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(54) BREAST SHIELD FOR A BREAST PUMP
(57) A breast shield for a breast pump comprises a
first (inner) cavity for placing over the nipple and having
a first pressure control port for controlling milk expres-
sion. A second (outer) cavity is radially outward of the
first cavity and is coupled to a second pressure control
port for providing a sealing or positioning and then holding
function. Thus, a positioning/holding function and a milk
expression function may be optimized independently.
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to a breast shield
for a breast pump to receive the breast of a user. The
invention also relates to a breast pump comprising the
shield of the invention.

BACKGROUND OF THE INVENTION

[0002] Breast pumps are well known devices for ex-
tracting milk from a breast of a user. A breast pump may
be used if the baby or infant is not itself able to extract
milk from the breast, or if the mother is separated from
the baby or infant and is to be fed with breast milk by
someone else.

[0003] Breast pumps allow the nursing mother to ex-
press milk and provide collection of the breastmilk for
later use. For some mothers, breast pumps may be a
necessity, as when a child has suckling problems, or if
the mother has problems with excessive or deficient milk
production, or soreness, deformation or injury of the
mammilla, or like conditions that are not conducive to
suckling at the breast.

[0004] Breast pumps typically comprise a rigid, funnel-
shaped shield connected to a vacuum pump having a
containerfor collecting the milk. The funnel shaped shield
is known as the breast shield. It is the interface between
the user's breast and nipple with the pump and so its
design is critical to maintaining the user's comfort whilst
using the device. It is also important to ensure that the
vacuum seal between the breast and the shield is main-
tained for optimal pumping.

[0005] The breast pump typically has two operating
modes, namely a stimulation mode and an extraction
mode. During the stimulation mode, the milk ejection re-
flex is stimulated. When the breast pump is activated, a
pressure source such as a vacuum pump inside the
breast pump generates an under-pressure and the stim-
ulation mode can be started. The vacuum pump is typi-
cally driven by an electric motor. For portable breast
pumps, these motors are driven by battery power.
[0006] Typical pressure profiles oscillate between a
maximum negative pressure and then return to atmos-
pheric pressure at the end of each cycle. By generating
a pressure cycle, particularly a cycle using under-pres-
sure levels below atmospheric pressure, a simulation of
afeeding action is obtained, which triggers the necessary
let-down reflex for lactating. However, areturn to ambient
pressure within the breast shield chamber may not be
required, and benefits may be achieved by maintaining
a certain level of under-pressure, i.e. a baseline vacuum,
onthe breast throughout at least a portion ofthe pumping
session.

[0007] During placementofthe breastshield, the moth-
er has to correctly place the expression kit while at the
same time having to turn on the vacuum pump (with the
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other hand). The nipple should be aligned as well as pos-
sible in the center of the breast shield. If the mother then
turns onthe vacuum pump, the breast shield often moves
out of place. This problem becomes even more apparent
if two expression kits are used at the same time, one for
each breast.

[0008] While expressing milk, the breast shield or
shields also need to be held in place during the entire
duration of the session. Some dedicated bras are com-
mercially available for hand-free use ofthe breast pumps.
Besides increasing the cost of the expression set, an
expression bra might not be as comfortable as a normal
brawhen needed to be worn for the whole day and wom-
en might need to undress before expressing milk.
[0009] Incorrect placement results in a number of dis-
advantages such as leakage and pain and trauma. If the
breast shield is not correctly sealed against the breast,
leakage can occur which can result in milk spilling over
clothes or breastmilk waste. Pain and trauma may be
caused by bruising to the nipple and areola.

[0010] To address this issue, breast pumps may also
include an attachment mode before the breast pumping
session, during which a low under-pressure level (i.e. a
pressure close to atmospheric pressure) is applied to as-
sist the user in positioning the breast shield. The use of
an attachment mode is for example described in EP 3
151 876.

[0011] The pumping profile, baseline pressure and at-
tachment pressure are usually controlled within a breast
shield by acting on the same breast area (nipple and
areola). This hampers comfort and the possibility of in-
dependently optimizing the different functions.

[0012] There is therefore a need for an improved de-
sign of breast shield to improve the ease of alignment.

SUMMARY OF THE INVENTION

[0013] The invention is defined by the claims.

[0014] According to examples in accordance with an
aspect of the invention, there is provided a breast shield
for a breast pump, comprising:

a first cavity for placing over a first portion of the
breast surface including the nipple of a breast, the
first cavity coupled to a first pressure control port for
controlling milk expression; and

a second cavity positioned radially outwardly from
the first cavity, the second cavity coupled to a second
pressure control port for providing a sealing, or po-
sitioning function, wherein the second cavity is for
applying a pressure to a second portion of the breast
surface radially outward from the first portion.

[0015] The first cavity is intended to cover the nipple,
whereas the second cavity covers an area of the breast
surface further radially outwardly spaced from the nipple.
It is positioned radially outwardly, with reference to radial
direction ofthe first cavity. This radial direction is perpen-
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dicular to the projection direction of the nipple, and per-
pendicular to a corresponding length axis of the first cav-
ity.

[0016] The second cavity may have a closed shape
(such as a circle or ellipse) surrounding the first cavity or
it may have a shape which does not fully surround the
first cavity. The use of separate pressure control ports
means that different under-pressure levels and/or pro-
files may be applied to the different areas of the breast.
For example, the pressure applied to the second portion
of the breast may be a baseline under-pressure aimed
at providing improved and easy placement whereas the
pressure applied to the first portion is for the most efficient
milk expression.

[0017] The breast shield thus has two separate com-
partments to enable this use of independent pressure
profiles. The second cavity may be formed outside the
normal size of a breast shield. In this case, the breast
shield provides a larger surface of contact. Alternatively,
the first cavity may have a reduced sized compared to a
conventional breast shield so that the overall size re-
mains approximately the same.

[0018] When the second has a closed shape around
the first cavity, the breast shield has one circular (or oval)
first cavity for providing an expression pressure profile
and a concentric second cavity in the shape of a corre-
sponding closed shape.

[0019] The second cavity may comprise an open
shape which may be only partially around the first cavity.
Thus, a full closed shape is not needed. The size of the
second cavity only needs to be sufficient to perform the
intended function, which is for example a holding func-
tion. It may be simply to one side of the first cavity, e.g.
above the first cavity.

[0020] The first cavity may have a milk output channel
and the second cavity is a shape with an interruption
located at the milk output channel. Thus, the second cav-
ity does not complicate the connections to the first cavity.
[0021] The second cavity may have a covering mem-
brane. This is used to protect the vacuum pump system
from dirt and debris and makes the breast shield easier
to clean. The membrane forms an interface between the
second cavity and the breast. This may also give more
comfort to the user.

[0022] There may be one or more further cavities, so
that there is a set of cavities radially outside the first cav-
ity, for example a set of two or more concentric outer
cavities. A pressure may be switched between the mul-
tiple chambers defined by these outer cavities to maintain
a constantly applied under-pressure to hold the breast
pump while not having a constant under-pressure on any
particular area of the breast tissue. This avoids bruises
that can occurwhen an under-pressure is constantly ap-
plied to a same paosition. In this way, the breast shield
further comprises at least one further cavity positioned
radially outwardly of the second cavity.

[0023] The second cavity may be divided into seg-
ments, wherein each segment has its own pressure con-
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trol port. Some of these pressure control ports may be
coupled together so that the segments are grouped, or
they may be independent.

[0024] The use of multiple segments, to which inde-
pendent and adaptive pressure profiles may be applied,
gives the option of massaging the breast during milk ex-
pression. Massaging the breast during milk expression
has been demonstrated to increase the quality of breast
milk. The combination of suckling and massaging also
assists in emptying the milk ducts as well encouraging
the production of more milk.

[0025] The second cavity maybe rigidly mounted to the
first cavity. They may for example be formed as a single
molded unit.

[0026] Alternatively, the second cavity may be elasti-
cally non-rigidly mounted to the first cavity. There may
for example be an elastic ring between them. This im-
proves user comfort by enabling the breast shield to
adapt at least partly to the shape of the breast.

[0027] A ridge between the inner and outer cavity is
preferably designed to maximize comfort, by avoiding
high friction surfaces, hard materials orsharp edges. This
ridge functions as the main seal for preventing leakage
of milk from the first cavity into the second cavity. The
second cavity is not intended to function as a milk col-
lection chamber.

[0028] The second cavity may be non-circular with a
greater height than width. The height is the axis which is
intended to be aligned with the height axis of the user, i.
e.intendedto be verticalinnormaluse. It may forexample
be oval. This means that more of the suction force is
acting against the momentum resulting from the weight
ofthe wearable part multiplied by the distance to the cent-
er of gravity, so providing a more effective holding of the
breast shield. This results in improved fitting.

[0029] Theinvention also provides a breast pump com-
prising:

a vacuum pump system;

an expression kit which comprises the breast shield
as defined above coupled to the vacuum pump sys-
tem; and

a controller for controlling the vacuum pump system.

[0030] The vacuum pump system may comprise a vac-
uum pump, and a pressure regulator system for deliver-
ing a pressure to the first cavity and the second cavity.
Thus, asingle vacuum pump may be used, and the output
is regulated by a regulator system (e.g. separate pres-
sure regulators) to create at least two different pressure
profiles.

[0031] The vacuum pump system may instead com-
prise a first vacuum pump for the first cavity (for the ex-
pression function) and a second vacuum pump for the
second cavity (e.g. for creating a baseline pressure).
[0032] The controller may be adapted to apply a hold-
ing vacuum to the second cavity which adapts over time
from an intermittent application of under-pressure to a
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constant application of under-pressure when the breast
shield is first positioned.

[0033] Alternatively, a constant but low initial holding
under-pressure may be used when the breast shield is
first positioned.

[0034] The intermittent application of under-pressure
and/or the use of a low under-pressure enables a user
to reposition the breast shield initially, and the breast
shield is then held more constantly when the constant or
higher under-pressure is applied.

[0035] The controller may be adapted to apply a mas-
sage pressure profile to the second cavity during milk
expression using the first cavity. This may for example
make use of a segmented second cavity as discussed
above.

[0036] The breast pump system may comprise a user
interface to allow a userto select pressure characteristics
forthe first and second cavities. Thus, the usermay prefer
to have the attachment performed by the expression
pressure (as in a conventional breast pump) and may
thus choose to disable the pressure applied to the second
cavity. Thus, the system can be configured to operate in
different ways, including operating in the same way as
conventional breast pumps.

[0037] These and otheraspects ofthe invention will be
apparent from and elucidated with reference to the em-
bodiment(s) described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] Fora better understanding ofthe invention, and
to show more clearly how it may be carried into effect,
reference will now be made, by way of example only, to
the accompanying drawings, in which:

Figure 1 shows a known breast pump system;
Figure 2 shows a first example of a breast shield;
Figure 3 shows a firstimplementation ofthe example
of Figure 2;

Figure 4 shows a second implementation of the ex-
ample of Figure 2;

Figure 5 shows a second example of a breast shield;
Figure 6 shows a third example of a breast shield;
Figure 7 shows a fourth example of a breast shield;
Figure 8 shows two designs with additional outer
cavities;

Figure 9 shows a fifth example of a breast shield;
Figure 10 shows an example of an intermittent ap-
plication of under-pressure; and

Figure 11 shows a design for the seal provided be-
tween the first and second cavities.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0039] The invention will be described with reference
to the Figures.

[0040] It should be understood that the detailed de-
scription and specific examples, while indicating exem-

10

15

20

25

30

35

40

45

50

55

plary embodiments of the apparatus, systems and meth-
ods, are intended for purposes of illustration only and are
not intended to limit the scope of the invention. These
and other features, aspects, and advantages of the ap-
paratus, systems and methods of the present invention
willbecome better understood from the following descrip-
tion, appended claims, and accompanying drawings. It
should be understood that the Figures are merely sche-
matic and are not drawn to scale. It should also be un-
derstood that the same reference numerals are used
throughout the Figures to indicate the same or similar
parts.

[0041] The invention provides a breast shield for a
breast pump, which comprises a first cavity for placing
over the nipple and having a first pressure control port
for controlling milk expression. A second cavity is radially
outwardly positioned relative to first cavity (e.g. around
or partially around the first cavity) and is coupled to a
second pressure control port for providing a sealing or
positioning function. Thus, a positioning/holding function
and a milk expression function may be optimized inde-
pendently.

[0042] Figure 1 shows a known breast pump system
1, comprising an expression unit 2 and a pump arrange-
ment 3 which are connected via a tube 4. The pump ar-
rangement includes various components in addition to
the pump, so may be considered to be a general oper-
ating unit.

[0043] The expression unit 2 is formed with a main
body 7, a funnel 5 for receiving a breast of a user and a
receptacle 6 for collecting the expressed milk. The funnel
5 is commonly known as a breast shield. The breast
shield 5 and the receptacle 6 are connected to the main
body 7. The main body 7 comprises a vacuum chamber,
i.e. achamberto which any desired under-pressure may
be applied. A flexible membrane or diaphragm is located
in the vacuum chamber, and this membrane prevents
expressed milk from flowing into the tube 4 leading to the
pump arrangement unit 3.

[0044] The pump arrangement 3 may instead be di-
rectly mounted and connected to the main body 7. In this
case, the membrane prevents expressed milk from flow-
ing directly into the pump arrangement 3.

[0045] The pump arrangement 3 comprises a control-
ler 10, a power source 12, a motor 14 and a vacuum
pump 16. The controller controls 10 the operation of the
power source 12, motor 14 and vacuum pump 16. The
vacuum pump delivers an under-pressure at one side
and an over-pressure at an opposite side (relative to a
middle reference pressure, which may be the atmospher-
ic pressure). The pump arrangement 3 further comprises
a solenoid valve 18.

[0046] In use, the vacuum pump applies an under-
pressure to the membrane located in the main body 7 so
that it deforms. The membrane deforms to create an un-
der-pressure in the breast shield 5 which in turns applies
an under-pressure to the breast which enables milk to
be expressed.
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[0047] Althoughthe breast pump system 1 isdescribed
as comprising a membrane such that the under-pressure
is applied indirectly to the breast, it should be understood
that in an alternative embodiment, the under-pressure is
applied directly to the breast of a user. In this case, the
breast pump system does not comprise a membrane and
the under-pressure created by the vacuum pump is ap-
plied directly to the breast.

[0048] The under-pressure is applied to the breast at
intervals. That is, a pressure differential is applied on a
cyclic basis. After an under-pressure has been estab-
lished, the pressure from the vacuum pump is released
by the use of the solenoid valve which is temporarily
opened. The solenoid valve is an electromechanically
operated valve configured to open and close an air pas-
sage that connects to the vacuum side of the vacuum
pump to ambient air such that when the solenoid valve
is closed, the vacuum pump generates an under-pres-
sure in the expression unit which enables milk to be ex-
pressed from the breast of a user. When the solenoid
valve is opened, the under-pressure generated by the
vacuum pump is released as ambient air flows towards
the vacuum or negative pressure created by the vacuum
pump such that the pressure exerted on the breast of a
user is partially or completely reduced.

[0049] This is a basic description of the known opera-
tion of a standard breast pump system.

[0050] The invention relates in particular to the breast
shield 5. The breast shield needs to be correctly aligned
on the breast and it also needs to remain in place during
milk expression. In conventional systems, these func-
tions all have to be achieved by the pressure profile ap-
plied to the single area of the breast within the breast
shield.

[0051] Figure 2 shows a firstexample of a breast shield
5 in accordance with the invention. The breast shield 5
has a first cavity 20 for placing over the nipple. This will
be termed a "first portion" of the breast surface. It has a
closed shape such as circle around the nipple. It will be
described as an inner cavity in the following description.
The inner cavity 20 is coupled to a first pressure control
port 22 for applying a first pressure profile to the first
cavity, in particular for controlling the milk expression.
This first pressure profile is thus applied to the nipple.
[0052] A second cavity 24 extends at least partially
around the outside of the inner cavity 20. It will be de-
scribed as an outer cavity in the following description.
The outer cavity is coupled to a second pressure control
port 26 for applying a second pressure profile to the outer
cavity, in particular for providing a sealing, or positioning
function. The outer cavity interfaces with a second portion
of the breast surface which extends at least partially
around the first portion. This second portion is typically
a ring of breast tissue outside the area of the areole.
[0053] The first pressure profile may be considered to
implement the basic functionality of the breast pump and
the second pressure profile may be considered to imple-
ment supporting functions. The two functions may be op-
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erated independently, in space and time. Inside the
breast shield, the basic functionality focuses on efficient
milk extraction e.g. the pumping profile and baseline un-
der-pressure. The supporting functions are for example
ensuring a good seal to provide leakage prevention, and
to provide attachment of the breast shield and optionally
a separate hold and assist function during initial place-
ment of the breast shield.

[0054] In one example, the inner cavity has an inner
diameterd1 such as to fit an average range of nipple/teat
sizes while the outer diameter d2 is similar to the existing
diameters of the breast shield.

[0055] The inner diameter d1 for example may range
from 20mm to 35mm and the outer diameter 2d may
range from 10cm to 15cm.

[0056] The surface area between d1 and d2 is propor-
tional to the force exerted by the cup due to the applied
under-pressure.

[0057] Alternatively, the inner diameter may be the
same as the existing diameter of a breast shield, and the
second cavity results in an increased size.

[0058] The diameter ratio and pressure ratio between
the cavities can differ in relation to the amount of desired
under-pressure.

[0059] While the physical separation into two compart-
ments mainly concerns the basic and support functions
for the under-pressure, atmospheric pressure and over
pressure, a separation in time enables additional user
interface and user experience (Ul/UX) functionality.
[0060] Forexample,the independent control ofthe two
pressure profiles enables personalization and adjusta-
bility based on user preferences but also allows adjusting
the pressure profiles independently of each other. For
example, there may be the option to have direct attach-
ment using the second cavity without applying a baseline
vacuum to the nipple and areola. Alternatively, the hold-
ing function may, as in conventional breast pump, be
implemented by the inner cavity.

[0061] The attachment force for holding the breast
shield on the breast is achieved using a minimum base-
line under-pressure in the second cavity, intended to
mimic the baseline vacuum naturally created by the ba-
by’s mouth between the tongue and palate for attach-
ment.

[0062] The contactarea and level of negative pressure
determine the force required to balance the weight ofthe
breast shield and any connected components, and hold
it in place. Ideally, the second cavity is able to support
the full weight of the device alone and/or in combination
with the first, internal cavity. This may be achieved with
different vacuum levels in the two compartments.
[0063] As mentioned above, the user may choose not
to use the option of direct attachment using the second
cavity.

[0064] Figure 3 shows a first implementation of the ex-
ample of Figure 2 in which the outer cavity 24 comprises
a closed shape around the inner cavity.

[0065] Figure 4 shows a second implementation of the
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example of Figure 2 in which the outer cavity 24 com-
prises a shape only partially around the inner cavity.
[0066] The second cavity is thus open, having a C-
shape. This enables connections to the first cavity by-
passing the direct attachment of the outer compartment.
For example, a milk transport passage may extend from
the first cavity towards the bottle through the interruption
30. The inner cavity 22 then has a milk output channel
32 and the outer cavity has an interruption 30 located at
the milk output channel.

[0067] The outer cavity may be smaller and hence lo-
cated at one location around the outer periphery of the
inner cavity, e.g. at the top

[0068] Figure 5 shows an example in which the outer
cavity has a covering membrane 40.

[0069] The example of Figures 2 to 4 are open sys-
tems, meaning the under-pressure or other pressure is
in direct contact with the skin. This might be undesirable
when there is a rapid application of under-pressure or if
there is a risk of milk being sucked into the vacuum sys-
tem. The membrane 40 functions as an active suction
cup to create an attachment on the breast.

[0070] Figure 6 shows an example in which the outer
cavity is separated into segments 50, wherein each seg-
ment has its own pressure control port (not shown). The
segments may be controlled individually or in groups.
Thus, each segment has a pressure control port so that
a pressure may be applied to the chamber formed by the
segment.

[0071] Asingle covering membrane as shown in Figure
5 may cover the set of separated segments ofthe design
of Figure 6.

[0072] Having multiple segments for example enables
the use of over pressure in one or more segments while
the othersegments secure the breast shield by an applied
under-pressure. By having a balance between the under-
pressure of some segments and the over pressure of
other segments, a number of over pressure profiles can
provide massaging, by circular motion or within a specific
target area, to improve the milk extraction while the re-
maining segments still hold the breast shield secure to
the breast.

[0073] A massage function for example requires a dif-
ference in pressure between different points, which var-
ies over time. The massage function may use an over-
pressure or an under-pressure or a combination.
[0074] By changing the actuation of the segments, the
over pressure and massage function can move around
the outer diameter of the breast. There may again be a
membrane between the applied pressure and the skin.
[0075] The examples above all form the two cavities
using a single integrated molded component so that the
outer cavity is rigidly mounted to the inner cavity.
[0076] Figure 7 shows an example in which the outer
cavity 24 is elastically non-rigidly mounted to the inner
cavity 22 by means of an elastic ring 60. This elastic ring
may form part of the tubing of the breast shield. This
reduces the attachment to the remainder of the breast
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shield and provides a suspension. This makes the outer
cavity at least partially mechanically independent from
the central body of the breast shield, so that movement
can be supported between the two cavities to allow a
best fit to the breast.

[0077] The examples above have a single inner cavity
and a single outer cavity. There may instead be multiple
outer cavities.

[0078] Figure 8 shows in the top image two concentric
outer cavities 24a, 24b around the inner cavity. Figure 8
shows inthe bottom image three concentric outer cavities
24a, 24b, 24c around the inner cavity.

[0079] By switching the application of under-pressure
between the multiple outer cavities, it can be ensured
that there is a constantly present under-pressure to hold
the breast pump while there is no constant under-pres-
sure all of the tissue. This avoid bruises that can occur
when an under-pressure is constantly applied to one lo-
cation ofthe skin. The pressures could forexample follow
a sinusoidal pattern, with opposite phase between the
two outer cavities 24a,24b, or a three phase approach
for three outer cavities.

[0080] The positioning of the breast shield needs to
overcome the force of gravity.

[0081] Figure 9 shows an example in which at least
the outer cavity is non-circular with a greater height than
width. This means that the force component exerted by
the second cavity in the vertical direction (parallel to grav-
ity) is stronger than the horizontal component. An oval
or rectangular shape may be used. This gives the advan-
tage that in the vertical direction more force is available,
avoiding unintended movement, while horizontal move-
ments, which are less influenced by gravity, are facilitated
for improved comfort and fit.

[0082] The sum ofthe forces resulting from the under-
pressure levels applied to the first and second cavities
preferably remains at least at a level sufficient to hold the
expression kit to the breast, thereby counteracting grav-
ity.

[0083] The oval design may be combined with any of
the previous examples. When the innerand outer cavities
are concentric, they will both have the same non-circular
shape.

[0084] In orderto provide different under-pressure lev-
els and/or profiles to the two cavities (or indeed the mul-
tiple segments for a segmented second cavity), a single
vacuum pump may be used but with a regulator system
which controls the pressure applied to first cavity and the
second cavity. A buffer and valve system may be used
to regulate the pressures in the cavities from a share
vacuum pump. For example, EP 2 598 183 discloses a
vacuum pump and a variable volume buffer volume, in
which the buffer volume may be used to control a nega-
tive pressure generated. This type of system may be used
for each of the cavities.

[0085] Alternatively, there may be a first vacuum pump
forthe first cavity and a second vacuum pump for second
cavity.
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[0086] As explained above, the second cavity may
have the function of providing a holding force. A holding
vacuum may be applied to the outer cavity which adapts
over time from an intermittent application of under-pres-
sure to a constant application of under-pressure when
the breast shield is first positioned.

[0087] Placing a breast shield with a fixed pre-estab-
lished constant vacuum results in a quick positioning of
the device on the breast. However, a constant baseline
vacuum is not optimal forrepositioning, as the userneeds
to break the vacuum seal before repositioning into the
desired position. The use of an intermittent short holding
(vacuum) and a release pressure (a lower vacuum, or
atmospheric pressure or even an over pressure) means
the user can reposition gradually until she feels that the
positon is optimal. The rhythm or pace of the intermitting
pressure and release changes to a full vacuum suitable
for holding and operating the device hands-free.

[0088] Figure 10 shows the intermittent application of
under-pressure as pressure (relative to atmospheric
pressure) versus time. The intermittent pressure enables
repositioning by the user until the correct alignment is
found.

[0089] The switch to a constant vacuum may be after
a fixed time, or user specified time, or when an input
command is received from the user, the pressure can
convert to a fixed baseline pressure.

[0090] The controller may also apply a massage pres-
sure profile to the outer cavity during milk expression
using the first cavity.

[0091] A userinterface may allow a userto select pres-
sure characteristics for the first and second cavities as
mentioned above. This provides personalization and ad-
justment to user preferences. Direct attachment using
the second cavity means thatthe pumping vacuum profile
does not need the conventional baseline vacuum on the
nipple and areola.

[0092] Inthe examplesabove,thereis anannularridge
between the cavities, and this ridge is held against the
skin by the under-pressure in one or both of the cavities
on each side. This ridge may be adapted to ensure the
best possible comfort for the wearer. For example, in-
stead of a flat surface with a sharp edges leading into
the cavities on each side, a curved shape may be formed,
with a soft low friction surface where there will be contact
with the skin. By providing a curved shape for the wall
between the cavities, sharp edges can be avoided.
[0093] Figure 11 shows an example of a design of the
interface between the inner and outer cavities. The ridge
70 has asmooth curved surface. In addition, it can deflect
as represented by the arrow so that it can move in re-
sponse to movement of the skin surface 72 for example
induced by the different pressures applied to the cavities.
In this way, the ridge can remain in contact with the same
area of skin and does not need to slide relative to the
skin surface when there are small movements in the skin
surface. The ridge can move with the skin.

[0094] A curvedshape may be formed by an integrated
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molded shape feature, but it may instead be an externally
applied pad which is mounted over the front face of the
breast shield.

[0095] The curved shape between the cavities may be
formed by a flexible wall portion which defines the tran-
sition between adjacent cavities. It may then define a soft
sealing ring which separates a first cavity from a second
cavity.

[0096] The invention has been described above with
reference to a conventional vacuum pump (motor and
impeller) and solenoid. However, there are other options
for creating the desired under-pressure, such as hydrau-
lic-driven systems, ultrasonic motors, and peristaltic
pumps. Any of these different ways of producing an un-
der-pressure may be used forthe inner and/or outer cav-
ities.

[0097] 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 draw-
ings, the disclosure and the appended claims. In the
claims, the word "comprising" does not exclude other el-
ements or steps, and the indefinite article "a" or "an" does
not exclude a plurality.

[0098] The mere factthat certain measures are recited
in mutually different dependent claims does not indicate
that a combination of these measures cannot be used to
advantage.

[0099] Ifthe term "adapted to" is used in the claims or
description, it is noted the term "adapted to" is intended
to be equivalent to the term "configured to".

[0100] Any reference signs in the claims should not be
construed as limiting the scope.

Claims
1. A breast shield (5) for a breast pump, comprising:

a first cavity (20) for placing over a first portion
of the breast surface including the nipple of a
breast, the first cavity coupled to a first pressure
control port (20) for controlling milk expression;
and

a second cavity (24) positioned radially outward-
ly from the first cavity, the second cavity coupled
to a second pressure control port (26) for pro-
viding a sealing, or positioning function, wherein
the second cavity is for applying a pressure to
a second portion of the breast surface radially
outward from the first portion.

2. The breast shield of claim 1, wherein the second
cavity extends at least partially around the outside
of the first cavity.

3. The breast shield of claim 1, wherein the second
cavity (24) comprises:



10.

11.

12.

13.

13

a closed shape around the first cavity; or
an open shape extending partially around the
first cavity.

The breast shield of claim 3, wherein the first cavity
(20) has a milk output channel (32) and the ring has
an interruption (30) located at the milk output chan-
nel.

The breast shield of any one of claims 1 to 4, wherein
the second cavity (24) has a covering membrane
(40).

The breast shield of any one of claims 1 to 5, wherein
the second cavity (24) is separated into segments,
wherein each segment has its own pressure control
port.

The breast shield ofany one ofclaims 1to 6, wherein:

the second cavity (24) is rigidly mounted to the
first cavity (20); or

the second cavity (24) is elastically non-rigidly
mounted to the first cavity (20).

The breast shield of any one of claims 1 to 7, further
comprising at least one further cavity (24a, 24b) po-
sitioned radially outwardly of the second cavity (24c).

The breast shield of any one of claims 1 to 8, wherein
the second cavity (24) is non-circular with a greater
height than width.

A breast pump comprising

a vacuum pump system (14,16);

an expression kit (2) which comprises the breast
shield of any one of claims 1 to 9 coupled to the
vacuum pump system (14,16); and

a controller (10) for controlling the vacuum pump
system.

The breast pump system of claim 10, wherein the
vacuum pump system comprises a vacuum pump
(16), and a regulator system for controlling the pres-
sure applied from the vacuum pump to the first and
second cavities.

The breast pump system of claim 10, wherein the
vacuum pump system comprises a first vacuum
pump for the first cavity and a second vacuum pump
for the second cavity.

The breast pump system of any one of claims 10 to
12, wherein the controller (10) is adapted to apply a
holding under-pressure to the second cavity which
adapts over time from an intermittent application of
a particular under-pressure level to a constant ap-
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14.

15.

14

plication of under-pressure when the breast shield
is first positioned.

The breast pump system of any one of claims 10 to
13, wherein the controller (10) is adapted to apply a
massage pressure profile to the second cavity during
milk expression using the first cavity.

The breast pump system of any one of claims 10 to
14, comprising a user interface to allow a user to
select pressure characteristics for the first and sec-
ond cavities.
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VOLUME METER

The present invention relates to a device to determine a volume of fluid present in a tank or
other container. More particularly, but not exclusively, it relates to a device to determine a
volume of fuel present in a vehicle fuel tank, for example so as to compare volumes present

before and after use, and to a method of use of such a device.

When a car, van or other vehicle is hired out, it is common for a hire agreement to specify that
the vehicle should be returned with the same volume of fuel in its fuel tank as was present
when it was driven away. Should there be a deficit, the hirer is liable to pay for the vehicle to

be refuelled to the initial level.

However, in practice, it is difficult to assess exactly how much fuel is present in a vehicle fuel
tank, using only the vehicle’s dashboard fuel gauge, which is usually connected to a float
sensor within the tank. The gauge can normally be read to no better than the nearest eighth of
a tank-full, which will typically represent five to ten litres of fuel. It is thus possible to return
a vehicle with significantly less fuel in its tank, without this being clearly indicated by its fuel
gauge. Furthermore, in borderline situations, considerations such as good customer relations
will often militate againsF arguing with a customer over whether a fuel gauge needle is nearer

to three-eighths of a tank or a quarter of a tank, for example.

CONFIRMATION COPY
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It is estimated that such shortfall causes loss to vehicle hirers of around £250,000 per year in
the United Kingdom alone. This could be extrapolated to an annual loss for the entire vehicle
hire market of approximately £80 million. There is hence a need for a precise and
unequivocal means of measuring how much fuel is present in a vehicle’s tank, before and

after use.

Such means should, however, preferably not involve modification to the vehicles themselves,
on grounds of cost and inconvenience. It should be quick and easy to use, and must be safe

for use in the presence of highly inflammable fuel vapours.

Conventional liquid level sensors would not be appropriate, since they would be significantly
affected by the exact attitude of the vehicle to the horizontal when the measurements are
taken. In any case, it is difficult to access the fuel itself from outside the tank. However, an
approach that appears to have received little attention is to measure the volume of the air
above the fuel in the tank. In practice, the volume of air above the fuel will include the
volume of a filler pipe leading from a filler cap or the like to the fuel tank, so the term “tank”
hereinafter should be understood also to comprise such piping. Within this application, the
term “air space” is used to refer to the volume within a container (which may include liquid)
which is not occupied by the liquid, and is not intended to be limited to a volume occupied by

atmospheric air.

Vehicle fuel tanks will be produced to a standard size for any given model. Thus, the volume
of fuel in the tank plus the volume of air above it will be constant (strictly speaking, only true
at a constant temperature, but such considerations can be allowed for mathematically, or by
calibrating at a range of temperatures). In principle, a change of air volume in the tank will
indicate a change in fuel volume, and measuring air volume has the advantage that a direct

connection with this volume can be established through an existing, unmodified filler cap.

25



WO 2005/114113 PCT/GB2005/002062

While a particular problem to be addressed is the measurement of fuel volumes within vehicle
fuel tanks, as discussed above, there will be many other applications in which quick and
accurate measurements of liquid volumes within substantially rigid containers will be
required. A device suitable for measuring fuel volumes may well also be applicable to other
such measurement needs. For example, such a device would be useful in the brewing

industry for determining the amount of liquid in a tank or still.

It is hence an object of some embodiments of the present invention to produce a device to
determine the volume of liquid present in a container by measuring the volume of gas in the
container, and to provide a method for determining such volumes and changes in such

volumes, using said apparatus.

However, some embodiments of the present invention are relevant to applications where it is
not necessary to determine the absolute volume of the liquid present in the container. For
example, for the purposes of determining whether a customer has brought a rental car back
with same amount of fuel as when they rented the vehicle, it will be sufficient only to
determine whether there has been a change in the volume of the liquid. By determining the
amount of the change in the volume of air space, it is possible to determine the amount by
which the volume of fuel has changed and issue a bill accordingly. As changes in the volume
of liquid within a container of substantially fixed volume will result in corresponding and
opposite changes in the volume of the air space within the container, measuring the change in
the air space within the container is sufficient to determine whether the volume of liquid

within the container has changed and/or the amount of the change, if appropriate.

According to a first aspect of the present invention, there is provided a device for determining

the volume of air space within a container, comprising means to connect the device to the

container, means to alter the gas pressure within the container, gas flow restrictor means,
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valve means to connect the container either to the pressure altering means or to the restrictor
means, and means to determine the rate of pressure change within the container while the

container is connected to the restrictor means.

The volume of air space within the container can be calculated from the determined rate of
pressure change. Where the volume of the container is known, it is possible to determine the
volume of liquid within a container by subtracting the air space from the volume of the
container. Preferably, the device includes computing means (such as a computer) to calculate
the volume of liquid in a container by subtracting the air space from the volume of the

container.

There is also provided a device for determining whether the volume of air space within a
container has changed between two readings, comprising means to connect the device to the
container, means to alter the gas pressure within the container, gas flow restrictor means,
valve means to connect the container either to the pressure altering means or to the restrictor
means, and means to determine the rate of pressure change within the container while the

container is connected to the restrictor means.

The device is also suitable for determining whether the volume of liquid within a container
has changed between two readings as, provided that the container is of substantially fixed
volume, if the volume of air space has not changed between two readings, then the volume of
liquid should not have changed. Again, the volume of air space within the container can be

calculated from the determined rate of pressure change.

There is also provided a device for determining the change in volume of air space within a
container between two readings, comprising means to connect the device to the container,
means to alter the gas pressure within the container, gas flow restrictor means, valve means to

connect the container either to the pressure altering means or to the restrictor means, means to
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measure pressure within the container, and means to determine the rate of pressure

change within the container while the container is connected to the restrictor means.

The device is also suitable for determining the change in volume of liquid within a container
as this will be the opposite of the change in the volume of air space between two readings
provided that the volume of the container is substantially fixed. Again, the volume of air

space within the container can be calculated from the determined rate of pressure change.

The means to determine the rate of pressure change within the container while the container is
connected to the restrictor means preferably includes means to measure pressure within the
container (such as a pressure transducer) although it would be possible in principle to use a
device which measures the rate of change of pressure, or the flow rate (such as the molecular
or volumetric flow rate) of gas through the restrictor means. In these cases it would remain
preferable for the device to comprise a means to measure the pressure within the container as

the rate of pressure change will in general depend on the pressure within the container.

The means to measure pressure may measure absolute pressure, but preferably measures the
pressure difference across the restrictor means. If the restrictor means opens out into ambient
air, the pressure difference across the restrictor means will be the pressure difference between
the inside of the container and ambient air. It is preferable to measure the pressure difference
across the restrictor means because the pressure difference is the predominant factor
determining the rate at which gas flows through the restrictor means and so the rate at which
pressure tends to ambient pressure within the container. Preferably, therefore, the means to
measure pressure within the container comprises a pressure transducer which measures the
pressure difference across the restrictor means. The pressure difference across the restrictor
means is generally the pressure difference between the interior of the container and ambient

air.
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Preferably, absolute pressure is taken into account when calculating the volume of the
air space (and thus the volume of the liquid, or change in volume of the liquid). This can
improve the accuracy of the resulting measurements because the rate of pressure change
depends in practice not just on the pressure difference across the restrictor means, but also the
absolute pressure difference. Gases of different pressures, and thus different densities, can be
expected to flow differently through the restrictor means. One skilled in the art will recognise
that the absolute pressure which is taken into account could be the pressure within the

container or the ambient pressure.

Thus, in a preferred embodiment, the device further includes means to measure absolute
pressure, such as a pressure transducer. This pressure transducer may be a different pressure
transducer to that used to measure the pressure within the container, or it might be the same
pressure transducer. If it is the same pressure transducer, a valve may be engageable to
connect the pressure transducer to the atmosphere. This valve may also constitute or be part
of the valve means to connect the container either to the pressure altering means or to the
restrictor means. For example, the valve may have three positions, one which connects the
pressure transducer to the container, another which connects the pressure transducer to the gas

flow restrictor means, and a third which connects the pressure transducer to the atmosphere.

The temperature of the gas within the container or ambient temperature (measured by a
temperature transducer such as a thermometer or other temperature gauge) may also be taken
into account when calculating the volume of the air space in the container from the rate of
change of pressure within the container. However, the effect of temperature is less important

than the effect of absolute pressure.

The device (or a separate computing device, if appropriate) may comprise means to determine

the effect of absolute pressure (and optionally absolute temperature) on the rate of pressure

change while the container is connected to the restrictor means. For example, the device may
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comprise calibration data (such as a calibration table) or an implementation of a
computing algorithm which enables the data measured while the container is connected to the
restrictor means (such as the rate of pressure change within the container, or the period taken
for the pressure within the container to change from a first value to a second value, or the
change in pressure within the container during a period of time) to be analysed taking into

account the atmospheric pressure (and optionally the ambient temperature).

In a preferred embodiment, there is provided a memory storing a calibration table for the
restrictor means which allow an estimate of instantaneous molecular flow rate to be computed
from the pressure difference across the restrictor means, the ambient pressure (and optionally

the ambient temperature).

The means to determine the rate of pressure change within the container may time a period
taken for the pressure within the container to change from a first value to a second value
while the container is connected to the restrictor means. The first and second values could be
predetermined. However, the first and second values could be calculated by calculating
means (such as a computer); for example, the first and second values could be calculated by
analysing the change in pressure with time while the means to alter the gas pressure within the

container alters the gas pressure within the container.

Alternatively, the means to determine the rate of pressure change within the container may
determine the change in the pressure within the container during a period of time. The time
period may start when the pressure within the container reaches a predetermined value.
Again, the pressure may be absolute pressure but is preferably pressure relative to ambient
pressure. The period of time may be calculated by analysing the change in pressure with time
while the means to alter the gas pressure within the container alters the gas pressure within the

container.
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The means to determine the rate of pressure change within the container may measure
pressure within the container at a plurality of times and analyse the successive pressure

values, preferably using calculating means, such as a computer.

The volume of air space within the container can be calculated from the rate of pressure
change, the time period or pressure change, as appropriate. If the volume of the container is
known, then the volume of liquid within the container can be calculated by subtracting the
volume of the air space from the volume of the container. If two successive reading are
taken, the change in volume of air space can be determined by storing data from the first

reading and comparing it with data from the second reading.

One skilled in the art will recognise that it is not necessary for the device to actually calculate
the volume of air space within the container. It is sufficient to determine a parameter which
can be related to the volume of air space within the container: for example, the rate of
pressure change, the period taken for the pressure within the container to change from the first
value to the second value, and/or the pressure difference during a period of time. Such
parameters can be related to the volume of air space within the container as and when
required. [t is possible to determine whether the amount of liquid within the container has
changed, or the amount by which it has changed, between two readings without having to

actually calculate the respective volumes of air space.

The device preferably comprises one or more of a display to display the determined volume
or change in volume or parameter, a memory to store the determined volume, change in
volume or parameter, or an interface to transmit the volume, change in volume or parameter
to an external computer or storage device. Preferably, the device includes a computer to carry
out any necessary calculations. The invention also extends to a system comprising one or
more computers and a plurality of devices according to the present invention. Such a system

would enable readings carried out at one location (such as a car rental depot from which a car
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is rented) to be compared with readings carried out at another location (such as a car

rental deport to which a car is returned).

Further preferred features and options correspond to those described below.

According to a second aspect of the present invention, there is provided a method of
measuring the volume of a liquid in a container of known volume comprising the steps of
altering the pressure of gas within the interior of a container and allowing the pressure within
the container to start equilibrating with air of another pressure through gas flow restrictor
means whilst carrying out at least one measurement of the rate of change of pressure within
the container, thereby calculating the volume of the container which is not occupied by the

liquid and thereby calculating the volume of the liquid.

There is also provided a method of determining whether the volume of a liquid in a container
of substantially fixed volume has changed between first and second readings, comprising the
steps of, for each reading, altering the pressure of gas within the interior of the container and
allowing the pressure within the container to start equilibrating with air of another pressure
through gas flow restrictor means whilst carrying out at least one measurement of the rate of
change of pressure within the container, thereby calculating the volume of the air space within
the container, and then comparing the calculated air space volumes. (Air space refers to the

volume of the container not occupied by liquid).

There is also provided a method of determining a change in the volume of a liquid in a
container of substantially fixed volume between first and second readings, comprising the
steps of, for each reading, altering the pressure gas within the interior of the container and
allowing the pressure within the container to start equilibrating air of another pressure through

gas flow restrictor means whilst carrying out at least one measurement of the rate of change of
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pressure  within the container, thereby calculating the air space volume, and then

calculating the difference in the air space volumes between readings.

Air of another pressure is preferably ambient air.

The provided methods preferably include the step of measuring either or both of absolute
pressure (typically absolute ambient pressure) and ambient temperature and taking these
measurements into account when calculating one or more of the volume of the air space,
whether there has been a change in the volume of the air space, the amount of change in the
volume of the air space, the volume of liquid in the container, whether there has been a
change in the volume of liquid in the container or whether there has been a change in the

volume of liquid in the container.

Values of air space volume or a parameter related thereto (e.g. the rate of pressure change, the
period taken for the pressure to change from one value to another, or the pressure change in a

particular period) may be stored between the first and second readings.

The step of measuring the rate of change of pressure within the container may comprise
measuring the period taken for the pressure within the container to changeAfrom a first value
to a second value while the container is connected to the restrictor means. The first and
second values could be predetermined. However, the first and second values could be
calculated; for example, the first and second values could be calculated by analysing the
change in pressure with time while the means to alter the gas pressure within the container

alters the gas pressure within the container.
Alternatively, the step of measuring the rate of change of pressure within the container may

comprise determining the change in the pressure within the container during a period of time.

The time period may start when the pressure within the container reaches a predetermined
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value. Again, the pressure may be absolute pressure but is preferably pressure relative
to ambient pressure. The period of time may be calculated by analysing the change in
pressure with time while the means to alter the gas pressure within the container alters the gas

pressure within the container.

The step of measuring the rate of change of pressure within the container may comprise
measuring the pressure within the container at a plurality of times and analysing the

successive pressure values.

Analysis is preferably carried out using calculating means, such as a computer.

According to a third aspect of the present invention, there is provided a method of calculating
a charge to be issued in relation to the rental of a vehicle having a fuel tank for containing
fuel, the method comprising the steps of, on at least two occasions, determining the volume of
air space in the fuel tank, or a parameter related thereto, thereby calculating the change in the
amount of fuel between the occasions, and issuing a bill dependant on the calculated change

in the amount of fuel.

The volume of air space, or a parameter related thereto, may be calculated using a device
according to the first aspect or the fourth aspect. A different device may be used on each

occasion.

The volume of air space, or a parameter related thereto, may be calculated according to a

method of the second aspect or the fifth aspect.
According to a fourth aspect of the present invention, there is provided a device to measure a

volume of liquid held within a container of known volume, comprising means to connect the

device to the container, means to alter the gas pressure within the container, gas flow
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restrictor means, valve means to connect the container either to the pressure altering
means or to the restrictor means, means to measure pressure within the container, and means
to time a period taken for the pressure within the container to change frdm a first
predetermined value to a second predetermined value while the container is connected to the

restrictor means.

There is further provided means to measure the absolute value of pressure (either or both of
ambient pressure or pressure within the container) and the device takes this measured value
into account when determining the measured volume of liquid.

Preferably, the device is provided with display means to indicate said period.

Alternatively or additionally, the device may be provided with memory means adapted to
record said period for future reference, or for subsequent transmission to a separate computing
device.

Advantageously, said display means may comprise numeric or alphanumeric display means.
Optionally, said display means comprises a liquid crystal display.

Preferably, the device is provided with electronic control means.

Advantageously, said electronic control means is adapted to operate the valve means.

The electronic control means may be adapted to operate the valve means so as to connect the

container to the restrictor means when the pressure in the container has been altered to a third

preselected value, further than said first and second values from ambient pressure.
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The gas flow restrictor means preferably comprises calibrated orifice means through

which gas may flow at a substantially constant rate.

The device may be provided with means to convert said period to a liquid volume within a

particular container.

Said conversion means may comprise a set of graphs or tables of said periods against gas

volume and/or liquid volume for particular preselected containers.

Alternatively or additionally, the device may be provided with memory means containing data

to enable conversion of said periods to gas volumes and/or liquid volumes for particular

preselected containers, and the electronic control means is adapted to perform said

conversion.

The device may then be provided with display means adapted to indicate a calculated volume.

The pressure-altering means preferably comprises pump means.

Advantageously, the pump means is manually- or pedally-operable.

The pump means may be adapted to raise the pressure within the container above ambient

pressure.

Alternatively, the pump means may be adapted to reduce the pressure within the container

below ambient pressure.

The pressure-altering means may alternatively comprise a source of gas under pressure, such

as a compressed-air line or reservoir vessel containing gas under pressure.
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The device may be provided with pressure release means adapted to operate at a pressure

differential within the container below that which might damage the container.

The connecting means may be adapted to form a gas-tight connection with a range of
different container apertures, for example fuel tank filler pipe openings of different models of

vehicle.

Further features or alternative features may correspond to those discussed in relation to the

first and second aspects above.

According to a fifth aspect of the present invention, there is provided a method for measuring
a volume of liquid held within a container of fixed volume, comprising the steps of providing
a device as described in the fourth aspect above, connecting it to an aperture of the container,
connecting the pressurising means to the container and raising the pressure therein to above a
first predetermined value, connecting the container to the gas flow restrictor means so as to
allow gas from the container to exit therethrough, timing the period taken for the pressure
within the container to fall from said first predetermined value to a second predetermined
value, and calculating from said period a gas volume and hence a liquid volume within the

container.
Preferably, the method further comprises the steps of subsequently measuring an altered
liquid volume within the container as described above and calculating a change in liquid

volume between said measurements.

Further or alternative steps may correspond to those discussed in relation to the second aspect

above.
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According to a sixth aspect of the present invention there is provided a device to
measure a volume of liquid held within a container of known volume, comprising means to
connect the device to the container, means to alter the gas pressure within the container, gas
flow restrictor means, valve means to connect the container either to the pressure altering
means or to the restrictor means, means to measure pressure within the container, and
measure the change in pressure within the container to change during a period while the

container is connected to the restrictor means.

Further preferred features correspond to those discussed in relation to the fourth aspect above.

According to a seventh aspect of the present invention, there is provided a method for
measuring a volume of liquid held within a container of fixed volume, comprising the steps of
providing a device as described in the sixth aspect above, connecting it to an aperture of the
container, connecting the pressurising means to the container and raising the pressure therein
to above a first predetermined value, connecting the container to the gas flow restrictor means
so as to allow gas from the container to exit therethrough, determining the pressure change
within the container during a period and calculating from said pressure change a gas volume

and hence a liquid volume within the container.

Further preferred features correspond to those discussed in relation to the fifth aspect above.

An embodiment of the present invention will now be more particularly described by way of

example and with reference to the accompanying drawing, in which:

Figure 1 is a frontal elevation of a fuel volume meter embodying the present

invention;
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Figure 2 is a frontal elevation of a fuel volume meter according to a second

embodiment of the present invention; and

Figure 3 is a frontal elevation of a fuel volume meter according to a third

embodiment of the present invention.

Referring now to Figure 1, a fuel volume meter 1 comprises a pressuring pump 2 connected to
a measurement unit 3, which is in turn linked by means of a flexible pressure hose 4 to a tank
connector fitting 5. The tank connector fitting 5 is shaped to form a gas-tight seal with an
external opening of a fuel filler pipe leading to a fuel tank of a vehicle. (Where a wide range
of different sizes of and/or shapes of openings may be encountered, it may be necessary to

provide alternative, exchangeable fittings 5).

The pressuring pump 2 is here a manually-operable stirrup pump, with a reciprocally
vertically-moveable pump handle 6 and a stirrup base 7 into which a user may insert a foot in
order to stabilize the meter 1 during pumping. Other embodiments may use foot-operated
pumps, or even (at the expense of portability) an existing or dedicated compressed-air supply,
via a suitable regulator. It would even be possible to use a regulated compressed gas cylinder,
for example to provide a source of inert gas for use in connection with extremely flammable

fuels or other liquids.

The measuring unit 3 contains a two-position valve 8. In a first position, represented by solid
arrows 9, the valve 8 connects the pressurising pump 2 to the pressure hose 4, and hence to
the fuel tank. In a second position, represented by broken arrows 10, the pressurising pump 2
is connected to open air, while the pressure hose 4 and fuel tank are connected to a restrictor
11 comprising a calibrated orifice through which air may exit the meter 1. A (first) pressure

transducer 12 measures the air pressure within the pressure hose 4 (and hence within the fuel
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tank). The measuring unit 3 also contains electronic control apparatus (including a
timing circuit), which is adapted to control the valve 8 and to receive data from the pressure
transducer 12. The measuring unit 3 is also provided with a display 13, most conveniently a
liquid crystal numeric or alphanumeric display, although light emitting diode or analogue
displays may also be used. The electronic components are all encapsulated for safety in the
presence of highly flammable fuel vapours. The portable meter 1 shown uses a low-voltage

dry cell battery as power supply, which is also located within a gas-tight chamber.

To use the meter 1, a filler cap is removed from a fuel filler pipe of a vehicle, and the fitting 5
is securely and sealingly connected to its external opening. The meter 1 is turned on, the
valve 8 being it its first position 9. The user pumps the handle 6 of the pressurising pump 2,

transferring air through the hose 4 to an interior of the fuel tank.

When the pressure within the fuel tank, the filler pipe and the hose 4 reaches 250 millibars
above atmospheric pressure, as indicated by the pressure transducer 12, the electronic control
apparatus switches the valve 8 from its first position 9 to its second position 10. The
pressurising pump 2 is now connected to the atmosphere, so no more air can be pumped into
the fuel tank, which is now linked, via the hose 4, to the restrictor 11. The slightly pressurised
air within the fuel tank is now free to bleed out via the calibrated orifice of the restrictor 11,

so that the pressure in the fuel tank, etc, begins to fall.

When the pressure transducer 12 registers a first pre-set pressure, for example 200 millibars,
the timing circuit begins to run. Air continues to bleed out through the restrictor 11 until a
second pre-set pressure is reached, for example 100 millibars, at which point the timing
circuit stops. The display 13 indicates an elapsed time between reaching the first and second
pre-set pressures, which the user may record. The pressure within the tank is then allowed to

return to atmospheric pressure, and the fitting 5 is removed.
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In principle, the behaviour of a gas under pressure is governed by the ideal equation:

PV =nRT

where P is pressure, V is volume, T is temperature, R is the ideal gas constant, and n is the
number of moles of gas present. In the course of the above pressurisation and
depressurisation sequence, V is the free volume of the fuel tank above the fuel (which
includes, as defined, the volume of the filler pipe and the hose 4), which will be substantially
constant. Over the range of pressure changes envisaged, it may be assumed that the
temperatures T will not vary appreciably, and R is an universal constant. Thus, the pressure is
in effect directly related to n, the amount of gas present, and a change in pressure, AP, is

directly related to a change in the amount of gas present, An:

AP = An.RT/V

Hence, the larger the value of V, the greater the value of An to give a particular value of AP.

The calibrated orifice in the restrictor 11 allows gas to escape at a relatively constant rate (for
the overpressure ranges in question), i.e. it allows n to change at a substantially constant rate
over time. That being said, the number of molecules flowing through the restrictor means and
so the rate of pressure change will be a function of the pressure difference across the restrictor
means, the absolute pressure, the temperature of the gas, the composition of the gas and so
forth. Absolute pressure can be a significant factor. Temperature is less of a factor.
Composition of the gas can also be a factor but if air is used, the variation in its composition

will usually be minimal, unless perhaps the device is used with a particularly volatile liquid.

Thus, the time t, measured for a specific pressure drop to occur through the restrictor 11 is a

measure of the amount of gas that has escaped to produce that pressure drop:
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An = k.t, where k is a constant

.» AP =k.t.RT/V

or V =k.t.RT/AP
Since k and R are constant, and T is effectively constant and AP is predetermined, the free

volume V above the fuel in the tank is directly proportional to the time t.

In reality, gas behaviour tends to diverge from ideal gas behaviour, but in a repeatable
fashion. Thus, a graph of V versus t may not be a straight line, but it is possible to produce a
reliable calibration curve for any given standard fuel tank by part-filling it with a range of

known volumes of liquid, and measuring t in each case.

Thus, one may use the meter 1 on a tank of known type containing an unknown volume of
fuel, to obtain an accurate assessment of the free volume within the tank, and hence the

volume of fuel.

This procedure may be carried out when a vehicle is hired out, repeated when the vehicle is
returned, and any difference calculated. If there is a deficit, the hire company may charge the

person who has hired the vehicle for the exact shortfall.

In its basic form, the meter 1 indicates only the time taken for the pressure to drop from a first
to a second preset value, leaving the user to read off a fuel volume from a calibration curve
for the particular vehicle model being used. However, it is envisaged that the meter could be
provided with a memory chip or the like containing the calibration curves for a range of
vehicles, and a touch-pad or the like allowing the user to select a particular model. The meter

display 13 would then show a calculated fuel volume.
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Alternatively, the meter could record the time in its memory, and then be connected to a
computer, over a standard RS232 connection or the like, in order to transfer this time data. In
this case, the computer could hold the calibration curves in its memory and use them to
calculate the fuel volume present. It would store the “as hired” fuel volume of each vehicle,
compare it with the “as returned” fuel volume of that vehicle, and calculate any refuelling

charges automatically.

The meter described will be safe in use, as its electrical components are isolated from any fuel
vapour mixed with the air above the fuel in the vehicle’s tank. Also, the overpressures used,
approximately one-quarter of atmospheric pressure at most, will be well within the range of
what a vehicle fuel tank is designed to withstand. If safety regulations require, a pressure
relief valve, bursting disc, or the like can be provided to release excess pressure if the valve

fails to operate at 250mbar as described above.

It should also be noted that while operation of the meter 1 is described above with the fuel
tank, etc, being pressurised to a slight overpressure, it is equally possible to evacuate the tank

- partially, creating an underpressure that sucks air into the tank through the restrictor 11.

A second embodiment is illustrated in Figure 2. In this embodiment, the meter includes a
second pressure transducer 14 which measures ambient pressure, and a memory 15 which
stores a calibration table. The calibration table includes data relating the rate at which gas
flows through the restrictor 11 to the pressure difference across the restrictor (i.e. the
difference in pressure between the inside of the container and ambient pressure), the ambient
pressure (and optionally the ambient témperature measured by a temperature transducer). A
computer 16 calculates the volume of the fuel tank which is not occupied by liquid taking into
account the data stored in the calibration data and the pressure values measured by first
pressure transducer 12 and second pressure transducer 14. The computer uses the data in the

calibration table to estimate the instantaneous molecular flow rate from the pressure
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difference across the restrictor and ambient pressure. (In a further embodiment not
shown, the meter also includes a temperature transducer and the computer uses the measured
temperature in its calculations). The instantaneous molecular flow rate is evaluated
periodically during the measurement process and numerically integrated over time to give an

estimate of An and thus V.

We have found that the instantaneous molecular flow rate through the restrictor 11 (and hence
the rate of change of pressure within the container with time) does not depend only on the
pressure measured by the first pressure transducer 12, but also on the absolute value of
ambient pressure measured by the second transducer 14. Accordingly, the second
embodiment should provide more accurate results than the first embodiment. The second
pressure transducer 14 should measure absolute pressure. The first pressure transducer 12
could measure either absolute pressure or the pressure difference between the inside of the

container and the ambient air.

A third embodiment is illustrated in Figure 3. In this embodiment, the valve 10 has three
positions. The first two positions correspond to the two positions of the first embodiment.
The third position connects the first pressure transducer 12 to the surrounding atmosphere.
Calculations are carried out as with the second embodiment. An advantage of the third
embodiment is that one less pressure transducer is required. This embodiment requires that
the pressure transducer measures absolute pressure as it must be able to measure the pressure

of ambient air.
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A device for determining the volume of air space within a container, comprising
means to connect the device to the container, means to alter the gas pressure within
the container, gas flow restrictor means, valve means to connect the container either
to the pressure altering means or to the restrictor means, and means to determine the
rate of pressure change within the container while the container is connected to the

restrictor means.

A device for determining the volume of liquid within a container comprising means
to connect the device to the container, means to alter the gas pressure within the
container, gas flow restrictor means, valve means to connect the container either to
the pressure altering means or to the restrictor means, and means to determine the rate
of pressure change within the container while the container is connected to the

restrictor means.

A device for determining whether the volume of air space within a container has
changed between two readings, comprising means to connect the device to the
container, means to alter the gas pressure within the container, gas flow restrictor
means, valve means to connect the container either to the pressure altering means or
to the restrictor means, and means to determine the rate of pressure change within the

container while the container is connected to the restrictor means.

A device for determining whether the volume of liquid within a container has
changed between two readings comprising means to connect the device to the
container, means to alter the gas pressure within the container, gas flow restrictor

means, valve means to connect the container either to the pressure altering means or
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to the restrictor means, and means to determine the rate of pressure change within

the container while the container is connected to the restrictor means.

A device for determining the change in volume of air space within a container
between two readings, comprising means to connect the device to the container,
means to alter the gas pressure within the container, gas flow restrictor means, valve
means to connect the container either to the pressure altering means or to the
restrictor means, means to measure pressure within the container, and means to
determine the rate of pressure change within the container while the container is

connected to the restrictor means.

A device for determining the change in volume of liquid within a container between
two readings, comprising means to connect the device to the container, means to alter
the gas pressure within the container, gas flow restrictor means, valve means to
connect the container either to the pressure altering means or to the restrictor means,
means to measure pressure within the container, and means to determine the rate of
pressure change within the container while the container is connected to the restrictor

means.

A device according to any one of claims 1 to 6, wherein the means to determine the

rate of pressure change comprises a pressure transducer.

A device according to claim 7, wherein the pressure transducer measures the pressure

difference across the restrictor means.

A device according to any one of the preceding claims, further comprising means to

measure absolute pressure.
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10. A device according to any one of the preceding claims, comprising a pressure
transducer for measuring absolute pressure, wherein the valve means is operable to

connect the pressure transducer either to the interior of the container or to ambient air.

11. A device according to claim 9 or claim 10, wherein the device or a separate
computing device comprises means to determine the effect of absolute pressure (and
optionally absolute temperature) on the rate of pressure change while the container is

connected to the restrictor means.

12. A device according to any one of the preceding claims, comprising a temperature
gauge.
13. A device according to any one of the preceding claims, wherein the means to

determine the rate of pressure change within the container determines the period
taken for the pressure within the container to change from a first value to a second

value while the container is connected to the restrictor means.

14. A device according to claim 13, wherein the first and second values are calculated by

calculating means.

15. A device according to any one of claims 1 to 12, wherein the means to determine the
rate of pressure change within the container determines the change in the pressure

within the container during a period of time.

16. A device according to any one of claims 1 to 12, wherein the means to determine the

rate of pressure change within the container measures pressure within the container at

a plurality of times and analyses the successive pressure values.
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A device according to any one of the preceding claims, comprising a display to

display at least one determined parameter related to the volume of air space or liquid

within the container.

A device according to any one preceding claim, comprising a memory to store at least
one determined parameter related to the volume of air space or liquid within the

container.

A device according to any one preceding claim, comprising an interface to interface
with an external computer system for storing and processing at least one determined

parameter related to the volume of air space or liquid within the container.

A device according to any one preceding claim comprising a computer to calculate at

least one parameter related to the volume of air space or liquid within the container.

A system comprising at least one computer and a plurality of devices according to

any one of the preceding claims.

A method of measuring the volume of a liquid in a container of known volume
comprising the steps of altering the pressure of gas within the interior of a container
and allowing the pressure within the container to start equilibrating with air of
another pressure through gas flow restrictor means whilst carrying out at least one
measurement of the rate of change of pressure within the container, thereby
calculating the volume of the container which is not occupied by the liquid and

thereby calculating the volume of the liquid.

A method of determining whether the volume of a liquid in a container of

substantially fixed volume has changed between first and second readings,
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comprising the steps of, for each reading, altering the pressure of gas within
the interior of the container and allowing the pressure within the container to start
equilibrating with air of another pressure through gas flow restrictor means whilst
carrying out at least one measurement of the rate of change of pressure within the
container, thereby calculating the volume of the air space within the container, and

then comparing the calculated air space volumes.

A method of determining a change in the volume of a liquid in a container of
substantially fixed volume between first and second readings, comprising the steps of,
for each reading, altering the pressure gas within the interior of the container and
allowing the pressure within the container to start equilibrating air of another pressure
through gas flow restrictor means whilst carrying out at least one measurement of the
rate of change of pressure within the container, thereby calculating the air space
volume, and then calculating the difference in the air space volumes between

readings.

A method according to any one of claims 22 to 24 wherein air of another pressure is

ambient air.

A method according to any one of claims 22 to 25 including the step of measuring
absolute pressure and taking this measurement into account in calculating the value to

be determined.

A method according to any one of claims 22 to 26, wherein the step of measuring the
rate of change of pressure within the container comprises measuring the period taken
for the pressure within the container to change from a first value to a second value

while the container is connected to the restrictor means..
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A method according to any one of claims 22 to 27, wherein the step of
measuring the rate of change of pressure within the container comprises determining

the change in the pressure within the container during a period of time.

A method according to any one of claims 22 to 28, wherein the step of measuring the
rate of change of pressure within the container comprises measuring the pressure
within the container at a plurality of times and analysing the successive pressure

values.

A method of calculating a charge to be issued in relation to the rental of a vehicle
having a fuel tank for containing fuel, the method comprising the steps of, on at least
two occasions, determining the volume of air space in the fuel tank, or a parameter
related thereto, thereby calculating the change in the amount of fuel between the
occasions, and issuing a bill dependant on the calculated change in the amount of

fuel.

A device to measure a volume of liquid held within a container of known volume,
comprising means to connect the device to the container, means to alter the gas
pressure within the container, gas flow restrictor means, valve means to connect the
container either to the pressure altering means or to the restrictor means, means to
measure pressure within the container,' and means to time a period taken for the
pressure within the container to change from a first predetermined value to a second

predetermined value while the container is connected to the restrictor means.

A device to measure a volume of liquid held within a container of known volume,
comprising means to connect the device to the container, means to alter the gas
pressure within the container, gas flow restrictor means, valve means to connect the

container either to the pressure altering means or to the restrictor means, means to
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measure pressure within the container, and measure the change in pressure within
the container to change during a period while the container is connected to the

restrictor means.

A device according to claim 31 or 32 comprising means to measure absolute pressure,

wherein absolute pressure is taken into account in determining the volume of liquid.

A method for measuring a volume of liquid held within a container of fixed volume,
comprising the steps of providing a device according to claim 31 or claim 33 when
dependent on claim 31, connecting it to an aperture of the container, connecting the
pressurising means to the container and raising the pressure therein to above a first
predetermined value, connecting the container to the gas flow restrictor means so as
to allow gas from the container to exit therethrough, timing the period taken for the
pressure within the container to fall from said first predetermined value to a second
predetermined value, and calculating from said period a gas volume and hence a

liquid volume within the container.

A method for measuring a volume of liquid held within a container of fixed volume,
comprising the steps of providing a device according to claim 32 or claims 33 when
dependent on claim 32, connecting it to an aperture of the container, connecting the
pressurising means to the container and raising the pressure therein to above a first
predetermined value, connecting the container to the gas flow restrictor means so as
to allow gas from the container to exit therethrough, measuring the change in pressure
within the container during a -period and calculating from said change in pressure a

gas volume and hence a liquid volume within the container.
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(57) Abstract: A breast pump according to the present invention comprises: a
fastening housing, which is tastened to a breast of a lactating woman, which
has a protrusion formed in a part corresponding to a nipple of the lactating
woman so as to extend forwards, and which has a milk discharge hole formed
on the bottom surface of the protrusion near the end thereof; a cap connector
coupled in such a structure that the end side of the protrusion is covered, a
spacing space being provided between the same and the end surface of the
protrusion, and the cap connector having a milk outflow tube extending
downwards from the lower end of the milk discharge hole so as to communic-
ate with the spacing space; a funnel connector provided on the upper side of
the cap connector so as to have a concavely formed upper surface, thereby
having an inner space, the funnel connector having a communication channel
via which the inner space and the spacing space communicate with each oth -
er; a cover coupled so as to cover the inner space of the funnel connector; a
flow isolation membrane for isolating the space between the funnel connector
and the cover into upper and lower spaces; and an air tube via which air
flows into/out of the space between the cover and the flow isolation mem-
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
26111 7590 06/26/2024
STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C. FREDRICKSON, COURTNEY B
1101 K Street, NW
10th Floor | ART UNIT | PAPER NUMBER |
WASHINGTON, DC 20005 3783
DATE MAILED: 06/26/2024
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
17/181,057 02/22/2021 Jonathan OTOOLE 4944.0120006 4690

TITLE OF INVENTION: BREAST PUMP SYSTEM

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 09/26/2024

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verity whether entitlement to that
entity status still applies.
If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 40% the amount of undiscounted fees, and micro entity fees are 20% the amount of
undiscounted fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed. If an equivalent of Part B is filed, a request to reapply a previously paid issue fee must be
clearly made, and delays in processing may occur due to the difficulty in recognizing the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at
www.uspto.gov/PatentMaintenanceFees.
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via the USPTO patent electronic filing system.

By mail, send to: ~ Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate.
All further correspondence will be mailed to the current correspondence address as indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new
correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. Because electronic patent issuance may occur shortly after issue
fee payment, any desired continuing application should preferably be filed prior to payment of this issue fee in order not to jeopardize copendency.
Note: A certificate of mailing can only be used for domestic mailings of the
CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

26111 7590 06/26/2024 Certificate of Mailing or Transmission
STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C. I hereby certify that this Fee(s) Transmittal is being deposited with the United
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your submission, which may result in termination of proceedings, abandonment of the application, and/or expiration
of the patent.

92



Application No. Applicant(s)
. . 17/181,057 O'TOOLE et al.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
COURTNEY FREDRICKSON | 3783 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.} This communication is responsive to 12February2024.
(J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2. An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are See Continuation Sheet . As a result of the allowed claim(s), you may be eligible to benefit from the
Patent Prosecution Highway program at a participating intellectual property office for the corresponding application. For more
information, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to
PPHfeedback@uspto.gov.

4. Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) MAll b) (J Some* ¢) [J None of the:
1. Certified copies of the priority documents have been received.
2. (J Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

(O including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6.0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.(J Notice of References Cited (PTO-892) 5. Y] Examiner's Amendment/Comment

2. Information Disclosure Statements (PTO/SB/08), 6. ¥] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.0 Examiner's Comment Regarding Requirement for Deposit 7. [0 Other .

of Biological Material
4.0 Interview Summary (PTO-413),
Paper No./Mail Date.

/COURTNEY B FREDRICKSON/
Primary Examiner, Art Unit 3783

U.S. Patent and Trademark Office ]
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20240613

93



Continuation Sheet (PTOL-37) Application No. 17/181,057

Continuation of 3. The allowed claim(s) is/are: 1,3-22,24-25 and 28-34
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Application/Control Number: 17/181,057 Page 2
Art Unit: 3783

DETAILED ACTION
Notice of Pre-AlA or AIA Status
The present application, filed on or after March 16, 2013, is being examined
under the first inventor to file provisions of the AlA.
Information Disclosure Statement
The information disclosure statement (IDS) submitted is in compliance with the
provisions of 37 CFR 1.97. Accordingly, the information disclosure statement is being
considered by the examiner.
EXAMINER'S AMENDMENT
An examiner's amendment to the record appears below. Should the changes
and/or additions be unacceptable to applicant, an amendment may be filed as provided
by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be

submitted no later than the payment of the issue fee.

The application has been amended as follows:

Amend claim 6 as follows:

wherein the breast shield is configured to rotate smoothly around [[a]] the nipple
inserted into the nipple tunnel to provide a correct positioning of the breast shield onto
[[a]] the breast.

Amend claim 7 as follows:

wherein the breast shield is configured to present, in use, a single continuous surface to
[[a]] the nipple and [[a]] the breast.

Amend claim 22 as follows:

wherein the housing is configured to be shaped to fit inside a bra by having an outer
surface that is curved to fit contours of [[a]] the bra.
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Application/Control Number: 17/181,057 Page 3
Art Unit: 3783

Amend claim 32 as follows:

the guide lines are configured to enable a user to visually inspect whether that breast
shield is sized for [[a]] the nipple of the user when the nipple is placed in the nipple
tunnel.

Allowable Subject Matter

Claims 1, 3-22, 24, 25, and 28-34 are allowed over the prior art of record.

The following is an examiner’s statement of reasons for allowance: The claims in
this application are allowed because the prior art of record fails to disclose either singly
or in combination the claimed breast pump device.

The closest prior art of record is Silver (20020198489).

Regarding independent claim 1, Silver fails to teach among all the limitations or
render obvious guide lines that are configured to be aligned with the outside of the
nipple when a correct nipple alignment is achieved and to visually define a correct
spacing of the nipple from the side wall of the nipple tunnel, in combination with the total
structure and function as claimed. Instead, Silver teaches longitudinal stiffening ribs
(ribs 1160, 1164, 1166 in fig. 28) serve to reduce the tendency of the shield to expand
or contract along its length (paragraph 202). There is no indication in Silver whether or
not these ribs would be configured to visually define a correct spacing between the
nipple and the sidewall of the nipple tunnel.

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasons for Allowance.”
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Application/Control Number: 17/181,057 Page 4
Art Unit: 3783

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to COURTNEY FREDRICKSON whose telephone number
is (671)270-7481. The examiner can normally be reached Monday-Friday (3 AM - 5 PM
EST).

Examiner interviews are available via telephone, in-person, and video
conferencing using a USPTO supplied web-based collaboration tool. To schedule an
interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR) at http:/Awww.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, NATHAN PRICE can be reached on 571-270-5421. The fax phone number
for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of published or unpublished applications may be
obtained from Patent Center. Unpublished application information in Patent Center is
available to registered users. To file and manage patent submissions in Patent Center,
visit: https://patentcenter.uspto.gov. Visit https://www.uspto.gov/patents/apply/patent-
center for more information about Patent Center and
https://www.uspto.gov/patents/docx for information about filing in DOCX format. For
additional questions, contact the Electronic Business Center (EBC) at 866-217-9197
(toll-free). If you would like assistance from a USPTO Customer Service

Representative, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.
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/COURTNEY B FREDRICKSON/
Primary Examiner, Art Unit 3783
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symbol indicia)) GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
L30 17 3 AND (nipple WITH (US-PGPUB; USPAT; |OR ON ON 2023/03/24
(siz$4 spac$4 USOCR; FIT (AU, AP, 05:31 PM
dimension$4) WITH AT, CA, CH, CN, DD,
(mark$4 label)) DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
L31 2 ("20020198489").pn. (US-PGPUB; USPAT; |OR ON ON 2023/03/24
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L32

L33

L34

L35

L36

L37

L38

19

9837

23049

61

69

(breast WITH shield)
AND (size WITH
label$4)

(09/888322).APP.

1 AND (correct WITH
nipple WITH align$6)

a61m1/06-0697.cpc.

breast WITH pump

(35 34) AND ((line
indicat$4 indicia icon
signal signif$6) WITH
nipple WITH (placement
align$4 width siz$4)
WITH (proper$4
correct$4 appropriat$4))

(35 36) AND ((line
indicat$4 indicia icon
signal signif$6) WITH
nipple WITH (placement
align$4 width siz$4)
WITH (proper$4

USOCR; FIT (AU, AP,
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(USPAT; USOCR)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO:
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;

OR

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

05:34 PM

2023/03/24
05:55 PM

2023/03/24
05:56 PM

2023/10/06
02:29 PM

2024/03/12
05:15 PM

2024/03/12
05:16 PM

2024/03/12
05:17 PM

2024/03/12
05:57 PM

06/13/2024 05:35:19 PM
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correct$4 appropriat$4)) |JPO; DERWENT,;
IBM_TDB)
L39 173 ((("O'TOOLE") near3 (US-PGPUB; USPAT; |OR ON ON 2024/06/13
("Jonathan")) OR USOCR; EPO; JPO; 05:16 PM
(("ROLLO") near3 DERWENT)
("Adam")) OR
(("CARR") near3
("Andrew™))).INV.
L40 76 39 AND (line correct (US-PGPUB; USPAT; |OR ON ON 2024/06/13
spac$4).cim. USOCR; FIT (AP, AT, 05:16 PM
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT,;
IBM_TDB)
L41 42 39 AND (line correct (US-PGPUB; USPAT) |OR ON ON 2024/06/13
spac$4).cim. 05:16 PM
L42 0 ("16713099").pn. (US-PGPUB; USPAT) |OR ON ON 2024/06/13
05:20 PM
L43 1 ("6328709").pn. (US-PGPUB; USPAT) |OR ON ON 2024/06/13
05:22 PM
L44 2 ("16/713099").app. (US-PGPUB; USPAT) |OR ON ON 2024/06/13
05:23 PM
L45 1 ("20160022477").pn. (US-PGPUB; USPAT) |OR ON ON 2024/06/13
05:28 PM
L46 376301 breast.cim. (US-PGPUB; USPAT; |OR ON ON 2024/06/13
USOCR; FIT (AU, AP, 05:33 PM
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT,;
IBM_TDB)
L47 7245334  |pump$4.cim. (US-PGPUB; USPAT; |OR ON ON 2024/06/13
USOCR; FIT (AU, AP, 05:33 PM
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
L48 1027289 [shield.cim. (US-PGPUB; USPAT; |OR ON ON 2024/06/13
USOCR; FIT (AU, AP, 05:33 PM
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
L49 237305 interchang$6.cim. (US-PGPUB; USPAT; |OR ON ON 2024/06/13
USOCR; FIT (AU, AP, 05:34 PM
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
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GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
L50 14008312 [line.cim. (US-PGPUB; USPAT; |OR ON ON 2024/06/13
USOCR; FIT (AU, AP, 05:34 PM
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
L51 1017372 |spacing.clm. (US-PGPUB; USPAT; |OR ON ON 2024/06/13
USOCR; FIT (AU, AP, 05:34 PM
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
L52 14008312 |[line.cim. (US-PGPUB; USPAT; [OR ON ON 2024/06/13
USOCR; FIT (AU, AP, 05:34 PM
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
PE2E SEARCH - Search History (Interference)
Ref # Hits [Search Query DBs Default Plurals Brifish Time Stamp
Operator Equivalents
N1 76349 breast.cim. (US-PGPUB; USPAT) |OR ON ON 2024/06/13
05:34 PM
N2 480637 pump$4.cim. (US-PGPUB; USPAT) |OR ON ON 2024/06/13
05:34 PM
N3 148822 shield.clm. (US-PGPUB; USPAT) |OR ON ON 2024/06/13
05:34 PM
N4 57138 interchang$6.cim. (US-PGPUB; USPAT) [OR ON ON 2024/06/13
05:34 PM
N5 1665436 line.clm. (US-PGPUB; USPAT) |OR ON ON 2024/06/13
05:34 PM
N6 250019 spacing.clm. (US-PGPUB; USPAT) |OR ON ON 2024/06/13
05:34 PM
N7 1665436 line.clm. (US-PGPUB; USPAT) |OR ON ON 2024/06/13
05:34 PM
N8 0 N1 AND N2 AND N3 (US-PGPUB; USPAT) |OR ON ON 2024/06/13
AND N4 AND N5 AND 05:35 PM
N6 AND N7
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Notice

This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate,
complete, reliable or fit for specific purposes. Critical decisions, such as commercially relevant or
financial decisions, should not be based on machine-translation output.

DESCRIPTION WO2019080995A1

[0001]
13 TITLE

[0002]
17 BREAST PUMP

[0003]
21 TECHNICAL FIELD

[0004]

25 The present invention relates to a breast pump for pumping out human breast milk as well as a
breast cap, a milk collection container and a method for operating a breast pump.

[0005]

30 STATE OF THE ART Devices for pumping out human breast milk are well known.

37 Basically there are two different types: the first are operated manually, i.e. the negative pressure
required for pumping out is generated by manually operating the vacuum pump.

33 In the second types, the vacuum pump is electrically operated.

34 These vacuum pumps are connected to a breast shield either directly or via a vacuum line.

35 The breast shield has an interior to accommodate the mother's breast or her nipple. The
negative pressure is transferred to the interior via a first line, the pumped milk flows via a
second line into a milk collection container.
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[0006]

41 WO 2016/014494 Al and WO 2016/014469 Al describe a compact breast pump in which
pumped milk is transported into a milk collection container under positive pressure.

43 For this purpose, for example, a milk pipe is cyclically squeezed. WO 201 1/035447 Al discloses
a breast pump in which the vacuum line simultaneously forms the milk line. The pumping
chamber, in which the negative pressure is generated, fills with milk during pumping, so that the
pumping system changes from a pneumatic system to a hydraulic system and the milk that has
already been pumped out becomes the working fluid. So that the pump chamber can fill with
milk, a valve is arranged at the outlet of the pump chamber, which leads to the milk collecting
container. This valve only opens at a certain pressure within the pump chamber, i.e. when the
pump chamber is sufficiently filled with milk.

[0007]

54 This combined pneumatic and hydraulic pump has several advantages.

55 The system has no or almost no dead volume. The pumping unit can be minimized because
once the system has been filled with milk, only a low pumping power is required to pump out
more milk. In particular, batteries with a lower capacity can be used than with pneumatic
vacuum pumps. The vacuum pump can therefore be made more cost-effective and smaller. The
breast pump is particularly suitable for so-called “hands-free” applications in which the breast
pump is worn on the body and no hands are needed to hold the breast shield. Due to the
minimized dead volume, the applied pressure is also easier to control. This means that
individually optimized pumping parameters can be selected for each mother.

[0008]

66 A breast pump is also described in WO 2013/049944 A2, which changes from a pneumatic to a
hydraulic pump system.

68 There is a pressure sensor in the pump chamber, which includes a flag attached to a flexible
membrane.

[0009]
73 PRESENTATION OF THE INVENTION

[0010]
77 It is therefore an object of the invention to optimize the breast pump mentioned above.
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[0011]

81 This task is solved by a breast pump according to claims 1, 8, 35, 36, 39 and 42, a milk
collection container according to claim 41, a breast shield according to claim 43 and a method
with the features of claim 44.

[0012]

87 In a preferred embodiment, the breast pump according to the invention for pumping out human
breast milk has a housing with a drive unit, a pump chamber with a flexible pump membrane
driven by the drive unit to generate a vacuum and a breast shield with an interior for receiving a
mother's breast.

91 The interior can be subjected to a cyclically changing negative pressure by means of the pump
chamber, with a milk channel leading from the interior through a first inlet opening into the pump
chamber, with pumped milk flowing from the interior of the breast shield through the milk
channel into the pump chamber, and with the pump chamber having an outlet opening , through
which the pumped milk flows from the pump chamber into a milk collecting container.

96 A multi-part hygiene module is present, the hygiene module having a first part with a flow
opening for connection to the interior, a valve body with at least one valve and a second part
with a rigid shell to form the pump chamber, the valve body between the first and second parts
is arranged and wherein the hygiene module as a whole can be sealingly and releasably
connected to the housing of the breast pump.

[0013]

104 This hygiene module has a compact design.

105 It is easy to assemble and disassemble, making it easy to clean the relevant parts of the breast
pump.

107 The use of a valve body in the hygiene module makes manufacturing, assembly and cleaning
even easier.

[0014]

112 The rigid shell preferably has a milk path which extends from the pump chamber into a milk
collecting container and which runs at least over a partial area perpendicular to a drive axis of
the pump membrane.

115 The milk path preferably runs in a plane perpendicular to the drive axis, the milk path in this
plane extending over at least half of the height of the pump chamber, preferably over the entire
height of the pump chamber.

118 The course of this milk path makes it possible to at least partially, preferably completely fill the
pumping chamber with pumped milk, so that during pumping there is a change from a
pneumatic pumping system to a mixed or even completely hydraulic pumping system.

28-02-2024 3

126



[0015]

124 Preferably, the valve body has at least one flow valve and one ventilation valve.

125 Preferably, the valve body is formed in one piece from a flexible material. This makes
manufacturing, assembly and cleaning easier.

[0016]

130 Preferably the first part is a component of the breast shield.

131 This means that the breast pump can be made compact and the hygiene module can be easily
attached to the breast pump without the breast shield also having to be installed.

[0017]
136 The breast shield preferably has a flange for a detachable connection to the housing.

[0018]

140 The connection to the housing can be established in a particularly simple manner if it is positive
and non-positive, preferably a bayonet lock.

142 In a further preferred embodiment, the breast pump according to the invention for pumping out
human breast milk has a breast shield with an interior for receiving a mother's breast and a
pump chamber, the interior being able to be subjected to a cyclically changing negative
pressure by means of the pump chamber.

146 A milk channel leads from the interior through a first inlet opening into the pump chamber,
through which pumped milk flows from the interior of the breast shield into the pump chamber.
The pump chamber has an outlet opening through which the pumped milk flows from the pump
chamber into a milk collecting container. When the breast pump is in the vertical position of
use, the outlet opening is arranged in an upper region of the pumping chamber and/or above
the inlet opening, at least at the beginning of a pumping process.

[0019]

155 This means that the pump chamber can be almost completely filled with milk and the system
can be converted from a pneumatic to a hydraulic or mixed pneumatic/hydraulic system within
a very short time.

158 The same drive power for the pumping means, e.g. B. the pump membrane, leads to a greater
pump performance, i.e. to a higher negative pressure in the pump chamber and thus in the
interior of the breast shield. Batteries with a lower capacity can be used. This reduces
manufacturing costs, increases the overall service life of the pump and minimizes the size of
the drive unit.
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[0020]

166 The milk channel preferably forms a vacuum channel for applying the cyclically changing
negative pressure to the interior of the breast shield.

168 This means that the vacuum is first applied via the same line or channel and the milk is then
sucked out. The same line or channel is used for both working fluids, i.e. Air and milk, used.

[0021]

173 Depending on the embodiment, the pump is a piston pump, a diaphragm pump or another type
of vacuum pump.

175 Preferably, however, the pump chamber has a rigid first shell and a flexible pump membrane,
wherein the pump membrane lies sealingly against the first shell and wherein the pump
membrane is driven and by its movement relative to the first shell a negative pressure can be
generated in the pump chamber. A flexible media separation membrane is preferably arranged
between the rigid shell and the flexible pump membrane, so that the pump membrane is
protected from contact with pumped milk. Milk and air that are present in the breast shield only
reach the media separation membrane. The pump membrane and the other parts of the breast
pump are therefore protected from contamination.

[0022]

186 The media separation membrane can be easily separated from the pump membrane.

187 It is preferably part of the hygiene module already mentioned. The media separation membrane
can preferably be separated from the remaining parts of the hygiene module and thus cleaned
in a simple manner. The remaining parts of the hygiene module can also be separated from
one another as necessary so that they can be cleaned and then put back together in a simple
manner and preferably without tools and used again.

[0023]

195 The first shell preferably has an outlet channel which extends from the outlet opening of the
pump chamber to an outlet, the outlet channel extending at least over a partial area in a
direction perpendicular to the direction of movement of the pump membrane.

198 It preferably runs in a plane perpendicular to this direction of movement, with the channel
preferably extending over at least half the height of the pump chamber, preferably over the
entire pump chamber.

[0024]
204 In other embodiments, the channel is partially or completely designed as a closed channel.
205 Preferably, however, the pump membrane or, if present, the media separation membrane
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closes the outlet channel of the rigid first shell to form a channel that is closed except for the
release opening and the outlet.

[0025]
211 The trough preferably extends adjacent to the pump chamber and not within it.

[0026]

215 In a preferred embodiment, the breast shield has a first passage opening, which forms part of
the milk canal, the passage opening being arranged in an upper region of the interior when the
breast shield is in the position of use, at least at the beginning of the pumping process, so that
the interior below the first passage opening with pumped milk Milk can be filled.

[0027]

222 This allows the breast shield to be partially or completely filled with milk at the start of the
pumping process.

224 This massively shortens the time until switching to the hydraulic pump system.

225 Usually, the interior of the breast shield is filled first and then the pump chamber before the milk
reaches the milk collection container for the first time.

[0028]

230 Preferably, the milk channel can be closed by means of a first valve in order to remove the
pumped milk from the pumping chamber at the end of the pumping process.

232 This valve is preferably the same valve that opens and closes automatically when the milk is
pumped out.

234 It is now permanently closed for emptying. Depending on the embodiment, the closure takes
place manually or automatically, e.g. B. using the electronic control of the breast pump. If a
valve is arranged subsequently, the first valve can always be open during the pumping
process.

[0029]

241 Preferably, there is an emptying channel between the interior of the breast shield and the pump
chamber, which runs separately from the milk canal, the emptying channel being closable by
means of a second valve.

244 The emptying channel is closed during the pumping process and is open at the end of the
pumping process. Depending on the embodiment, this is also done manually or automatically.
The second valve preferably functions in the same or similar way as the first valve. It is
preferably designed identically. It opens and closes during the pumping process when
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emptying the breast shield in the same way as the first valve when pumping breast milk from
the mother's breast. If a valve is arranged subsequently, the second valve can always be open
during the emptying process.

[0030]

254 Preferably there is also a ventilation valve for ventilating the interior of the breast shield.

255 This is also preferably always closed during the pumping process and is opened manually or
automatically to make emptying the breast shield easier.

[0031]
260 Preferably, the ventilation valve can be closed together with the second valve and can be
opened together with it.

[0032]

265 In a preferred embodiment, a third valve is present which maintains a basic negative pressure
when the cyclically changing negative pressure in the interior of the breast shield increases.

267 The pressure in the interior of the breast shield is therefore below atmospheric pressure
throughout the entire pumping process and preferably also during emptying.

269 This reduces the strain on the nipple and has a positive effect on the flow of milk from the
mother's breast.

[0033]

274 There is preferably a fourth valve in the milk channel, which opens and closes in accordance
with the negative pressure applied.

276 This fourth valve is arranged downstream of the first valve in the direction of pumping out the
milk. However, the fourth valve can also be formed by the first valve, as already described
above. However, if it is downstream, it can be designed, for example, as a flutter valve in the
valve body.

[0034]

283 Preferably, there is a fifth valve in the emptying channel, which opens and closes in
accordance with the negative pressure applied.

285 This fifth valve is arranged downstream of the second valve in the direction of emptying the
milk. The fifth valve can be formed by the second valve as described above. If it is
downstream, it can be, for example, a flutter valve in the valve body.
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[0035]

291 Preferably at least one part, preferably all of the valves mentioned are arranged in a common
valve body.

293 This makes manufacturing easier and minimizes costs.

[0036]
297 The valve body is preferably designed in one piece and flexible.
298 It is preferably made of silicone.

[0037]

302 The breast pump preferably has a pump housing with a drive for the pump membrane, the rigid
first shell being detachably connected to the pump housing.

304 This makes assembly easier, even after cleaning by the mother.

[0038]

308 Preferably, the first rigid shell is part of a multi-part module which can be connected together to
the pump housing, the module further having at least the valves mentioned.

370 This module is preferably the hygiene module mentioned above.

[0039]

314 Preferably, the first rigid shell is part of an adapter part, with the valve body being held in a
receptacle of the adapter part.

316 This makes assembly easier and, in particular, enables a modular structure and the use of a
hygiene module.

[0040]

321 Preferably, the module further comprises a manual actuation means for simultaneously
actuating the first and second valves.

323 Manually operating the two valves is a cost-effective and reliable solution. Preferably, the
adapter part and the actuating part cannot be detached from one another in a non-destructive
manner. This ensures that the module is always put together correctly and can only be used
together with all elements. Preferably, the breast pump has a pump housing, wherein the
breast shield can be releasably attached to the pump housing and by attaching the breast
shield to the pump housing, parts which lie between the breast shield and the pump housing
are sealingly connected to one another, so that a tight connection between the pump chamber
and the interior of the breast shield arises. The breast shield is easy to hold by hand, making it
easier to assemble the pump. Since the remaining parts also fit tightly due to the attachment of
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the breast shield to the pump housing, the breast pump is ready for use with a single
movement, namely the attachment of the breast shield to the pump housing.

334 The individual parts can be removed just as easily for cleaning. Preferably the breast shield
and the valve body are part of the module.

[0041]

339 The breast pump preferably has a pump housing to which the breast shield can be releasably
attached, the breast pump further having a milk collecting container which can be attached to
the pump housing by means of a snap lock.

342 Fastening the milk collection container using a snap lock is unconventional. Twist locks are
usually used. Thanks to the snap closure, the container can be designed differently and, in
particular, can be attached and removed more quickly.

[0042]

348 The milk collecting container preferably has a base body and a lid, the lid being at least partially
air-permeable and liquid-impermeable.

350 This lid thus forms a valve which is used for ventilation, but which also allows the container to
be turned upside down without loss of liquid. The lid preferably has an air-permeable and
liquid-impermeable membrane. Preferably, the lid is clamped between the milk collection
container and the pump and can be positioned using spacer pins. In addition, the lid is
preferably provided with a one-way valve, which leads from the pump chamber into the milk
collecting container.

[0043]

359 In a preferred embodiment, the breast pump for pumping out human breast milk has a breast
shield with an interior for receiving a mother's breast and a pump chamber, wherein the interior
can be subjected to a cyclically changing negative pressure by means of the pump chamber.

362 A milk channel leads from the interior through a first inlet opening into the pump chamber,
through which pumped milk flows from the interior of the breast shield into the pump chamber.
The pump chamber has an outlet opening through which the pumped milk flows from the pump
chamber into a milk collecting container. An emptying channel is present between the interior
of the breast shield and the pumping chamber, which runs separately from the milk canal, the
emptying channel being closable by means of a valve, the emptying channel being closed
during the pumping process and being open at the end of the pumping process. This makes it
easy to remove milk from the breast shield at the end of the pumping process. The emptying
channel is preferably subjected to a negative pressure by means of the pump chamber in
order to actively pump out the milk and force it into the milk collecting container.
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[0044]

375 In a preferred embodiment, the breast pump for pumping out human breast milk has a breast
shield with an interior for receiving a mother's breast and a pump chamber, wherein the interior
can be subjected to a cyclically changing negative pressure by means of the pump chamber.

378 A milk channel leads from the interior through a first inlet opening into the pump chamber,
through which pumped milk flows from the interior of the breast shield into the pump chamber.
The pump chamber has an outlet opening through which the pumped milk flows from the pump
chamber into a milk collecting container. The breast pump has a pump housing, a pump
membrane and a module, the module having at least one rigid shell to form the pump chamber
and the breast shield. The module can be attached as a unit to the pump housing, creating a
tight connection between the pump chamber and the interior of the breast shield and the pump
membrane being held sealingly between the module and the pump housing. This makes it
easier for the mother to clean the relevant parts of the breast pump and to assemble it after
such cleaning.

[0045]

397 The module preferably also has a valve body which is arranged between the breast shield and
the rigid shell.

393 The valve body and the corresponding areas of the first and second parts, which preferably
have sealing seats for the valves of the valve body, form a common valve unit, also called a
valve construct.

[0046]
399 Preferably, the module further has a manual actuation means for actuating at least one valve of
the valve construct.

[0047]

404 In a preferred embodiment, the breast pump for pumping out human breast milk has a breast
shield for receiving a mother's breast, a pump housing and a milk collecting container, the
pump housing being detachably connectable to the breast shield on the one hand and
detachably connected to the milk collecting container on the other hand.

408 The milk collection container can be attached to the pump housing using a snap lock.

[0048]

412 This breast pump preferably has a pump chamber and a milk channel through which pumped
milk flows from an interior of the breast shield into the pump chamber, the pump chamber
having an outlet which is connected to the milk collecting container and through which the
pumped milk flows into the milk collecting container.
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[0049]

419 In a preferred embodiment, there is a milk collecting container according to the invention for
connection to a pump housing of a breast pump for pumping out human breast milk, the milk
collecting container having a lid which faces the pump housing and which is permeable to air
and impermeable to liquids at least in one area.

[0050]

426 In a preferred embodiment, the breast pump for pumping out human breast milk has a breast
shield for receiving a mother's breast and a pump housing, the breast shield being detachably
connectable to the pump housing.

429 The breast shield can be connected to the pump housing using a bayonet lock.

430 In a preferred embodiment, a breast shield according to the invention is present, which is used
to attach to a pump housing of a breast pump.

432 The breast shield has an interior for receiving the mother's breast and a connector for
attachment to the pump housing, the connector being provided with a bayonet lock.

[0051]

437 In a preferred variant of a method according to the invention for operating a breast pump for
pumping out human breast milk, the breast pump has a breast shield with an interior for
receiving a mother's breast and a pump chamber, the interior being subjected to a cyclically
changing negative pressure by means of the pump chamber.

441 In a first pumping phase, the interior is subjected to the cyclically changing negative pressure in
order to pump milk from the mother's breast, the interior being filled with pumped milk without
any pumped milk flowing out of the interior.

444 In a second pumping phase, pumped milk flows from the interior into the pumping chamber and
the pumping chamber is filled with pumped milk. In a third pumping phase, the pumped milk
flows from the pump chamber into a milk collecting container, with the interior and the pump
chamber remaining filled with pumped milk. The change from the second pumping phase to
the third pumping phase occurs when a level of the pumped milk reaches an outlet opening
which leads from the pumping chamber to the milk collecting container, whereby milk flows
through the outlet opening from the pumping chamber into the milk collecting container.

[0052]

454 Thanks to this process, the pumping system switches relatively quickly from a pneumatic to a
hydraulic or predominantly hydraulic pumping system.

456 This means that smaller drives and less powerful motors can be used.
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[0053]
460 Preferably, the first pumping phase is a completely or predominantly pneumatic pumping phase
and the second pumping phase is a completely or predominantly hydraulic pumping phase.

[0054]

465 In a preferred variant of the method, the interior space is almost completely filled in the first
pumping phase.

467 In a preferred variant, the interior and/or the pumping chamber are almost completely filled with
pumped milk in the second and/or third pumping phase.

[0055]

472 Preferably, the change from the first pumping phase to the second pumping phase takes place
in that a filling level of the pumped milk reaches a first through-opening, which leads from the
interior to the pumping chamber, whereby milk flows through the first through-opening from the
interior into the pumping chamber.

[0056]
479 In the third pumping phase, the pumped milk preferably flows through the first through opening
into the pump chamber and through the outlet opening into the milk collecting container.

[0057]

484 Preferably, in a fourth pumping phase, the interior is emptied and the milk that has already
been pumped out is guided from the interior to the milk collecting container through a second
through opening.

[0058]

490 Preferably, the first through opening can be closed with a first valve and the second through
opening can be closed with a second valve, the second through opening being always closed
during the first to third pumping phases.

493 Preferably, the first through opening is always closed during the fourth pumping phase.

[0059]
497 Preferably, the second through opening leads from the interior into the pump chamber and is in
fluid communication with the outlet opening via the pump chamber.
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[0060]

s0z Preferably, a base negative pressure is maintained during at least part of the pumping phases,
preferably during the first, second and third pumping phases.

s04 Preferably, a third valve is present, which first opens and then closes when the pressure of the
cyclically changing negative pressure increases towards atmospheric pressure, thereby
maintaining the basic negative pressure.

s07 Further embodiments and variants of the method are specified in the dependent claims.

[0061]

517 The individual elements listed in the claims can also be combined to form other combinations
without having to adopt all the features of the claims.

513 In particular, individual elements can also be used in purely pneumatic breast pumps,
especially in pneumatic membrane breast pumps.

[0062]
518 BRIEF DESCRIPTION OF THE DRAWINGS

[0063]

522 Preferred embodiments of the invention are described below with reference to the drawings,
which serve only for explanation and are not to be interpreted in a restrictive manner.

524 Shown in the drawings:

[0064]
528 Figure 1 is a perspective view of a breast pump according to the invention,

[0065]
532 Figure 2 is an exploded view of the breast pump according to Figure 1 in a perspective view;

[0066]

536 Figure 3 is an exploded view of the breast pump according to Figure 1 in a further perspective
view; Figure 4 shows a partial section through the breast pump according to Figure 1 in a first
perspective view;

[0067]
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s42 Figure 5 shows a partial section through the breast pump according to Figure 1 in a second
perspective view;

[0068]
547 Figure 6 shows a longitudinal section through a hygiene module, attached to a

[0069]
551 Carrier module of the breast pump according to Figure 1 in an exploded view; Figure 7 is a
perspective view of the assembled hygiene module according to Figure 6;

[0070]
556 Figure 8a is a perspective view of a breast shield of the breast pump according to

[0071]
se0 Figure 1;

[0072]
s64 Figure 8b shows a partial section through the breast shield according to Figure 8a;

[0073]
se68 Figure 9a is a perspective view through a valve body of the breast pump according to Figure 1;

[0074]
s72 Figure 9b shows a partial section through the valve body according to Figure 9a;

[0075]
s76 Figure 9c shows a longitudinal section through the valve body according to Figure 9a;

[0076]
ss0 Figure 9d is a view of the valve body according to Figure 9a;

[0077]
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s84 Figure 10a is a perspective view of an adjusting ring of the breast pump according to

[0078]
ses Figure 1;

[0079]
s92 Figure 10b is a view of the adjusting ring according to Figure 10a;

[0080]
s96 Figure | la is a perspective view of an adapter part of the breast pump according to

[0081]
600 Figure 1 from a first page;

[0082]
604 Figure 1lb shows a partial section through the adapter part according to Figure I1a;

[0083]
608 Figure 11c is a perspective view of the adapter part according to Figure 11a from a second side;

[0084]
612 Figure 12a is a perspective view of a media separation membrane

[0085]
616 Breast pump according to Figure 1 from a first side;

[0086]
620 Figure 12b is a perspective view of the media separation membrane according to Figure

[0087]
624 12a from a second page;
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[0088]

628 Figure 12c shows a longitudinal section through the media separation membrane according to
Figure 12a; Figure 13a is a perspective view of a pump membrane of the breast pump
according to Figure 1 from a first side;

[0089]

634 Figure 13b is a perspective view of the pump membrane according to Figure 13a from a
second side; Figure 13c shows a longitudinal section through the pump membrane according
to Figure 13a;

[0090]
640 Figure 14 is a perspective view of a carrier module of the breast pump according to Figure 1;

[0091]
644 Figure 15 is a perspective view of an upper frame part

[0092]
648 Milk collection container of the breast pump according to Figure 1;

[0093]
652 Figure 16 shows a longitudinal section through the upper frame part according to Figure 15
with a

[0094]

657 container valve;

[0095]

661 Figure 17 is a perspective view of a vessel in the milk collection container of the breast pump
according to Figure 1; Figure 18 shows a schematic representation of the pump system
according to the invention

[0096]
667 applying negative pressure;
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[0097]
671 Figure 19a shows the pump system shown schematically according to Figure 1 in the

[0098]
675 Activation of the mother's breast in a first lifting position;

[0099]

679 Figure 19b shows the pump system according to Figure 19a in a second lifting position;

[0100]
683 Figure 19c is a graphical representation of the pressure within a breast shield

[0101]

687 Change from the first lifting position to the second lifting position according to Figures 19a and
19b; Figure 20a shows the pump system according to Figure 19a at the beginning of the milk
flow from the

[0102]
693 chest in a first lifting position;

[0103]
697 Figure 20b shows the pump system according to Figure 20a in a second lifting position;

[0104]
701 Figure 20c is a graphical representation of the pressure within a breast shield

[0105]
705 Change from the first lifting position to the second lifting position according to Figures 20a and
20b;

[0108]
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710 Figure 21a shows the pump system according to Figure 19a during the continuous

[0107]
714 milk flow from the breast in a first lifting position; Figure 21b shows the pump system according
to Figure 21a in a second lifting position;

[0108]
719 Figure 21c is a graphical representation of the pressure within a breast shield

[0109]
723 Change from the first lifting position to the second lifting position according to

[0110]
727 Figures 21a and 21b;

[0111]
731 Figure 22a shows the pump system according to Figure 19a when the milk flow ends in a first
stroke position;

[0112]
736 Figure 22b shows the pump system according to Figure 22a in a second lifting position;

[0113]
740 Figure 22c¢ is a graphical representation of the pressure within a breast shield

[0114]
744 Change from the first lifting position to the second lifting position according to

[0115]
748 Figures 22a and 22b;

[0116]
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752 Figure 23a shows the pump system according to Figure 19a when emptying in a first

[0117]
756 lifting position;

[0118]

760 Figure 23b shows the pump system according to Figure 23a in a second lifting position and
Figure 23c shows a graphic representation of the pressure within a breast shield

[0119]
765 Change from the first lifting position to the second lifting position according to

[0120]
769 Figures 23a and 23b.

[0121]
773 DESCRIPTION OF PREFERRED EMBODIMENTS

[0122]
777 A preferred embodiment of the breast pump according to the invention is shown in FIGS. 1 to
17.

[0123]
782 The overview of the individual components

[0124]

786 As can be seen in Figure 1, the breast pump has a compact structure.

787 It has a pump housing 8 with a breast shield 2 attached to it and a milk collecting container 9
also attached to the pump housing 8.

789 A motor with a force transmission element, for example a spindle, is arranged in the pump
housing 8.

791 The pump housing 8 also contains at least one electronic control for controlling the motor,
actuation switch 86 for actuating the pump and an energy storage device.

793 Figures 2 and 3 show an exploded view of this breast pump.
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794 It includes the mentioned breast shield 2 for receiving the mother's breast, a valve body 3 made
of a flexible material, in particular silicone, an adapter part 4, a two-part adjusting ring 5, a
media separation membrane 6, a pump membrane 7, a carrier module 8', which is part of the
pump housing 8 as well as the already mentioned milk collection container 9.

[0125]
801 The milk collection container

[0126]

805 The milk collecting container 9 can preferably be latched onto the underside of the pump
housing 8, preferably it can be releasably attached in a pivoting manner.

go7 Corresponding latching elements 901, 902 can be seen in FIG. 17.

soge The pump housing 8 has matching latching elements, but not shown here.

[0127]

812 The milk collecting container 9 has a vessel 90 with an interior 900 for receiving the pumped
milk (see Figure 17).

814 This vessel 90 is open at the top and can be closed with a lid.

815 The lid includes a rigid lower frame member 91, a rigid, semi-rigid or flexible cover 92 and a
rigid upper frame member 93.

817 The lower frame part 91 corresponds to the shape of the circumference of the opening of the
vessel 90 and lies sealingly on it.

819 The rigid upper frame part 93 clamps the cover between the lower and upper frame parts 91,
93.

821 Preferably, the two frame parts 91, 93 are glued together, welded or cannot be separated from
one another in a non-destructive manner.

823 The cover 92 is a film or other membrane-like part which is permeable to air but impermeable
to liquids.

825 Air can therefore escape from the vessel 90, but no liquid can escape.

[0128]

829 The upper frame part 93 preferably also corresponds in shape to the shape of the vessel 90, in
particular its frame 930 corresponds to the shape of the lower frame part 91.

831 It is shown in detail in Figures 15 and 16.

832 In the frame 930 there are 92 struts 931 to reinforce and protect the cover.

833 A handle 933 makes lifting the lid easier.

834 Spacer pins 934, which are arranged on the frame 930 and protrude beyond it, ensure a
distance from the pump housing 8 when the milk collecting container 9 is mounted, so that air
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can escape from the container interior 900 into the environment.
837 A valve receptacle 932 is formed on the upper frame part 93 and forms the only liquid access
into the interior of the vessel 90.

[0129]

842 A container valve 94, which is designed as a one-way valve, is arranged in this valve
receptacle 932.

844 This means that when the lid is closed, liquid can only get into the milk collecting container 9,
but not out.

846 The container valve 94 is preferably a duckbill valve as shown here.

[0130]
850 The hygiene module

[0131]

854 A hygiene module according to the invention is shown in Figures 6 and 7.

855 It includes at least the connector 23 of the chest tube 2, the valve body 3, the adapter part 4
and the adjusting ring 5.

857 As shown here, it can also include a flexible media separation membrane 6.

858 If the breast shield is made in one piece, it is part of the hygiene module as a whole.

859 The parts mentioned can, as shown in Figures 6 and 7, be put together to form a common
assembly and releasably fastened together in the carrier module 8 '.

8e1 For this purpose, the connector 23 of the breast shield 2 can preferably be fastened in a
positive and non-positive manner in corresponding receptacles, here two opposite side arms
80, of the carrier module 8 '.

864 The connection is preferably made via a bayonet lock, as shown here.

865 The connector 23 has a corresponding flange 22, the side arms 80 of the carrier module &'
have corresponding receptacles for the flange and the other elements of the bayonet lock.

[0132]

870 Thanks to the attachment of the breast shield to the carrier module 8 'and thus to the pump
housing 8, the parts in between, i.e. the valve body 3, the adapter part 4 and the media
separation membrane 6 of the hygiene module as well as the pump membrane 7, are also
tightly connected to one another.

[0133]
877 The adjusting ring 5 is preferably not detachably attached to the adapter part 4 in a non-
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destructive manner, and can be pivoted relative to the adapter part 4 about the longitudinal
central axis of the hygiene module.
8so The individual parts of the device and their interaction are described below.

[0134]
884 The breast shield

[0135]

8ss The breast shield 2 is shown in Figures 8a and 8b.

889 It is used to hold the mother's breast.

890 It has a funnel 20 for resting on the mother's breast and an interior 200, which can be subjected
to a cyclically changing negative pressure and in which the mother's breast or at least the
nipple is received.

893 The breast shield is preferably made in one piece and preferably from a rigid or semi-rigid
plastic.

895 However, it can also be made in several parts.

896 It can also be used with a soft liner, e.g.

897 B. with a breast shield insert made of soft silicone.

898 The funnel 20 is followed by a connector 23 with an at least partially circumferential flange 22,
which forms part of the bayonet lock mentioned.

900 The interior 200 merges into a through opening 21 on the side of the nozzle 23 facing away
from the chest, which forms a channel running in the central longitudinal axis.

902 On the connector 23, on the side of the flange 22 facing away from the chest, there is a recess
on two diametrically opposite sides.

[0136]

907 A first outlet opening 24 and an angular first flow opening 25 are present in the first recess.

908 The first outlet opening 24 leads from the interior 200 to the outside of the nozzle 23, more
precisely into the first recess.

910 The first flow opening 25 leads from this first recess in a preferably rectangular channel to the
free end face of the nozzle 23 facing away from the chest.

972 On the circumference of the nozzle 23 there is a ventilation opening 26 next to the first outlet
opening 24, but outside the first recess.

914 This leads from the interior 200 to the outside.

[0137]
918 On the diametrically opposite side of the nozzle 23 there is an analogous second recess with a
second outlet opening 27 and a second passage opening 28, which are designed in the same
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way as the first openings.

921 Furthermore, a second ventilation opening 29 is also present outside the second recess and
next to the second outlet opening 27.

923 This second ventilation opening 29 actually has no function but is closed when the device is
used as intended.

925 However, so that the breast shield 2 can also be mounted on the carrier module 8 'in a position
rotated by 180 °, all openings are arranged symmetrically.

[0138]
930 The valve body

[0139]

934 Figures 9a to 9d show the valve body 3.

935 The valve body 3 is made of a flexible material, preferably silicone.

936 It is preferably formed in one piece.

937 It has a hollow cylindrical base body 30 with a rear wall 31.

938 There is a through opening 32 centrally in the rear wall.

939 On the side facing away from the chest, the rear wall 31 has a groove 312 which runs annularly
around the through opening 32 and forms a sealing surface 310 on the opposite side near the
chest.

942 The circumferential edge of the through opening 32 is provided with a circumferential sealing lip
311 on the side facing away from the chest (see Figures 9b and 9c).

944 The area of the rear wall 31 within the circumferential sealing surface 310 thus forms a valve,
which, as explained further below, serves as a base vacuum valve.

[0140]

949 The base body 30 has a radially projecting positioning lug 33 on the side facing the chest.

950 A first knob 34 and a ventilation knob 35 are present on the jacket of the base body 3.

951 There is a second knob 36 diametrically opposite.

952 The three knobs protrude radially outwards.

953 The first knob 34 and the second knob 36 are solid, i.e. not hollow.

954 The ventilation knob 35 has a through opening from the interior of the base body 30 to the
outside.

[0141]

959 In the annular area of the rear wall 31 between the sealing surface 310 and the jacket of the
base body 30, diametrically opposed valve flaps are also present.

961 A first of these valve flaps is provided with the reference number 37, and a second of these
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valve flaps is provided with the reference number 38.
963 They are preferably located on the same diagonal as the first and second knobs 34, 36.

[0142]
967 The adjusting ring

[0143]

971 Figures 10a and 10b show the adjusting ring 5.

972 It is preferably stiff and preferably made of plastic.

973 The adjusting ring 5 preferably consists of two parts.

974 A first part 50 has the shape of a half ring and is provided with a first plug part 51 at both free
ends.

976 The second part 52 also has the shape of a half ring and is provided with a second plug part 53
at each of its free ends.

978 The first and two parts 50, 52 form a common ring and the two pairs of plug parts 51, 53 are
provided with latching elements 54 in order to preferably be permanently connected to one
another.

981 On the inner circumference of the ring there is a partially circumferential stop 55 which projects
radially inwards and which prevents the adjusting ring 5 from being removed again after
assembly on the adapter part 4.

984 A first and a second pressing element 56, 57 are formed on the inner wall of the adjusting ring.

985 These are preferably elevations projecting radially inwards, which merge via an inclined
surface, also called a ramp, into a surface running parallel to the inner surface of the ring.

987 An actuating lever 58 which projects towards the outside is formed on the first part 50.

[0144]
991 The adapter part

[0145]
995 Figures |1a to 11c¢ show the adapter part 4.
996 It preferably consists of a rigid material, preferably plastic.
997 It has a hollow cylindrical base body 40 with a substantially closed, flange-like wall 41 on the
pump side.
999 The base body 40 has a first window 400 and a diametrically opposite second window 401 in
its jacket.
1001 On the end face of the base body 40 near the breast cap there is a positioning aid 402, which
forms the counterpart to the positioning base 33 of the valve body 3 and which, together with
the positioning nose 33, serves to position the valve body 3 in a rotation-proof manner.
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[0146]

1007 The pump-side wall 40 extends in a direction, which is referred to here as downward, into a
channel wall 410.

1009 The pump-side wall also has a raised central wall part 42, which projects into the area near
the breast shield.

1011 On the opposite side of the wall part 42, i.e. facing the pump housing, a concave surface is
formed, which forms the already mentioned rigid shell and is part of the pump chamber 47.

[0147]

1016 A first through opening 43 and a second through opening 44 are present in the pump-side wall
41 between the raised wall part 42 and the jacket of the base body 40.

1018 The two through openings 43, 44 are diametrically opposed to one another.

1019 In this example they are circular.

1020 In the edge area of the raised wall part 42, but already on its elevation, a first backwash
opening 45 and a second backwash opening 46 are present.

1022 These are preferably elongated.

1023 These openings all lead into the pump chamber 47.

[0148]

1027 As can be seen in Figure 11c¢, the concave shell of the pump chamber 47 is surrounded by a
circumferential flat edge, which serves as a sealing surface.

1029 A channel 48 runs in this edge, which preferably begins at an uppermost point of the pump
chamber 47 and is in fluid-communicating connection with it via an outlet opening 480.

1031 The channel 48 runs along the circumference of the pump chamber 47, here in a part circle,
downwards to an outlet 49.

1033 The outlet 49 is located in the channel wall 410.

[0149]
1037 The media separation membrane

[0150]

1041 The media separation membrane 6 is shown in FIGS. 12a to 12c.

1042 It is designed to be flexible, is preferably made in one piece and is preferably made of silicone.

1043 It has a membrane surface 60, which is preferably provided in a known manner with at least
one annular groove.

1045 A central region 61 of the membrane surface is preferably raised and faces the adapter part 4.
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1046 The edge of the membrane surface 60 is designed as a sealing surface 62 and lies sealingly
against the edge of the adapter part 4, whereby the pump chamber 47 is formed.

1048 A channel 63 runs within the sealing surface 62 along the circumference of the media
separation membrane 6 and forms the sealing closure of the channel 48 of the adapter part
4.

1051 A recess 64 in the lower region of the media separation membrane 6 facing the pump housing
serves as a free space for a pressure sensor, which is described below.

[0151]

1056 The media separation membrane 6 preferably has, as shown in the figures, stiffeners in the
form of ribs, which ensure the functionality of the media separation membrane.

1058 This means that the ribs ensure that the membrane moves in the desired manner and still
always fits tightly against its neighboring parts.

1060 The pump membrane

[0152]

1064 The pump membrane 7 is shown in FIGS. 13a to 13c.

1065 It also has a membrane surface 70 and a central area 71.

1066 In contrast to the full-surface media separation membrane 6, the central region 71 of the pump
membrane 7 is provided with a through opening 72, the edge region of which preferably has
a reinforcement 73, here in the form of ribs.

1069 There is again a circumferential sealing surface 74 which, in the assembled state of the
device, rests sealingly on the corresponding surface of the carrier module 8 '.

1071 Qutside the sealing surface 74 there are side wings 77. When assembled, the side wings 77,
together with the circumferential flat sealing surface 74 (FIG. 13b), form a tight barrier against
liquids acting from the outside and thus protect the electronics.

[0153]

1077 The lower area of the pump membrane 7, which is still located within the closed
circumferential sealing surface 74, is designed as a pressure sensor.

1079 The pressure sensor comprises a sensor surface 75 in the form of a membrane, which is
connected to the membrane surface 70 via a connecting web, and a flag 76, which projects
vertically from the sensor surface in the direction of the pump housing. This type of pressure
sensor is described in WO 2013/049944 Al.

[0154]
1086 As can be seen in the figures, the media separation membrane 6 and the pump membrane 7
have similar shapes, in particular with regard to their movable areas to generate the negative

28-02-2024 26

149



pressure.
1089 The carrier module

[0155]

1093 The carrier module 8' is shown in Figure 14.

1094 It is held in an outer housing of the pump housing. The outer housing is visible in Figure 1.
Preferably, the carrier module 8' is screwed into this outer housing. The corresponding
fastening holes are provided with the reference number 84. The carrier module can be made
in one piece from plastic. However, it can also be made in several parts and/or from a
different material. The carrier module 8 'has two protruding side arms 10 with a bayonet lock
for receiving the breast shield 2. The side arms are arranged laterally on a spindle holder 82.
The spindle receptacle 82 has a through opening and a circumferential edge 85, which forms
the counterpart to the sealing surface 74 of the pump membrane 7. On the spindle holder 82,
a motor holder 81 is formed in the form of a shell. The motor holder 81 serves to hold an
electric motor, which is connected to a spindle 83 (see Figure 4).

[0156]

11707 How the assembled assembly works

[0157]

1111 Based on Figure 6 you can see how the individual openings and valves interact.

1112 The valve body 3 can be inserted into the hollow cylindrical base body 40 of the adapter part 4
in a rotational position.

1114 The adjusting ring 5 is already permanently connected to the adapter part 4, with the first
pressing element 56 protruding inwards through the first window 400 and the second
pressing element 57 protruding inwards through the second window 401. The first knob 34 of
the valve body 3 is located below the first window 400 and the second knob 36 is above the
first window 401. The valve flaps 37, 38 of the valve body 3 are each located above the first
and second through openings 43, 44 of the adapter part. The sealing lip 31 1 lies sealingly on
the raised wall part 42, with the first and second backwash openings being arranged in a tight
annular area between the groove 312 and the sealing lip 31 1.

[0158]

1125 If the breast shield 2 is now inserted, the first knob 34 lies above the first outlet opening 24 and
the ventilation knob 35 lies above the first ventilation opening 26.

1127 The second knob 36 lies above the second outlet opening 27. The second ventilation opening
29 is covered by the jacket of the valve body 4 and is therefore closed.
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[0159]
1132 If the breast shield 2 is now connected to the carrier module 8 ', the individual connections
between the channels and openings described are created and sealed from the outside.

[0160]

1137 In Figures 4 and 5 the breast pump according to the invention is shown in the assembled
state.

1139 As can be clearly seen, this system has virtually no dead space.

1140 In Figure 4 the spindle 83 can be seen, which drives the pump membrane 7. The media
separation membrane 6 has a shape which hugs the pump membrane 7, so that both
membranes 6, 7 move together and no losses occur here either. The pump housing 8, more
precisely the carrier module 8', has a rear wall 85, against which the pump membrane 7 lies
sealingly when the hygiene module is attached to the carrier module 8'. This can be clearly
seen in Figures 4 and 5. The adjusting ring 5 is pivotally arranged within the side arms 80,
with the actuating lever 58 also serving as a display element. It moves along a display 87,
which is attached to the pump housing 8 and which thus provides the user with information
about the position of individual valves and thus indicates the operating status of the pump.
This means that it is displayed whether the pump is ready for pumping or is in the emptying
state. This is explained below. By turning the adjusting ring 5, individual valves can be
opened and closed manually.

1152 More specifically, the first outlet opening 24 can be opened and closed manually together with
the first flow opening 25 as an alternative to the second outlet opening 27 together with the
second flow opening 28. The first ventilation opening 26 is opened and closed together with
the second outlet opening 27 and the second flow opening 28. The second ventilation
opening 29 always remains closed due to its position within the valve body 3.

[0161]

1160 If the breast shield 2 is positioned relative to the valve body 3 in such a way that the second
openings are at the position of the first openings, the second ventilation opening is of course
opened and closed instead of the first.

[0162]

1166 In a first position, which is selected at the beginning of the pumping process and throughout
the entire pumping process, the second knob 36 of the valve body 3 is pressed down by the
second pressing element 57 of the adjusting ring and lies on the recess and thus the second
outlet opening 27 and the second Flow opening 28 of the breast shield 2.

1170 In addition, the ventilation knob 35 is pressed onto the first ventilation opening 26 by the first
pressing element 56 and closes it.
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1172 The first knob 34 of the valve body 3, on the other hand, is released, so that the first outlet
opening 24 and the first flow opening 25 form a fluid-communicating channel from the interior
200 of the breast shield into the base body 30 of the valve body 3. This is best seen in
Figures 2, 3 and 6. In a second position, the adjusting ring 5 is rotated. The first pressing
element 56 releases the ventilation knob 35 and thus the first ventilation opening 26, but
presses the first knob 34 onto the recess and thus closes the first outlet opening 24 and the
first flow opening 25. The second pressing element 57 also releases the second knob 36, so
that the second outlet opening 27 and the second flow opening 28 now form an open,
continuous channel from the interior 200 of the breast shield 2 into the valve body 3. The
second outlet opening 27 and the second flow opening 28 form an emptying channel, which
will be described in more detail below. The mutual opening and closing preferably takes place
at the same time.

1184 However, it is also possible to arrange the pressing elements offset so that all openings are
closed in an intermediate state.

[0163]
1189 Pumping breast milk and emptying process

[0164]

1193 So that milk can be pumped out of the mother's breast, the actuating lever 58 and thus the
adjusting ring 5 are brought into the first position mentioned.

1195 By means of the drive, the pump membrane 7 is moved back and forth together with the
media separation membrane 6 to the adapter part 4, so that a negative pressure is created in
the pump chamber 47 and in the interior 200 of the breast shield 2.

1198 The vacuum line from the pump chamber 47 into the interior space 200 of the breast shield 2
is formed by the first through opening 43 in the adapter part 4, the opening in the valve body
3 covered by the first valve flap 37 and the channel formed by the first flow opening 25 and
the first outlet opening 24 in the breast shield. The base vacuum valve, formed, among other
things, by the sealing lip 31 1 of the valve body 3, enables a base negative pressure to be
maintained in the interior 200 of the breast shield 2 when the pump stroke runs towards
atmospheric pressure. The basic vacuum valve opens towards atmospheric pressure during
the pump stroke and only closes when a predetermined minimum pressure in the interior 200
is reached. The mode of operation is explained in more detail below using a diagram. The air
flows back into the breast shield 2 via the first and second backwash openings 45, 46 of the
adapter part 4, the through opening 32 of the valve body 3 and the through opening 21 of the
breast shield 2.

[0165]
1213 By applying this vacuum to the mother's breast, it is stimulated and milk flows from the breast
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into the interior 200 of the breast shield 2.

1215 The interior 200 fills until the milk level reaches the first outlet opening 24. The breast shield 2
is preferably held in such a way that this first outlet opening 24 is located in an upper region
of the breast shield 2.

[0166]

1221 The pumped milk then flows through the channel, formed by the first outlet opening 24 and the
first passage opening 25, and through the opening covered by the first valve flap 37 into the
adapter part 4, where it passes through the first through opening 43 into the pump chamber
47.

[0167]

1228 The pump chamber 47 also fills with milk until the outlet opening 480 located at the top is
reached.

1230 The milk then flows through the channel, formed by the channel 48 of the adapter part 4 and
the channel 63 or the cover of the media separation membrane 6, through the outlet 49 out of
the hygiene module and through the container valve 94 into the milk collecting container 9.

[0168]

1236 If the pump stroke creates a negative pressure towards atmospheric pressure, the base
vacuum valve opens first and allows a partial backflow of the air or milk in the interior 200.

1238 This partial backflow occurs through the first and second backwash openings 45, 46, the open
base vacuum valve, the through opening 32 and the through opening 21.

1240 The valve closes at a certain vacuum value in the interior so that the pressure cannot rise
further towards atmospheric pressure.

[0169]

1245 When the mother wants to stop pumping out the milk or when no more milk flows from the
breast, she pivots the adjusting ring 5 into the second position.

1247 The previously used vacuum and milk channel is closed by closing the first outlet opening 24
and the first passage opening 25. However, the second outlet opening 27, the second
passage opening 28 and the first ventilation opening 26 open. This changeover can take
place while the pump is running, i.e. with the pump membrane 7 still being driven. The pump
can also be switched off and then put back into operation. Since the pump now continues to
suck, the milk that is still in the interior 200 of the breast shield 2 and has already been
pumped out of the mother's breast is passed through the second release opening 27, the
second passage opening 28, the opening of the valve body 3 covered by the second valve
flap 37 and the second Through opening 44 of the adapter part 4 is pumped into the pump
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chamber 47. From there it is displaced from the pump chamber 47 towards the outlet opening
480 by the movement of the pump membrane 7 and the media separation membrane 6. It
therefore also flows through the channel 48 and the outlet 49 into the milk collecting container
9.

1260 In this way, both the interior 200 of the breast shield 2 and the pump chamber 47 can be
almost completely emptied. The device can also be placed in an inclined position in order to
empty all of the milk from the system into the milk collecting container 9.

[0170]

1266 It should be noted that at the beginning of the pumping process, the breast pump is preferably
held in such a way that the first outlet opening 24 of the breast shield and the outlet opening
480 of the pumping chamber 47 are located in an upper region of the respective cavity.

1269 This allows air to escape from the system and the two hollow chambers are filled with milk
relatively quickly. This enables a change as quickly as possible from a purely pneumatic
pump system with air as the working fluid to a purely or predominantly hydraulic pump
system in which milk forms the working fluid or at least forms a large proportion of the
working fluid. However, it is not absolutely necessary that the openings are arranged in this
way at the beginning of the pumping process. Changing from one pump system to the other
simply takes a long time and/or cannot be completed completely.

[0171]

1279 As soon as the milk has partially flooded the interior 200 and the pump chamber 47, preferably
up to the openings mentioned, the breast pump can be moved into any position.

1281 This applies not only to the breast shield 2 and the pump chamber 47, but in particular also to
the milk collecting container 9. Thanks to the container valve 94 designed as a check valve
and thanks to the liquid-impermeable cover 92, the milk collecting container 9 can even be
turned upside down without affecting the operation of the breast pump.

[0172]
1288 In preferred embodiments, the breast shield and also the adjusting ring are illuminated so that
the mother can carry out a visual check while pumping at night.

[0173]

1293 The breast pump described above is merely an exemplary embodiment in which the principle
according to the invention can be implemented and the method according to the invention
can be applied.

1296 Figures 18 to 23c therefore show again schematically what the core of the ideas according to
the invention lies.
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[0174]
1301 Basic principle

[0175]

1305 The breast shield 2 with the interior 200 is shown schematically in FIG.

1306 The breast shield 2 is placed sealingly on a mother's breast, the nipple W protrudes into the
interior 200.

1308 The interior 200 is connected to a pump chamber 47 via an outlet opening 16.

1309 An additional emptying opening 19 also leads from the interior 200 to the pump chamber 47.
The outlet opening 16 is provided with a pump valve 12, the emptying opening with a drain
valve 14. A base vacuum valve 13 closes a third opening 17 between the vacuum chamber
47 and the interior 200 of the breast shield 2. A ventilation opening 15, which can be closed
with a ventilation valve 11, also leads from the interior 200 of the breast shield 2 to the
outside.

[0176]

1318 The volume of the pump chamber 47 can be changed by means of a pump means 10, for
example a pump membrane or a piston.

1320 The pumping means 10 is driven, for example by means of a spindle 100.

[0177]

1324 An outlet opening 480 leads from the pump chamber 47 into a milk collecting container 9.

1325 The inlet into the milk collecting container 9 is preferably provided with a check valve, here
called container valve 94. The milk collecting container 9 is ventilated; an inlet 95 with an inlet
valve 96 is preferably present for this purpose.

[0178]

1331 The comparison with the exemplary embodiment described in detail above shows that the
ventilation opening 15 and the ventilation valve 11 correspond to the first ventilation opening
26, the ventilation knob 35 and the first pressing element 56.

[0179]

1337 The outlet opening 16 and the base vacuum valve 12 of the schematic representation
correspond to the first outlet opening 24, the first flow opening 25, the first knob 34, the first
pressing element 56 and the first valve flap 37 of the specific exemplary embodiment.
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[0180]

1343 The emptying opening 19 and the emptying valve 14 of the schematic representation
correspond to the second outlet opening 27, the second flow opening 28, the second knob
36, the second pressing element 57 and the second valve flap 38 of the specific exemplary
embodiment.

[0181]

1350 The base vacuum valve 13 and the third opening 17 of the schematic representation
correspond to the sealing lip 311, the first and second backwash openings 45, 46 and the
through opening 32 in the valve body 3 of the specific exemplary embodiment.

[0182]
1356 The container valve 94 in the schematic representation corresponds to the container valve in
the specific exemplary embodiment.

[0183]

1361 The inlet 95 and the inlet valve 96 of the schematic representation are formed in the specific
exemplary embodiment described above by the air-permeable and liquid-impermeable cover,
i.e. by a correspondingly selected cover film.

[0184]

1367 These valves can also be implemented in other ways.

1368 The valve openings can also be accommodated in an additional module part, which is
detachably connected to the breast shield.

1370 In addition, the outlet opening 16 and/or the emptying opening 19 can be designed as a
channel which runs in a line, in particular a flexible line.

1372 Depending on the design of this line, the pump chamber can be arranged at a distance from
the breast shield and, depending on the embodiment, also at a distance from a valve module.

1374 The valves can preferably be accommodated in a module which is arranged between the
pump chamber and the breast shield funnel.

1376 If the pump chamber is arranged at a distance from the breast shield, the valve module can be
arranged adjacent to the pump chamber or adjacent to the breast shield or can be a
component of the breast shield.

[0185]
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1382 The following explains how it works:

[0186]

1386 In the illustration according to Figure 18, the pump is not yet switched on.

1387 The valves are closed except for the inlet valve 96 of the milk collecting container 9.
1388 Atmospheric pressure prevails in all areas, i.e. p=0.

[0187]

1392 In the illustration according to Figures 19a to 19c¢, the pumping process begins and the
mother's breast is stimulated by the negative pressure applied.

1394 The pump valve 12 can open and close.

1395 In the specific exemplary embodiment, the first outlet opening 24 and the first flow opening 25
are released and the first valve flap 37 opens and closes the valve.

1397 The drain valve 14 is tightly closed. In the specific exemplary embodiment, this is done by
bringing the adjusting ring 5 into the corresponding position and tightly closing the second
outlet opening 27 and the second flow opening 28. Likewise, the ventilation valve 11 remains
tightly closed. In the specific exemplary embodiment, this is achieved by the first knob 34
closing the first ventilation opening 26 by means of the adjusting ring 5. The pumping means
10, preferably a pump membrane or a piston, is pulled outwards in order to generate a
negative pressure in the pump chamber 47 (here e.g. B. - 150 mmHg). The pump valve 12
opens and the negative pressure is transferred into the interior 200 of the breast shield 2, or
Air flows from this interior into the pump chamber 47. There is also a negative pressure in the
interior, ideally the same pressure of -150 mmHg, for example. The pressure curve in the line
space 200 is shown in Figure 19c. The pressure according to reference number a)
corresponds to the pressure in the interior 200 according to FIG. 19a.

1409 The container valve 94 remains closed. The pressure in the milk collecting container 9 is still
atmospheric pressure, i.e. p=0. If the pumping means 10 is now pushed back and the volume
of the pumping chamber 47 is reduced, the pumping valve 12 closes and the pressure in the
pumping chamber 47 increases to atmospheric pressure p-0. The pressure in the interior 200
also increases due to the base vacuum valve 13 now being opened. However, since the base
vacuum valve 13 closes at a certain negative pressure, a base vacuum is maintained in the
interior 200. This is, for example, -20 mmHg. This situation is shown in Figure 19b and the
pressure curve is labeled b) in Figure 19c. Comparing Figures 19a and 19b also shows how
the nipple W expands and contracts again in the interior 200.

[0188]

1421 In Figures 20a to 20c the flow of milk from the mother's breast has begun.

1422 The milk is given the reference symbol M in the figures. The interior 200 of the breast shield 2
fills with pumped milk. A lake of milk is created below the pump valve 12. Thanks to the milk
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now available, the pump power increases while the drive power remains the same, for
example to -170 mmHg in the pump chamber 47 and the interior 200. As before, the pump
valve 12 and the base vacuum valve 13 open and close with each pump stroke, with the
emptying valve 14 and the ventilation valve 11 remaining closed. Figure 20a shows the
situation at maximum negative pressure (absolute value), which is also marked with a) in
Figure 20c. Figure 20b shows the situation while maintaining the basic negative pressure in
the interior 200 and atmospheric pressure in the pump chamber 47, which is marked with b)
in Figure 20c¢. As soon as the interior 200 has filled with milk M up to the outlet openings 16,
milk M flows through the pump valve 12 into the vacuum chamber 47. The pumped milk M
now also fills the vacuum chamber 47 until its level reaches the outlet opening 480 to the milk
collecting container 9.

1435 Now the container valve 94 opens, preferably due to the pressure of the accumulated milk M,
and milk M flows into the milk collecting container 9.

[0189]

1440 Figures 21a to 21c show the situation in which, optimally, there is no longer any air in the
system and the original pneumatic system has completely changed to a hydraulic system.

1442 In practice, a mixed system is often present, with the pumped milk preferably filling a
significant portion of the volumes and thus forming the main working fluid. As already
explained with reference to Figures 19a to 19c, the pump valve 12 and the base vacuum
valve 13 open and close in accordance with the pump stroke, so that a negative pressure is
generated in the interior 200 and a basic negative pressure can be maintained. The pressure
in the vacuum chamber 47 changes, for example, between -250 mmHg and 0 mmHg, the
pressure in the interior between -250 mmHg and -20 mmHg. The pressure in the milk
collecting container 9 remains at atmospheric pressure, i.e. at 0 mmHg.

[0190]

1453 Figures 22a to 22¢ show the situation when milk no longer flows from the breast.

1454 The system initially continues to pump, and the pump pressure is no longer sufficient to open
the container valve 94 to the milk collecting container 9. This is the point in time at which the
pump valve 12 is completely closed and the emptying valve 14 is activated so that it can now
open and close automatically. In the specific exemplary embodiment, the adjusting ring 5 is
adjusted manually for this purpose. However, other ways of activating or deactivating these
two valves are possible. For example, they can be controlled with appropriate electronics.

[0191]

1463 In Figures 23a to 23c, the pump valve 12 is now firmly closed and the emptying channel and
the emptying valve 14 are opened.

1465 The pumping means 10 continues to move and continues to generate a pressure in the
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pumping chamber 47 that varies from a maximum negative pressure to atmospheric
pressure. In accordance with this movement, the emptying valve 14 also opens and closes,
like the pump valve 12 before, and thus pumps the milk M from the interior 200 into the pump
chamber 47. From there it is conveyed into the milk collecting container 9, preferably first by
means of negative pressure and then by means of displacement by the pumping means 10.
In this pumping situation, the emptying valve 14 is preferably located at a low point on the
breast shield, preferably relatively far down. The sinking lake of milk in the interior can be
clearly seen in Figures 23a and 23b. Figures 23a and 23b again show the two extreme
situations of a pump stroke. The pressure curve is shown in Figure 23c. The pressure curve
in the interior 200 is relatively unspecific. The pump will therefore continue to be operated
during emptying. If there is still milk in the vacuum chamber 47 at the end, it can easily be
directed into the milk collecting container 9 by tilting or turning the pump upside down.

[0192]

1481 The breast pump according to the invention and the method according to the invention thus
enable the use of pumped milk in a hydraulic pump system, whereby the drive of the pump
can be minimized.

[0193]
1487 REFERENCE SYMBOL LIST

[0194]
1491 32 Through opening pump means 33 positioning nose

[0195]
1495 Spindle 34 first stud

[0196]
1499 Ventilation valve 35 ventilation knob

[0197]

1503 Pump valve 36 second knob

[0198]

1507 Basic vacuum valve 37 first valve flap
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[0199]
1511 Drain valve 38 second valve flap ventilation opening

[0200]
1515 Qutlet opening 4 adapter part

[0201]
1519 third opening 40 base body

[0202]
1523 Drain opening 400 first window

[0203]

1527 401 second window

[0204]
1531 Breast shield 402 positioning aid

[0205]
1535 Funnel 41 pump-side wall interior 410 channel wall

[0206]

1539 Through opening 42 raised wall part flange 43 first through opening nozzle 44 second through
opening first outlet opening 45 first backwash opening first flow opening 46 second backwash
opening first ventilation opening 47 pump chamber

[0207]

1545 second outlet opening 48 gutter

[0208]
1549 second flow opening 480 outlet opening second ventilation opening 49 outlet valve body 5
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adjusting ring

[0209]
1554 Basic body 50 first part

[0210]
1558 Rear wall 51 first connector part

[0211]
1562 Sealing surface 52 second part

[0212]
1566 Sealing lip 53 second plug part groove 54 latching element stop 83 spindle

[0213]
1570 first pressing element 84 mounting holes second pressing element 85 edge

[0214]
1574 Qperating lever 86 operating switch

[0215]
1578 87 Advertisement

[0216]
1582 Media separation membrane

[021 7]
1586 Membrane surface

[0218]
1500 Central area 9 milk collection container sealing surface 90 vessel
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[0219]
1594 Gutter 900 interior

[0220]
1598 Recess 901 first latching element<sup>"</sup>

[0221]
1602 902 second latching element pump membrane 91 lower frame part membrane surface 92
cover

[0222]
1607 Central area 93 upper frame part passage opening 930 frame

[0223]

1611 Reinforcement 931 struts

[0224]
1615 Sealing surface 932 Valve holder Sensor surface 933 Handle

[0225]
1619 Flag 934 spacer pins

[0226]
1623 Side wing 94 container valve

[0227]
1627 95 inlet

[0228]
1631 Pump housing 96 inlet valve
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[0229]
1635 Carrier module

[0230]
1639 Side arm W nipple

[0231]
1643 Motor mount M milk

[0232]
1647 Spindle mount
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(54) Title: BREAST PUMP
(54) Bezeichnung: BRUSTPUMPE

FIG. 2

(57) Abstract: A breast pump for expressing human breast milk has a housing
(8), a pumping chamber (47) with a driven pump membrane (7) for generating
a vacuum, and also has a breastshield (2) with an interior (200) in which to
position a breast. Expressed milk flows from the interior (200), through a milk
channel, into the pumping chamber (47), which has an outlet opening (480)
through which expressed milk flows from the pumping chamber (47) into a
milk-collecting container (9). The breast pump has a multi-part hygiene mod-
ule (2, 3, 4, 5) having a first part (2) with a throughflow opening (24, 25) for
connection to the interior (200), having a valve body (3) with at least one valve
(34, 37), and having a second part (4) with a rigid shell for forming the pump-
ing chamber (47). The valve body (3) is arranged between the first and second
parts (2, 4) and the hygiene module (2, 3, 4, 5) can be connected, as a whole,
to the housing (8) of the breast pump in a sealing and releasable manner.

(57) Zusammenfassung: Eine Brustpumpe zum Abpumpen von menschlicher
Muttermilch weist ein Gehiuse (8), eine Pumpkammer (47) mit einer angetrie-
benen Pumpmembran (7) zur Erzeugung eines Vakuums und eine Brusthau-
be (2) mit einem Innenraum (200) zur Aufnahme einer Mutterbrust auf. Ab-
gepumpte Milch fliesst vom Innenraum (200) durch einen Milchkanal in die
Pumpkammer (47), welche eine Auslassoffnung (480) aufweist, durch die ab-
gepumpte Milch von der Pumpkammer (47) in einen Milchsammelbehilter (9)
fliesst. Die Brustpumpe weist ein mehrteiliges Hygienemodul (2, 3, 4, 5) auf
mit einem ersten Teil (2) mit einer Durchfluss6ffnung (24, 25) zur Verbindung
mit dem Innenraum (200), einem Ventilkérper (3) mit mindestens einem Ventil
(34, 37) und einem zweiten Teil (4) mit einer steifen Schale zur Bildung der
Pumpkammer (47). Der Ventilkérper (3) ist zwischen dem ersten und zweiten
Teil (2, 4) angeordnet und das Hygienemodul (2, 3, 4, 5) ist als Ganzes mit dem
Gehéuse (8) der Brustpumpe dichtend und 16sbar verbindbar.

[Fortsetzung auf der ncichsten Seite]
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TITEL

BRUSTPUMPE

TECHNISCHES GEBIET

Die vorliegende Erfindung betrifft eine Brustpumpe zum Abpumpen von menschlicher
Muttermilch sowie eine Brusthaube, einen Milchsammelbehilter und ein Verfahren zum

Betreiben einer Brustpumpe.

STAND DER TECHNIK

Vorrichtungen zum Abpumpen von menschlicher Muttermilch sind hinlinglich bekannt.
Grundsitzlich gibt es zwei verschiedene Typen: die ersten werden manuell bedient, d.h.
der fiir das Abpumpen notwendige Unterdruck wird durch manuelle Betitigung der

Vakuumpumpe erzeugt. Bei den zweiten Typen ist die Vakuumpumpe elektrisch betrieben.

Diese Vakuumpumpen sind entweder direkt oder iiber eine Vakuumleitung mit einer
Brusthaube verbunden. Die Brusthaube weist einen Innenraum zur Aufnahme der
Mutterbrust bzw. deren Brustwarze auf. Der Unterdruck wird iiber eine erste Leitung in
den Innenraum tibertragen, die abgepumpte Milch fliesst iiber eine zweite Leitung in einen

Milchsammelbehilter.

WO 2016/014494 Al und WO 2016/014469 A1l beschreiben eine kompakte Brustpumpe,
bei welcher abgepumpte Milch unter positivem Druck in einen Milchsammelbehilter

transportiert wird. Hierfiir wird beispielsweise eine Milchleitung zyklisch gequetscht.

WO 2011/035447 Al offenbart eine Brustpumpe, bei welcher die Vakuumleitung
gleichzeitig die Milchleitung bildet. Die Pumpkammer, in welcher der Unterdruck erzeugt
wird, fiillt sich wihrend des Abpumpens mit Milch, so dass das Pumpsystem von einem

pneumatischen System in ein hydraulisches System wechselt und die bereits abgepumpte
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Milch zum Arbeitsfluid wird. Damit sich die Pumpkammer mit Milch fiillen kann, ist am
Ausgang der Pumpkammer, welcher zum Milchsammelbehilter fithrt, ein Ventil
angeordnet. Dieses Ventil 6ffnet sich erst bei einem bestimmten Druck innerhalb der

Pumpkammer, d.h. wenn die Pumpkammer ausreichend mit Milch gefiillt ist.

Diese kombinierte pneumatische und hydraulische Pumpe weist mehrere Vorteile auf. Das
System weist kein oder fast kein Totvolumen auf. Das Pumpaggregat kann minimiert
werden, da nach Fiillung des Systems mit Milch nur mehr eine geringe Pumpleistung
notwendig ist, um weitere Milch abzupumpen. Insbesondere lassen sich Batterien mit
geringerer Kapazitit verwenden als bei pneumatischen Vakuumpumpen. Die
Vakuumpumpe lédsst sich somit kostengiinstiger und kleiner ausbilden. Die Brustpumpe
eignet sich insbesondere fiir sogenannte ,hands-free* Anwendungen, bei welchen die
Brustpumpe am Koérper getragen und keine Hénde zum Festhalten der Brusthaube benétigt
werden. Aufgrund des minimierten Totvolumens lidsst sich zudem der angelegte Druck
leichter kontrollieren. Dadurch lassen sich fiir jede Mutter individuell optimierte

Pumpparameter wihlen.
In WO 2013/049944 A2 ist ebenfalls eine Brustpumpe beschrieben, welche von einem
pneumatischen in ein hydraulisches Pumpsystem wechselt. In der Pumpkammer ist ein
Drucksensor vorhanden, welcher eine an einer flexiblen Membran angebrachte Fahne
umfasst.

DARSTELLUNG DER ERFINDUNG
Es ist deshalb eine Aufgabe der Erfindung, die oben genannte Brustpumpe zu optimieren.
Diese Aufgabe 16st eine Brustpumpe gemiss den Anspriichen 1, 8, 35, 36, 39 und 42, ein
Milchsammelbehilter gemiss Anspruch 41, eine Brusthaube gemiss Anspruch 43 sowie

ein Verfahren mit den Merkmalen des Anspruchs 44.

In einer bevorzugten Ausfiihrungsform weist die erfindungsgemisse Brustpumpe zum

Abpumpen von menschlicher Muttermilch ein Geh#duse mit einer Antriebseinheit, eine
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Pumpkammer mit einer von der Antriebseinheit angetriebenen flexiblen Pumpmembran
zur Erzeugung eines Vakuums und eine Brusthaube mit einem Innenraum zur Aufnahme
einer Mutterbrust auf. Der Innenraum ist mittels der Pumpkammer mit einem sich zyklisch
dndernden Unterdruck beaufschlagbar, wobei ein Milchkanal vom Innenraum durch eine
erste Einlass6ffnung in die Pumpkammer fiihrt, wobei abgepumpte Milch vom Innenraum
der Brusthaube durch den Milchkanal in die Pumpkammer fliesst, und wobei die
Pumpkammer eine Auslasséffnung aufweist, durch welche die abgepumpte Milch von der
Pumpkammer in einen Milchsammelbehélter fliesst. Ein mehrteiliges Hygienemodul ist
vorhanden, wobei das Hygienemodul einen ersten Teil mit einer Durchflusséffnung zur
Verbindung mit dem Innenraum, einen Ventilkdrper mit mindestens einem Ventil und
einen zweiten Teil mit einer steifen Schale zur Bildung der Pumpkammer aufweist, wobei
der Ventilkorper zwischen dem ersten und zweiten Teil angeordnet ist und wobei das
Hygienemodul als Ganzes mit dem Gehduse der Brustpumpe dichtend und 16sbar

verbindbar ist.

Dieses Hygienemodul ist kompakt aufgebaut. Es ldsst sich einfach montieren und
auseinander nehmen, so dass sich die relevanten Teile der Brustpumpe einfach reinigen
lassen. Die Verwendung eines Ventilkdrpers im Hygienemodul erleichtert die Herstellung,

den Zusammenbau und die Reinigung zusitzlich.

Vorzugsweise weist die steife Schale einen Milchpfad auf, welcher von der Pumpkammer
in einen Milchsammelbehilter filhrt und welcher mindestens iiber einen Teilbereich
senkrecht zu einer Antriebsachse der Pumpmembran verlduft. Vorzugsweise verliuft der
Milchpfad in einer Ebene senkrecht zur Antriebsachse, wobei sich der Milchpfad in dieser
Ebene iiber mindestens die Hilfte der Hohe der Pumpkammer, vorzugsweise iiber die
gesamte Hohe der Pumpkammer erstreckt. Der Verlauf dieses Milchpfades ermoglicht es,
die Pumpkammer mit abgepumpter Milch mindestens teilweise, vorzugsweise vollstindig
zu fiillen, so dass wihrend des Abpumpens von einem pneumatischen Pumpsystem auf ein
gemischtes oder sogar vollstdndig hydraulisch funktionierendes Pumpsystem gewechselt

wird.

Vorzugsweise weist der Ventilkérper mindestens ein Durchflussventil und ein

Beliiftungsventil auf. Vorzugsweise ist der Ventilkérper einstiickig aus einem flexiblen
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Material gebildet. Dies erleichtert sowohl die Herstellung, wie auch den Zusammenbau

und die Reinigung.

Vorzugsweise ist der erste Teil ein Bestandteil der Brusthaube. Dadurch ldsst sich die
Brustpumpe kompakt ausbilden und das Hygienemodul lasst sich auf einfache Art und
Weise an der Brustpumpe befestigen, ohne dass zusitzlich noch die Brusthaube montiert

werden muss.

Vorzugsweise weist die Brusthaube einen Flansch zur lésbaren Verbindung mit dem

Gehiuse auf.

Die Verbindung mit dem Geh#use ldsst sich auf besonders einfache Art und Weise

herstellen, wenn sie form- und kraftschliissig, vorzugsweise ein Bajonettverschluss, ist.

In einer weiteren bevorzugten Ausfithrungsform weist die erfindungsgemaisse Brustpumpe
zum Abpumpen von menschlicher Muttermilch eine Brusthaube mit einem Innenraum zur
Aufnahme einer Mutterbrust und ¢ine Pumpkammer auf, wobei der Innenraum mittels der
Pumpkammer mit einem sich zyklisch dndernden Unterdruck beaufschlagbar ist. Ein
Milchkanal fiihrt vom Innenraum durch eine erste Einlass6ffnung in die Pumpkammer,
durch welchen abgepumpte Milch vom Innenraum der Brusthaube in die Pumpkammer
fliesst. Die Pumpkammer weist eine Auslasséffnung auf, durch welche die abgepumpte
Milch von der Pumpkammer in einen Milchsammelbehilter fliesst. Die Auslasséffnung ist
in vertikaler Gebrauchslage der Brustpumpe mindestens zu Beginn eines Abpumpvorgangs
in einem oberen Bereich der Pumpkammer und/oder oberhalb der Einlasséffnung

angeordnet.

Dadurch lasst sich die Pumpkammer anndhernd vollstindig mit Milch fiillen und das
System kann innerhalb kiirzester Zeit von einem pneumatischen in ein hydraulisches oder
gemischt  pneumatisch/hydraulisches  System  iibergefilhrt  werden.  Dieselbe
Antriebsleistung fiir die Pumpmittel, z.B. der Pumpmembran, fithrt zu einer grésseren
Pumpleistung, d.h. zu einem betragsméissig htheren Unterdruck in der Pumpkammer und
somit im Innenraum der Brusthaube. Es lassen sich Batterien mit geringerer Kapazitit

verwenden. Dies vermindert die Herstellungskosten, erhéht die Lebensdauer der Pumpe
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insgesamt und minimiert die Grésse der Antriebseinheit.

Vorzugsweise bildet der Milchkanal einen Vakuumkanal zur Beaufschlagung des
Innenraums der Brusthaube mit dem sich zyklisch #ndernden Unterdruck. D.h. es wird
liber dieselbe Leitung bzw. iiber denselben Kanal zuerst das Vakuum angelegt und
anschliessend die Milch abgesaugt. Dieselbe Leitung bzw. derselbe Kanal wird fiir beide
Arbeitsfluide, d.h. Luft und Milch, verwendet.

Je nach Ausfiihrungsform ist die Pumpe eine Kolbenpumpe, eine Membranpumpe oder
eine andere Art Vakuumpumpe. Vorzugsweise weist die Pumpkammer jedoch eine steife
erste Schale und eine flexible Pumpmembran auf, wobei die Pumpmembran dichtend an
der ersten Schale anliegt und wobei die Pumpmembran angetrieben ist und durch deren

Bewegung relativ zur ersten Schale ein Unterdruck in der Pumpkammer erzeugbar ist.

Vorzugsweise ist zwischen der steifen Schale und der flexiblen Pumpmembran eine
flexible Medientrennmembran angeordnet, so dass die Pumpmembran vor einem Kontakt
mit abgepumpter Milch geschiitzt ist. Milch und Luft, welche in der Brusthaube vorliegen,
gelangen nur bis zur Medientrennmembran. Die Pumpmembran und die iibrigen Teile der

Brustpumpe sind somit vor einer Kontamination geschiitzt.

Die Medientrennmembran ldsst sich auf einfache Art und Weise von der Pumpmembran
trennen. Sie ist vorzugsweise Teil des bereits erwihnten Hygienemoduls. Die
Medientrennmembran lédsst sich vorzugsweise von den iibrigen Teilen des Hygienemoduls
trennen und so auf einfache Art und Weise reinigen. Auch die iibrigen Teile des
Hygienemoduls lassen sich soweit notwendig voneinander trennen, so dass sie gereinigt
und anschliessend auf einfache Art und Weise und vorzugsweise ohne Werkzeuge wieder

zusammen gesetzt und erneut verwendet werden kdnnen.

Vorzugsweise weist die erste Schale eine Auslassrinne auf, welche sich von der
Auslassoffnung der Pumpkammer zu einem Ausgang erstreckt, wobei die Auslassrinne
mindestens iiber einen Teilbereich in einer Richtung senkrecht zur Bewegungsrichtung der
Pumpmembran verlduft. Vorzugsweise verlduft sie in einer Ebene senkrecht zu dieser

Bewegungsrichtung, wobei sich die Rinne vorzugsweise iiber mindestens die Hilfte der
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Hohe der Pumpkammer, vorzugsweise iiber die gesamte Pumpkammer erstreckt.

In anderen Ausfiihrungsformen ist die Rinne teilweise oder ganz als geschlossener Kanal
ausgebildet. Vorzugsweise verschliesst jedoch die Pumpmembran, oder, falls vorhanden,
die Medientrennmembran die Auslassrinne der steifen ersten Schale zu einem bis auf die

Auslésso6ffnung und den Ausgang geschlossenen Kanal.

Die Rinne erstreckt sich vorzugsweise neben der Pumpkammer und nicht innerhalb

derselben.

In einer bevorzugten Ausfithrungsform weist die Brusthaube eine erste Durchlasséffnung
auf, welche Teil des Milchkanals bildet, wobei die Durchlasséffnung in Gebrauchslage der
Brusthaube mindestens zu Beginn des Abpumpvorgangs in einem oberen Bereich des
Innenraums angeordnet ist, so dass der Innenraum unterhalb der ersten Durchlasséffnung

mit abgepumpter Milch befiillbar ist.

Dadurch lésst sich die Brusthaube zu Beginn des Abpumpvorgangs mit Milch teilweise
oder ganz fiillen. Dies verkiirzt die Zeit bis zum Wechsel auf das hydraulische
Pumpsystem nochmals massiv. Ublicherweise wird zuerst der Innenraum der Brusthaube
gefiillt und anschliessend die Pumpkammer, bevor die Milch erstmals in den

Milchsammelbehilter gelangt.

Vorzugsweise ist der Milchkanal mittels eines ersten Ventils verschliessbar, um am Ende
des Abpumpvorgangs die abgepumpte Milch aus der Pumpkammer zu entfernen. Dieses
Ventil ist vorzugsweise dasselbe Ventil, welches sich beim Abpumpen der Milch
selbsttétig 6ffnet und schliesst. Fiir die Entleerung wird es nun permanent geschlossen. Die
Schliessung erfolgt je nach Ausfilhrungsform manuell oder automatisch, z.B. mittels der
elektronischen Steuerung der Brustpumpe. Ist nachfolgend ein Ventil angeordnet, so kann

das erste Ventil wihrend des Abpumpvorgangs auch stets gedffnet sein.
Vorzugsweise ist ein Entleerungskanal zwischen dem Innenraum der Brusthaube und der

Pumpkammer vorhanden, welcher getrennt vom Milchkanal verlduft, wobei der

Entleerungskanal mittels eines zweiten Ventils verschliessbar ist. Der Entleerungskanal ist
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wihrend des Abpumpvorgangs geschlossen und ist am Ende des Abpumpvorgangs
gedffnet. Auch dies erfolgt je nach Ausfithrungsform manuell oder automatisch. Das
zweite Ventil funktioniert vorzugsweise gleich oder #dhnlich wie das erste Ventil. Es ist
vorzugsweise identisch ausgebildet. Es offnet und schliesst sich wihrend des
Pumpvorgangs beim Entleeren der Brusthaube gleich wie das erste Ventil wihrend des
Abpumpens der Muttermilch aus der Mutterbrust. Ist nachfolgend ein Ventil angeordnet,

so kann das zweite Ventil wihrend des Entleerungsvorgangs auch stets gesffnet sein.

Vorzugsweise ist zudem ein Beliiftungsventil zur Beliiftung des Innenraums der
Brusthaube vorhanden. Dieses ist ebenfalls vorzugsweise wihrend des Abpumpvorgangs
stets geschlossen und wird manuell oder automatisch gedffnet, um das Entleeren der

Brusthaube zu erleichtern.

Vorzugsweise ist das Beliiftungsventil gemeinsam mit dem zweiten Ventil verschliessbar

und es ldsst sich gemeinsam mit diesem 6ffnen.

In einer bevorzugten Ausfithrungsform ist ein drittes Ventil vorhanden, welches bei
Druckanstieg des sich zyklisch dndernden Unterdrucks im Innenraum der Brusthaube einen
Basisunterdruck beibehilt. Der Druck im Innenraum der Brusthaube liegt somit wihrend
des gesamten Abpumpvorgangs und vorzugsweise auch wihrend der Entleerung unter dem
Atmosphidrendruck. Dies vermindert die Belastung der Brustwarze und wirkt sich positiv

auf den Milchfluss aus der Mutterbrust aus.

Vorzugsweise ist im Milchkanal ein viertes Ventil vorhanden, welches sich nach Massgabe
des angelegten Unterdrucks o6ffnet und schliesst. Dieses vierte Ventil ist in
Abpumprichtung der Milch dem ersten Ventil nachfolgend angeordnet. Das vierte Ventil
kann jedoch auch, wie oben bereits beschrieben, durch das erste Ventil gebildet sein. Ist es
jedoch nachgeordnet, kann es beispielsweise als Flatterventil im Ventilkorper ausgebildet

sein.
Vorzugsweise ist im Entleerungskanal ein fiinftes Ventil vorhanden ist, welches sich nach

Massgabe des angelegten Unterdrucks o6ffnet und schliesst. Diese fiinfte Ventil ist in

Entleerungsrichtung der Milch dem zweiten Ventil nachfolgend angeordnet. Das fiinfte
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Ventil kann wie oben beschrieben durch das zweite Ventil gebildet sein. Ist es

nachgeordnet, kann es beispielsweise ein Flatterventil im Ventilkorper sein.

Vorzugsweise ist mindestens ein Teil, vorzugsweise sind alle der genannten Ventile in
einem gemeinsamen Ventilkérper angeordnet. Dies erleichtert die Herstellung und

minimiert die Kosten.

Vorzugsweise ist der Ventilkorper einstiickig und flexibel ausgebildet. Vorzugsweise

besteht er aus Silikon.

Vorzugsweise weist die Brustpumpe ein Pumpengehiuse mit einem Antrieb fiir die
Pumpmembran auf, wobei die steife erste Schale losbar mit dem Pumpengehiuse
verbunden ist. Dies erleichtert den Zusammenbau, auch nach einer Reinigung durch die

Mutter.

Vorzugsweise ist die erste steife Schale Bestandteil eines mehrteiligen Moduls, welches
gemeinsam mit dem Pumpengehduse verbindbar ist, wobei das Modul des Weiteren
mindestens die genannten Ventile aufweist. Dieses Modul ist vorzugsweise das oben

genannte Hygienemodul.

Vorzugsweise ist die erste steife Schale Bestandteil eines Adapterteils, wobei der
Ventilkorper in einer Aufnahme des Adapterteils gehalten ist. Dies erleichtert die Montage
und erméglicht insbesondere einen modulartigen Aufbau sowie die Verwendung eines

Hygienemoduls.

Vorzugsweise umfasst das Modul ferner ein manuelles Betitigungsmittel zum zeitgleichen
Betitigen des ersten und zweiten Ventils. Die manuelle Betitigung der zwei Ventile ist

eine kostengiinstige und betriebssichere Losung.
Vorzugsweise sind das Adapterteil und das Betiitigungsteil nicht zerstérungsfrei

voneinander losbar. Dadurch ist sichergestellt, dass das Modul stets korrekt

zusammengestellt und nur mit simtlichen Elementen gemeinsam verwendet werden kann.
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Vorzugsweise weist die Brustpumpe ein Pumpengehiuse auf, wobei die Brusthaube 15sbar
am Pumpengehéuse befestigbar ist und wobei durch die Befestigung der Brusthaube am
Pumpengehiuse Teile, welche zwischen Brusthaube und Pumpengehiuse liegen, dichtend
miteinander verbunden werden, so dass eine dichte Verbindung zwischen Pumpkammer
und Innenraum der Brusthaube entsteht. Die Brusthaube ldsst sich einfach mit der Hand
halten, was den Zusammenbau der Pumpe erleichtert. Da die iibrigen Teile durch die
Befestigung der Brusthaube am Pumpengehiuse ebenfalls dicht anliegen, ist die
Brustpumpe somit mit einem einzigen Handgriff, ndmlich der Befestigung der Brusthaube
am Pumpengehiduse, einsatzbereit. Ebenso einfach lassen sich die einzelnen Teile
entfernen, um gereinigt zu werden. Vorzugsweise sind die Brusthaube und der

Ventilkorper Teil des Moduls.

Vorzugsweise weist die Brustpumpe ein Pumpengehiuse auf, an welchem die Brusthaube
16sbar befestigbar ist, wobei die Brustpumpe ferner einen Milchsammelbehélter aufweist,
welcher am Pumpengehduse mittels eines Schnappverschlusses befestigbar ist. Die
Befestigung des Milchsammelbehilters mittels eines Schnappverschlusses  ist
unkonventionell. Ublicherweise werden Drehverschliisse verwendet. Dank  des
Schnappverschlusses lisst sich der Behilter anders ausbilden und insbesondere schneller

befestigen und entfernen.

Vorzugsweise weist der Milchsammelbehilter einen Grundkérper und einen Deckel auf,
wobei der Deckel mindestens teilweise luftdurchlidssig und fliissigkeitsundurchlissig
ausgebildet ist. Dieser Deckel bildet somit ein Ventil, welches der Beliiftung dient,
welches aber auch ermdéglicht, dass der Behilter ohne Fliissigkeitsverlust auf den Kopf
gestellt werden kann. Vorzugsweise weist der Deckel eine luftdurchldssige und
flussigkeitsundurchldssige Membran auf. Vorzugsweise ist der Deckel zwischen dem
Milchsammelbehdlter und der Pumpe eingeklemmt und mittels Distanzstiften

positionierbar.

Zudem ist der Deckel vorzugsweise mit einem Einwegventil versehen, welches von der

Pumpkammer in den Milchsammelbehilter fiihrt.

In einer bevorzugten Ausfithrungsform weist die Brustpumpe zum Abpumpen von
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menschlicher Muttermilch eine Brusthaube mit einem Innenraum zur Aufnahme einer
Mutterbrust und eine Pumpkammer auf, wobei der Innenraum mittels der Pumpkammer
mit einem sich zyklisch @ndernden Unterdruck beaufschlagbar ist. Ein Milchkanal fiihrt
vom Innenraum durch eine erste Einlasséffnung in die Pumpkammer, durch welchen
abgepumpte Milch vom Innenraum der Brusthaube in die Pumpkammer fliesst. Die
Pumpkammer weist eine Auslassoffnung auf, durch welche die abgepumpte Milch von der
Pumpkammer in einen Milchsammelbehilter fliesst. Ein Entleerungskanal ist zwischen
dem Innenraum der Brusthaube und der Pumpkammer vorhanden, welcher getrennt vom
Milchkanal verlduft, wobei der Entleerungskanal mittels eines Ventils verschliessbar ist,
wobei der Entleerungskanal wihrend des Abpumpvorgangs geschlossen ist und am Ende
des Abpumpvorgangs getffnet ist. Dadurch ldsst sich Milch am Ende des
Abpumpvorgangs auf einfache Art und Weise aus der Brusthaube entfernen. Der
Entleerungskanal wird vorzugsweise mittels der Pumpkammer mit einem Unterdruck
beaufschlagt, um die Milch aktiv abzupumpen und in den Milchsammelbehilter zu

drangen.

In einer bevorzugten Ausfithrungsform weist die Brustpumpe zum Abpumpen von
menschlicher Muttermilch eine Brusthaube mit einem Innenraum zur Aufnahme einer
Mutterbrust und eine Pumpkammer auf, wobei der Innenraum mittels der Pumpkammer
mit einem sich zyklisch dndernden Unterdruck beaufschlagbar ist. Ein Milchkanal fiihrt
vom Innenraum durch eine erste Einlasséffnung in die Pumpkammer, durch welchen
abgepumpte Milch vom Innenraum der Brusthaube in die Pumpkammer fliesst. Die
Pumpkammer weist eine Auslasséffnung auf, durch welche die abgepumpte Milch von der
Pumpkammer in einen Milchsammelbehilter fliesst. Die Brustpumpe weist ein
Pumpengehiuse, eine Pumpmembran und ein Modul auf, wobei das Modul mindestens
eine steife Schale zur Bildung der Pumpkamimer und die Brusthaube aufweist. Das Modul
ist als Einheit am Pumpengehiuse befestigbar, wobei eine dichte Verbindung zwischen der
Pumpkammer und dem Innenraum der Brusthaube geschaffen wird und wobei die
Pumpmembran zwischen dem Modul und dem Pumpengehduse dichtend gehalten ist. Dies
erleichtert die Reinigung der relevanten Teile der Brustpumpe durch die Mutter und den

Zusammenbau nach einer derartigen Reinigung.

Vorzugsweise weist das Modul ferner einen Ventilkdrper auf, welcher zwischen
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Brusthaube und steifer Schale angeordnet ist. Der Ventilkérper sowie die entsprechenden
Bereiche des ersten und zweiten Teils, welche vorzugsweise Dichtsitze fiir die Ventile des
Ventilkorpers aufweisen, bilden eine gemeinsame Ventileinheit, auch Ventilkonstrukt

genannt.

Vorzugsweise weist das Modul ferner ein manuelles Betitigungsmittel zur Betitigung

mindestens eines Ventils des Ventilkonstrukts auf,

In einer bevorzugten Ausfiihrungsform weist die Brustpumpe zum Abpumpen von
menschlicher Muttermilch eine Brusthaube zur Aufnahme einer Mutterbrust, ein
Pumpengehéduse sowie einen Milchsammelbehdlter auf, wobei das Pumpengehduse
einerseits 16sbar mit der Brusthaube und andererseits 16sbar mit dem Milchsammelbehalter
verbindbar ist. Der Milchsammelbehlter ist mittels eines Schnappverschlusses am

Pumpengehiuse befestigbar.

Vorzugsweise weist diese Brustpumpe eine Pumpkammer und einen Milchkanal auf, durch
welchen abgepumpte Milch von einem Innenraum der Brusthaube in die Pumpkammer
fliesst, wobei die Pumpkammer einen Ausgang aufweist, welcher mit dem
Milchsammelbehilter verbunden ist und durch welchen die abgepumpte Milch in den

Milchsammelbehilter fliesst.

In einer bevorzugten Ausfithrungsform ist ein erfindungsgemisser Milchsammelbehilter
zur Verbindung mit einem Pumpengehduse einer Brustpumpe zum Abpumpen von
menschlicher Muttermilch, vorhanden, wobei der Milchsammelbehilter einen Deckel
aufweist, der dem Pumpengehduse zugewandt ist und der mindestens in einem Bereich

luftdurchléssig und fliissigkeitsundurchlissig ist.

In einer bevorzugten Ausfithrungsform weist die Brustpumpe zum Abpumpen von
menschlicher Muttermilch eine Brusthaube zur Aufnahme einer Mutterbrust und ein
Pumpengehiuse auf, wobei die Brusthaube l5sbar mit dem Pumpengehiuse verbindbar ist.

Die Brusthaube ist mittels eines Bajonettverschlusses mit dem Pumpengehéuse verbindbar.
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In einer bevorzugten Ausfiithrungsform ist eine erfindungsgemisse Brusthaube vorhanden,
welche zur Befestigung an einem Pumpengeh#use einer Brustpumpe dient. Die Brusthaube
weist einen Innenraum zur Aufnahme der Mutterbrust und einen Stutzen zur Befestigung

am Pumpengehiuse auf, wobei der Stutzen mit einem Bajonettverschluss versehen ist.

In einer bevorzugten Variante eines erfindungsgemissen Verfahren zum Betiitigen einer
Brustpumpe zum Abpumpen von menschlicher Muttermilch weist die Brustpumpe eine
Brusthaube mit einem Innenraum zur Aufnahme einer Mutterbrust und eine Pumpkammer
auf, wobei der Innenraum mittels der Pumpkammer mit einem sich zyklisch dndernden
Unterdruck beaufschlagt wird. In einer ersten Pumpphase wird der Innenraum mit dem
sich zyklisch &ndernden Unterdruck beaufschlagt, um Milch aus der Mutterbrust
abzupumpen, wobei der Innenraum mit abgepumpter Milch gefiilit wird, ohne dass
abgepumpte Milch aus dem Innenraum hinausfliesst. In einer zweiten Pumpphase fliesst
abgepumpte Milch aus dem Innenraum in die Pumpkammer und die Pumpkammer wird
mit abgepumpter Milch gefiillt. In einer dritten Pumpphase fliesst die abgepumpte Milch
von der Pumpkammer in einen Milchsammelbehilter, wobei der Innenraum und die
Pumpkammer mit abgepumpter Milch gefiillt bleiben. Der Wechsel von der zweiten
Pumpphase zur dritten Pumpphase erfolgt, indem ein Fiillstand der abgepumpten Milch
eine Auslassoffnung erreicht, welche von der Pumpkammer zum Milchsammelbehilter
fithrt, wodurch Milch durch die Auslasséffnung von der Pumpkammer in den

Milchsammelbehilter fliesst.

Dank dieses Verfahrens stellt das Pumpsystem relativ schnell von einem pneumatischen
auf ein hydraulisches oder vorwiegend hydraulisches Pumpsystem um. Dadurch lassen

sich kleinere Antriebe und leistungsschwichere Motoren verwenden.

Vorzugsweise ist die erste Pumpphase eine vollstindig oder vorwiegend pneumatische
Pumpphase und die zweite Pumpphase eine vollstindig oder vorwiegende hydraulische

Pumpphase.
In einer bevorzugten Variante des Verfahrens wird der Innenraum in der ersten Pumpphase

annihernd vollstdndig gefiillt. In einer bevorzugten Variante werden der Innenraum

und/oder die Pumpkammer in der zweiten und/oder dritten Pumpphase annihernd
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vollstandig mit abgepumpter Milch gefiillt.

Vorzugsweise erfolgt der Wechsel von der ersten Pumpphase zur zweiten Pumpphase,
indem ein Fillstand der abgepumpten Milch eine erste Durchgangséffnung erreicht,
welche vom Innenraum zur Pumpkammer fithrt, wodurch Milch durch die erste

Durchgangséffnung vom Innenraum in die Pumpkammer fliesst.

Vorzugsweise fliesst in der dritten Pumpphase die abgepumpte Milch durch die erste
Durchgangséffnung in die Pumpkammer und durch die Auslasséffnung in den

Milchsammelbehélter.

Vorzugsweise wird in einer vierten Pumpphase der Innenraum entleert und die darin
befindliche, bereits abgepumpte Milch wird durch eine zweite Durchgangséffnung aus

dem Innenraum zum Milchsammelbehilter gefiihrt.

Vorzugsweise ist die erste Durchgangs6ffnung mit einem ersten Ventil verschliessbar und
die zweite Durchgangs6ffnung mit einem zweiten Ventil verschliessbar, wobei die zweite

Durchgangsoffnung wéhrend der ersten bis dritten Pumpphase stets geschlossen ist.

Vorzugsweise ist die erste Durchgangséffnung wihrend der vierten Pumpphase stets

geschlossen.

Vorzugweise fiihrt die zweite Durchgangs6ffnung vom Innenraum in die Pumpkammer
und steht {iber die Pumpkammer in fluidkommunizierender Verbindung mit der

Auslasséffnung.

Vorzugsweise wird wihrend mindestens einem Teil der Pumpphasen, vorzugsweise

wihrend der ersten, zweiten und dritten Pumpphase ein Basisunterdruck beibehalten.
Vorzugsweise ist ein drittes Ventil vorhanden, welches bei Druckanstieg des sich zyklisch

dndernden Unterdrucks in Richtung Atmosphérendruck zuerst 6ffnet und dann schliesst

und dadurch den Basisunterdruck beibehilt.
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Weitere Ausfiilhrungsformen und Varianten des Verfahrens sind in den abhingigen

Anspriichen angegeben.

Die einzelnen in den Anspriichen aufgefiihrten Elemente lassen sich auch zu anderen
Kombinationen zusammenfligen, ohne dass sdmtliche Merkmale der Anspriiche
Ubernommen werden miissen. Insbesondere lassen sich einzelne Elemente auch in reinen
pneumatischen Brustpumpen verwenden, insbesondere in pneumatischen Membran-

Brustpumpen.

KURZE BESCHREIBUNG DER ZEICHNUNGEN

Bevorzugte Ausfiihrungsformen der Erfindung werden im Folgenden anhand der

Zeichnungen beschrieben, die lediglich zur Erlduterung dienen und nicht einschriankend

auszulegen sind. In den Zeichnungen zeigen:

Figur 1 eine perspektivische Darstellung einer erfindungsgeméissen Brustpumpe,

Figur 2 eine Explosionsdarstellung der Brustpumpe gemiss Figur 1 in einer

perspektivischen Ansicht;

Figur 3 eine Explosionsdarstellung der Brustpumpe gemiss Figur 1 in einer

weiteren perspektivischen Ansicht;

Figur 4 einen Teilschnitt durch die Brustpumpe gemiss Figur 1 in einer ersten

perspektivischen Ansicht;

Figur 5 einen Teilschnitt durch die Brustpumpe gemiss Figur 1 in einer zweiten

perspektivischen Ansicht;

Figur 6 einen Langsschnitt durch ein Hygienemodul, befestigt an einem

Tragermodul der Brustpumpe geméss Figur 1 in Explosionsdarstellung;
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Figur 7

Figur 8a

Figur 8b

Figur 9a

Figur 9b

Figur 9¢

Figur 9d

Figur 10a

Figur 10b

Figur 11a

Figur 11b

Figur 11c

Figur 12a

Figur 12b

Figur 12c¢

Figur 13a

Figur 13b

15

eine perspektivische Darstellung des zusammengesetzten Hygienemodul

gemass Figur 6;

eine perspektivische Darstellung einer Brusthaube der Brustpumpe gemiss
Figur 1;

einen Teilschnitt durch die Brusthaube gemiss Figur 8a;

eine perspektivische Darstellung durch einen Ventilkérper der Brustpumpe
gemass Figur 1;

einen Teilschnitt durch den Ventilkdrper gemiss Figur 9a;

einen Langsschnitt durch den Ventilkdrper gemiss Figur 9a;

eine Ansicht des Ventilkdrpers gemiss Figur 9a;

eine perspektivische Darstellung eines Stellrings der Brustpumpe gemdss
Figur 1;

eine Ansicht des Stellrings gemiss Figur 10a;

eine perspektivische Darstellung eines Adapterteils der Brustpumpe gemiss
Figur 1 von einer ersten Seite;

einen Teilschnitt durch das Adapterteil gemiss Figur 11a;

eine perspektivische Darstellung des Adapterteils gemiss Figur 11a von

einer zweiten Seite;

eine perspektivische Darstellung einer Medientrennmembran der
Brustpumpe gemiss Figur 1 von einer ersten Seite;

eine perspektivische Darstellung der Medientrennmembran geméiss Figur
12a von einer zweiten Seite;

einen Langsschnitt durch die Medientrennmembran gemiss Figur 12a;

eine perspektivische Darstellung einer Pumpmembran der Brustpumpe
gemdss Figur 1 von einer ersten Seite;
eine perspektivische Darstellung der Pumpmembran gemiss Figur 13a von

einer zweiten Seite;
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Figur 13¢

Figur 14

Figur 15

Figur 16

Figur 17

Figur 18

Figur 19a

Figur 19b
Figur 19¢

Figur 20a

Figur 20b
Figur 20c

Figur 21a

16

einen Langsschnitt durch die Pumpmembran gemiss Figur 13a;

eine perspektivische Darstellung eines Triagermoduls der Brustpumpe

gemdss Figur 1;

eine perspektivische Darstellung eines oberen Rahmenteils eines

Milchsammelbehélters der Brustpumpe gemiss Figur 1;

einen Langsschnitt durch das obere Rahmenteil gemass Figur 15 mit einem

Behilterventil;

eine perspektivische Darstellung eines Gefisses des Milchsammelbehilters

der Brustpumpe gemass Figur 1;

eine schematische Darstellung des erfindungsgeméssen Pumpsystems vor

Anlegen eines Unterdrucks;

das schematisch dargestelite Pumpsystem gemiss Figur 1 bei der
Aktivierung der Mutterbrust in einer ersten Hubposition;

das Pumpsystem gemaiss Figur 19a in einer zweiten Hubposition;

eine grafische Darstellung des Drucks innerhalb einer Brusthaube beim
Wechsel von der ersten Hubposition in die zweite Hubposition geméss den

Figuren 19a und 19b;

das Pumpsystem gemiss Figur 19a zu Beginn des Milchflusses aus der
Brust in einer ersten Hubposition;

das Pumpsystem gemiss Figur 20a in einer zweiten Hubposition;

eine grafische Darstellung des Drucks innerhalb einer Brusthaube beim
Wechsel von der ersten Hubposition in die zweite Hubposition geméss den

Figuren 20a und 20b;

das Pumpsystem gemiss Figur 19a wihrend des kontinuierlichen

Milchflusses aus der Brust in einer ersten Hubposition;
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Figur 21b das Pumpsystem geméss Figur 21a in einer zweiten Hubposition;
Figur 21c¢ eine grafische Darstellung des Drucks innerhalb einer Brusthaube beim

Wechsel von der ersten Hubposition in die zweite Hubposition gemiss den
Figuren 21a und 21b;

Figur 22a das Pumpsystem gemiss Figur 19a bei Beendigung des Milchflusses in
einer ersten Hubposition;

Figur 22b das Pumpsystem gemdss Figur 22a in einer zweiten Hubposition;

Figur 22¢ eine grafische Darstellung des Drucks innerhalb einer Brusthaube beim

Wechsel von der ersten Hubposition in die zweite Hubposition geméss den

Figuren 22a und 22b;

Figur 23a das Pumpsystem gemiss Figur 19a beim Entleeren in einer ersten
Hubposition;

Figur 23b das Pumpsystem geméss Figur 23a in einer zweiten Hubposition und

Figur 23c¢ eine grafische Darstellung des Drucks innerhalb einer Brusthaube beim

Wechsel von der ersten Hubposition in die zweite Hubposition gemiss den

Figuren 23a und 23b.

BESCHREIBUNG BEVORZUGTER AUSFUHRUNGSFORMEN

In den Figuren 1 bis 17 ist ein bevorzugtes Ausfithrungsbeispiel der erfindungsgemaissen

Brustpumpe dargestellt.

Die Zusammenschau der einzelnen Bauteile

Wie in Figur 1 erkennbar ist, ist die Brustpumpe kompakt aufgebaut. Sie weist ein
Pumpengehiduse 8 mit einer daran befestigten Brusthaube 2 und einem ebenfalls am
Pumpengehéuse 8 befestigten Milchsammelbehilter 9 auf. Im Pumpengehiduse 8 ist ein
Motor mit einem Kraftiibertragungselement, beispielsweise eine Spindel, angeordnet. Im
Pumpengehiuse 8 sind ferner mindestens eine elektronische Steuerung zur Steuerung des
Motors, Betitigungsschalter 86 zur Betitigung der Pumpe und ein Energiespeicher

vorhanden.
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Die Figuren 2 und 3 zeigen eine Explosionsdarstellung dieser Brustpumpe. Sie umfasst die
erwidhnte Brusthaube 2 zur Aufnahme der Mutterbrust, einen Ventilkérper 3 aus einem
flexiblen Material, insbesondere Silikon, ein Adapterteil 4, einen zweiteiligen Stellring 5,
eine Medientrennmembran 6, eine Pumpmembran 7, ein Tragermodul 8¢, welches Teil des

Pumpengehiuses 8 ist sowie den bereits erwihnten Milchsammelbehilter 9.

Der Milchsammelbehilter

Der Milchsammelbehilter 9 ist vorzugsweise auf der Unterseite des Pumpengehiuses 8 an
dieses einklinkbar, vorzugsweise l4sst es einschwenkbar l6sbar befestigen. Entsprechende
Einrastelement 901, 902 sind in Figur 17 erkennbar. Das Pumpengehiuse 8 weist dazu

passende, jedoch hier nicht dargestellte Einrastelemente auf.

Der Milchsammelbehilter 9 weist ein Gefiiss 90 mit einem Innenraum 900 zur Aufnahme
der abgepumpten Milch auf (siehe Figur 17). Dieses Gefiss 90 ist oben offen ausgebildet
und mit einem Deckel verschliessbar. Der Deckel umfasst ein steifes unteres Rahmenteil
91, eine steife, halbsteife oder flexible Abdeckung 92 und ein steifes oberes Rahmenteil
93. Das untere Rahmenteil 91 entspricht der Form des Umfangs der Offnung des Gefisses
90 und liegt dichtend auf diesem auf. Das steife obere Rahmenteil 93 klemmt die
Abdeckung zwischen unterem und oberen Rahmenteil 91, 93 ein. Vorzugsweise sind die
zwei Rahmenteile 91, 93 miteinander verleimt, verschweisst oder auf andere Art und
Weise nicht zerstérungsfrei voneinander 16sbar. Die Abdeckung 92 ist eine Folie oder ein
anderes membranghnliches Teil, welche luftdurchldssig aber fliissigkeitsundurchlissig ist.

Somit kann Luft aus dem Gefiss 90 entweichen, jedoch keine Fliissigkeit austreten.

Das obere Rahmenteil 93 entspricht vorzugsweise ebenfalls in seiner Form der Form des
Gefisses 90, insbesondere entspricht sein Rahmen 930 der Form des unteren Rahmenteils
91. Es ist in den Figuren 15 und 16 detailliert dargestellt. Im Rahmen 930 sind zur
Verstidrkung und als Schutz der Abdeckung 92 Streben 931 vorhanden. Ein Griff 933
erleichtert das Anheben des Deckels. Distanzstifte 934, welche auf dem Rahmen 930
angeordnet sind und diesen iiberragen, gewéhrleisten bei montiertem Milchsammelbehélter
9 einen Abstand zum Pumpengehiuse 8, so dass Luft aus dem Behilterinnenraum 900 in

die Umgebung entweichen kann. Eine Ventilaufnahme 932 ist am oberen Rahmenteil 93
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angeformt und bildet den einzigen Fliissigkeitszugang in den Innenraum des Gefisses 90.
In dieser Ventilaufnahme 932 ist ein Behélterventil 94 angeordnet, welches als
Einwegventil ausgebildet ist. Somit kann bei geschlossenem Deckel Fliissigkeit nur in den

Milchsammelbehilter 9 hinein gelangen, nicht jedoch hinaus. Das Behilterventil 94 ist

vorzugsweise, wie hier dargestellt, ein Entenschnabelventil.

Das Hygienemodul

In den Figuren 6 und 7 ist ein erfindungsgemisses Hygienemodul dargestellt. Es umfasst
mindestens den Stutzen 23 der Brusthabe 2, den Ventilkérper 3, das Adapterteil 4 sowie
den Stellring 5. Es kann zudem, wie hier dargestellt ist, auch eine flexible
Medientrennmembran 6 umfassen. Ist die Brusthaube einstiickig ausgefiihrt, so ist sie

gesamthaft Teil des Hygienemoduls.

Die genannten Teile lassen sich, wie in den Figuren 6 und 7 dargestellt, zu einer
gemeinsamen Baugruppe zusammenfiigen und gemeinsam im Trigermodul 8¢ losbar
befestigen. Hierfiir ist der Stutzen 23 der Brusthaube 2 vorzugsweise form- und
kraftschliissig in entsprechende Aufnahmen, hier zwei einander gegeniiberliegende
Seitenarme 80, des Triagermoduls 8‘ befestigbar. Vorzugsweise erfolgt die Verbindung
lber einen Bajonettverschluss, wie hier dargestellt ist. Der Stutzen 23 weist einen
entsprechenden Flansch 22 auf, die Seitenarme 80 des Tridgermoduls 8¢ entsprechende

Aufnahmen fiir den Flansch und die iibrigen Elemente des Bajonettverschlusses.

Dank der Befestigung der Brusthaube am Trdgermodul 8¢ und somit am Pumpengeh&use 8
sind auch die dazwischenliegenden Teile, d.h. der Ventilkérper 3, das Adapterteil 4 und die
Medientrennmembran 6 des Hygienemoduls sowie die Pumpmembran 7 miteinander dicht

verbunden.
Der Steliring 5 ist vorzugsweise nicht zerstérungsfrei losbar auf dem Adapterteil 4

befestigt, wobei er relativ zu diesem um die Lingsmittelachse des Hygienemoduls

schwenkbar ist.
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Im Folgenden werden die einzelnen Teile der Vorrichtung und deren Zusammenwirken

beschrieben.

Die Brusthaube

In den Figuren 8a und 8b ist die Brusthaube 2 dargestellt. Sie dient zur Aufnahme der
Mutterbrust. Sie weist einen Trichter 20 zur Auflage auf die Mutterbrust und einen
Innenraum 200 auf, welcher mit einem sich zyklisch @ndernden Unterdruck beaufschlagbar

ist und in welchem die Mutterbrust oder zumindest die Brustwarze aufgenommen wird.

Die Brusthaube ist vorzugsweise einstiickig und vorzugsweise aus einem steifen oder
halbsteifen Kunststoff gefertigt. Sie kann jedoch auch mehrteilig ausgefiihrt sein. Sie kann
zudem mit einem weichen Liner verwendet werden, z.B. mit einem Brusthaubeneinsatz aus

einem weichen Silikon.

Der Trichter 20 folgt ein Stutzen 23 mit einem mindestens teilweise umlaufenden Flansch
22, welcher einen Teil des genannten Bajonettverschlusses bildet. Der Innenraum 200 geht
auf der brustabgewandten Seite des Stutzens 23 in eine Durchgangséffnung 21 iiber,
welche einen in der Mittelldngsachse verlaufenden Kanal bildet. Am Stutzen 23, auf der
brustabgewandten Seite des Flansches 22 ist, ist auf zwei diametral gegeniiberliegenden

Seiten je eine Vertiefung vorhanden.

In der ersten Vertiefung ist eine erste Auslasséffnung 24 sowie eine winkelférmige erste
Durchfluss6ffnung 25 vorhanden. Die erste Auslassoffnung 24 fiihrt vom Innenraum 200
zur Aussenseite des Stutzens 23, genauer in die erste Vertiefung. Die erste
Durchfluss6ffnung 25 fiihrt von dieser ersten Vertiefung in einem vorzugsweise
rechtwinkligen Kanal zur brustabgewandten freien Stirnfliche des Stutzens 23. Auf dem
Umfang des Stutzens 23 ist neben der ersten Auslasséffnung 24, aber jedoch ausserhalb
der ersten Vertiefung, eine Beliiftungséffnung 26 vorhanden. Diese fithrt vom Innenraum

200 nach aussen.
Auf der diametral gegeniiberliegenden Seite des Stutzens 23 ist eine analoge zweite

Vertiefung mit einer zweiten Auslasséffnung 27 und einer zweiten Durchlasséffnung 28

vorhanden, welche gleich ausgebildet sind wie die ersten Offnungen. Des Weiteren ist
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ebenfalls ausserhalb der zweiten Vertiefung und neben der zweiten Auslassdffnung 27 eine
zweite Beliiftungséffnung 29 vorhanden. Diese zweite Liiftungséffnung 29 hat eigentlich
keine Funktion sondern ist bei bestimmungsgemissen Gebrauch der Vorrichtung
verschlossen. Damit die Brusthaube 2 jedoch in um 180° gedrehter Position ebenfalls am

Tragermodul 8¢ montiert werden kann, sind alle Offnungen symmetrisch angeordnet.

Der Ventilkorper

Die Figuren 9a bis 9d zeigen den Ventilkérper 3. Der Ventilkérper 3 ist aus einem
flexiblen Material, vorzugsweise aus Silikon, gefertigt. Er ist vorzugsweise einstiickig
ausgebildet. Er weist einen hohlzylinderformigen Grundkérper 30 mit einer Riickwand 31
auf. In der Riickwand befindet sich zentral eine Durchgangséffnung 32. Die Riickwand 31
weist auf der brustabgewandten Seite eine die Durchgangsoéffnung 32 ringformig
umlaufende Rille 312 auf, welche auf der gegeniiberliegenden, brustnahen Seite eine
Dichtflache 310 bildet. Der umlaufende Rand der Durchgangséffnung 32 ist auf der
brustabgewandten Seite mit einer umlaufenden Dichtlippe 311 versehen (siehe Figuren 9b
und 9c¢). Der Bereich der Riickwand 31 innerhalb der umlaufenden Dichtfliche 310 bildet

somit ein Ventil, welches wie weiter unten erléutert ist, als Basisvakuum-Ventil dient.

Der Grundkérper 30 weist auf der brustzugewandten Seite eine radial abstehende
Positioniernase 33 auf. Am Mantel des Grundkérpers 3 ist eine erste Noppe 34 sowie eine
Beliiftungsnoppe 35 vorhanden. Diametral gegeniiberliegend befindet sich eine zweite
Noppe 36. Die drei Noppen stehen radial nach aussen vor. Die erste Noppe 34 und die
zweite Noppe 36 sind massiv, d.h. nicht hohl, ausgebildet. Die Beliiftungsnoppe 35 weist

eine Durchgangsoffnung vom Innenraum des Grundkorpers 30 nach aussen auf.

Im Ringbereich der Riickwand 31 zwischen Dichtungsfliche 310 und Mantel des
Grundkorpers 30 sind einander ebenfalls diametral gegeniiber liegende Ventilklappen
vorhanden. Eine erste dieser Ventilklappen ist mit dem Bezugszeichen 37 versehen, eine
zweite dieser Ventilklappen mit dem Bezugszeichen 38. Sie befinden sich vorzugsweise

auf derselben Diagonalen wie die erste und der zweite Noppe 34, 36.

Der Stellring
Die Figuren 10a und 10b zeigen den Stellring 5. Er ist vorzugsweise steif und
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vorzugsweise aus Kunststoff ausgebildet. Der Stellring 5 besteht vorzugsweise aus zwei
Teilen. Ein erstes Teil 50 weist die Form eines halben Ringes auf und ist an beiden freien
Enden mit einem ersten Steckerteil 51 versehen. Der zweite Teil 52 weist ebenfalls die
Form eines halben Ringes auf und ist an seinen freien Enden mit je einem zweiten
Steckerteil 53 versehen. Der erste und zwei Teil 50, 52 bilden einen gemeinsamen Ring
und die zwei Steckerteil-Paare 51, 53 sind mit Einrastelementen 54 versehen, um sich
vorzugsweise unlosbar miteinander zu verbinden. Am inneren Umfang des Rings ist ein
teilweise umlaufender, nach innen radial vorstehender Anschlag 55 vorhanden, welcher
nach erfolgter Montage auf dem Adapterteil 4 ein erneutes Entfernen des Stellrings 5
verhindert. An der innere Wandung des Stellrings ist ein erstes und ein zweites
Anpresselement 56, 57 angeformt. Diese sind vorzugsweise radial nach innen vorstehende
Erhohungen, welche iiber eine Schrigfliche, auch Rampe genannt, in einen parallel zur
Ringinnenflache verlaufende Flidche iibergehen. Am ersten Teil 50 ist ein nach assen

vorstehender Betitigungshebel 58 angeformt.

Das Adapterteil

Die Figuren 1la bis 11c zeigen das Adapterteil 4. Es besteht vorzugsweise aus einem
steifen Material, vorzugsweise aus Kunststoff. Es weist einen hohlzylinderférmigen
Grundkorper 40 mit einer im Wesentlichen geschlossenen, flanschartigen pumpenseitigen
Wand 41 auf. Der Grundkorper 40 weist in seinem Mantel ein erstes Fenster 400 und ein
diametral gegeniiberliegendes zweites Fenster 401 auf. An der brusthaubennahen
Stirnfliche des Grundkorpers 40 ist eine Positionierhilfe 402 vorhanden, welche das
Gegenstiick zur Positioniernase 33 des Ventilkorpers 3 bildet und welche gemeinsam mit

der Positioniernase 33 der drehsicheren Positionierung des Ventilkorpers 3 dient.

Die pumpenseitige Wand 40 verlidngert sich in einer Richtung, welche hier als unten
bezeichnet wird, in eine Kanalwand 410. Die pumpenseitige Wand weist ferner einen
erhdhten zentralen Wandteil 42 auf, welcher in den brusthaubennahen Bereich ragt. Auf
der gegeniiberliegenden Seite des Wandteils 42, also dem Pumpengehéduse zugewandt, ist
somit eine konkave Fliche ausgebildet, welche die bereits genannte steife Schale bildet

und einen Teil der Pumpkammer 47 ist.

Zwischen dem erhshten Wandteil 42 und Mantel des Grundkorpers 40 ist in der

187



10

15

20

25

30

WO 2019/080995 PCT/EP2017/077141
23

pumpenseitigen Wand 41 eine erste Durchgangséffnung 43 und eine zweite
Durchgangssffnung 44 vorhanden. Die zwei Durchgangséffnungen 43, 44 liegen einander
diametral gegeniiber. Sie sind in diesem Beispiel kreisformig ausgebildet. Im Randbereich
des erhéhten Wandteils 42, jedoch bereits auf seiner Erhéhung, sind eine erste
Riickspiiloffnung 45 und eine zweite Riickspiiléffnung 46 vorhanden. Diese sind

vorzugsweise linglich ausgebildet. Diese Offnungen fiihren alle in die Pumpkammer 47.

Wie in Figur 11c zu erkennen ist, ist die konkave Schale der Pumpkammer 47 von einem
umlaufenden planen Rand umgeben, welche als Dichtfliache dient. In diesem Rand verliuft
eine Rinne 48, welcher vorzugsweise an einem obersten Punkt der Pumpkammer 47
beginnt und mit dieser iiber eine Auslassoffnung 480 in fluidkommunizierender
Verbindung steht. Der Kanal 48 verlduft entlang des Umfangs der Pumpkammer 47, hier
teilkreisformig, nach unten zu einem Auslass 49 hin. Der Auslass 49 befindet sich in der
Kanalwand 410.

Die Medientrennmembran

In den Figuren 12a bis 12c¢ ist die Medientrennmembran 6 dargestellt. Sie ist flexibel
ausgebildet, ist vorzugsweise einstiickig und vorzugsweise aus Silikon gefertigt. Sie weist
eine Membranfldache 60 auf, welche vorzugsweise in bekannter Weise mit mindestens einer
ringformigen Rille versehen ist. Ein Zentralbereich 61 der Membranfliche ist
vorzugsweise erhoht ausgebildet und dem Adapterteil 4 zugewandt. Der Rand der
Membranfldche 60 ist als Dichtfliche 62 ausgebildet und liegt dichtend am Rand des
Adapterteils 4 an, wodurch die Pumpkammer 47 gebildet wird. Eine Rinne 63 verlduft
innerhalb der Dichtfliche 62 entlang des Umfangs der Medientrennmembran 6 und bildet
den dichtenden Verschluss der Rinne 48 des Adapterteils 4. Eine dem Pumpengehiuse
zugewandte Vertiefung 64 im unteren Bereich der Medientrennmembran 6 dient als

Freiraum fiir einen Drucksensor, welcher nachfolgend noch beschrieben ist.

Die Medientrennmembran 6 weist vorzugsweise, wie in den Figuren dargestellt ist,
Versteifungen in Form von Rippen auf, welche die Funktionsweise der
Medientrennmembran sicherstellen. D.h. die Rippen gewihrleisten, dass sich die Membran
in gewiinschter Art und Weise bewegt und trotzdem stets dichtend an ihren benachbarten

Teilen anliegt.
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Die Pumpmembran

In den Figuren 13a bis 13c ist die Pumpmembran 7 dargestellt. Auch sie weist eine
Membranfliche 70 sowie einen Zentralbereich 71 auf. Im Gegensatz zur vollflichigen
Medientrennmembran 6 ist der Zentralbereich 71 der Pumpmembran 7 mit einer
Durchgangsoffnung72 versehen, deren Randbereich vorzugsweise eine Verstarkung 73,
hier in Form von Rippen, aufweist. Es ist wiederum eine umlaufende Dichtfliche 74
vorhanden, welche im zusammengesetzten Zustand der Vorrichtung dichtend auf der
entsprechenden Fliche des Trigermoduls 8¢ anliegt. Ausserhalb der Dichtfliche 74
befinden sich Seitenfliigel 77. Die Seitenfliigel 77 bilden zusammen mit der umlaufenden
planen Dichtfliche 74 (Figur 13b) im zusammengebauten Zustand eine dichte Barriere

gegeniiber von aussen einwirkenden Fliissigkeiten und schiitzen somit die Elektronik.

Der untere Bereich der Pumpmembran 7, welcher sich jedoch noch innerhalb der
geschlossenen umlaufenden Dichtfliche 74 befindet, ist als Drucksensor ausgebildet. Der
Drucksensor umfasst eine Sensorfliche 75 in Form einer Membran, welche iiber einen
Verbindungssteg mit der Membranfldche 70 verbunden ist, und einer Fahne 76, welche der
Sensorflache senkrecht in Richtung Pumpengehiuse vorsteht. Diese Art Drucksensor ist in
WO 2013/049944 A1 beschrieben.

Wie in den Figuren erkennbar ist, weisen die Medientrennmembran 6 und die
Pumpmembran 7 dhnliche Formen auf, insbesondere beziiglich ihrer zur Erzeugung des

Unterdrucks bewegbaren Bereiche.

Das Trigermodul

Das Trégermodul 8° ist in Figur 14 dargestellt. Es ist in einem Aussengehduse des
Pumpengehduses gehalten. Das Aussengehduse ist in Figur 1 sichtbar. Vorzugsweise ist
das Trdgermodul 8° in diesem Aussengehduse verschraubt. Die entsprechenden
Befestigungslocher sind mit dem Bezugszeichen 84 versehen. Das Tragermodul ldsst sich
einstiickig aus Kunststoff herstellen. Es kann jedoch auch mehrteilig und/oder aus einem
anderen Material gefertigt sein. Das Triagermodul 8‘ weist zwei vorstehende Seitenarme 10
mit einem Bajonettverschluss zur Aufnahme der Brusthaube 2 auf. Die Seitenarme sind

seitlich an einer Spindelaufnahme 82 angeordnet. Die Spindelaufnahme 82 weist ein
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Durchgangséffnung auf sowie einen umlaufenden Rand 85, welcher das Gegenstiick zur
Dichtfliche 74 der Pumpmembran 7 bildet. Auf der Spindelaufnahme 82 ist eine
Motoraufnahme 81 in Form einer Schale ausgebildet. Die Motoraufnahme 81 dient der

Halterung eines Elektromotors, welcher mit einer Spindel 83 (siehe Figur 4) verbunden ist.

Wirkungsweise der zusammengesetzten Baugruppe

Anhand der Figur 6 ldsst sich erkennen, wie die einzelnen Offnungen und Ventile

zusammenwirken.

Der Ventilkorper 3 lasst sich in den hohlzylindrischen Grundkérper 40 des Adapterteils 4
drehpositioniert einfihren. Der Stellring 5 ist dabei bereits unlésbar mit dem Adapterteil 4
verbunden, wobei das erste Anpresselement 56 durch das erste Fenster 400 nach innen ragt
und das zweite Anpresselement 57 durch das zweite Fenster 401 nach innen ragt. Die erste
Noppe 34 des Ventilkorpers 3 befindet sich dabei unterhalb des ersten Fensters 400 und die
zweite Noppe 36 oberhalb des ersten Fensters 401. Die Ventilklappen 37, 38 des
Ventilkorpers 3 befinden sich jeweils iiber der ersten bzw. der zweiten Durchgangsdffnung
43, 44 des Adapterteils. Die Dichtlippe 311 liegt dichtend auf dem erhthten Wandteil 42
auf, wobei die erste und zweite Riickspiil6ffnung in einem dichten Ringbereich zwischen

Rille 312 und Dichtlippe 311 angeordnet sind.

Wird nun die Brusthaube 2 eingesetzt, so liegt die erste Noppe 34 iiber der ersten
Auslassoffnung 24 und die Beliiftungsnoppe 35 liegt tiber der ersten Beliiftungsdffhung 26.
Die zweite Noppe 36 liegt iiber der zweiten Auslassoffnung 27. Die zweite
Beluftungssffnung 29 ist vom Mantel des Ventilkdrpers 4 uberdeckt und somit

verschlossen.

Wird nun die Brusthaube 2 mit dem Trigermodul 8° verbunden, so werden die einzelnen
Verbindungen zwischen den beschriebenen Kanilen und Offnungen erstellt und gegeniiber

aussen gedichtet.
In den Figuren 4 und 5 ist die erfindungsgemisse Brustpumpe im zusammen gesetzten

Zustand dargestellt. Wie gut erkennbar ist, weist dieses System praktisch keinen Totraum

auf.
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In Figur 4 ist die Spindel 83 erkennbar, welche die Pumpmembran 7 antreibt. Die
Medientrennmembran 6 hat eine Form, welche sich der Pumpmembran 7 anschmiegt, so
dass sich beide Membrane 6, 7 gemeinsam bewegen und auch hier keine Verluste
auftreten. Das Pumpengehduse 8, genauer das Trdgermodul 8¢ weist eine Riickwand 85
auf, an welcher die Pumpmembran 7 dichtend anliegt, wenn das Hygienemodul am
Tragermodul 8¢ befestigt ist. Dies ist in den Figuren 4 und 5 gut erkennbar. Der Stellring 5
ist schwenkbar innerhalb der Seitenarme 80 angeordnet, wobei der Betitigungshebel 58
auch als Anzeigeelement dient. Er bewegt sich entlang einer Anzeige 87, welche am
Pumpengehiduse 8 angebracht ist und welche dem Benutzer somit Auskunft iiber die
Stellung einzelner Ventile gibt und somit den Betriebszustand der Pumpe gibt. D.h. es wird
angezeigt, ob die Pumpe betriebsbereit zum Abpumpen ist oder sich im

Entleerungszustand befindet. Dies wird nachfolgend erlautert.

Durch Drehen des Stellrings 5 lassen sich einzelne Ventile manuell 6ffnen und schliessen.
Genauer lassen sich die erste Auslass6ffnung 24 gemeinsam mit der ersten
Durchflusséffnung 25 altemativ zur zweiten Auslassdffnung 27 gemeinsam mit der
zweiten Durchfluss6ffnung 28 manuell 6ffien und schliessen. Die erste Beliiftungséffnung
26 wird gemeinsam mit der zweiten Auslasséffnung 27 und der zweiten Durchflusséffnung
28 geoffnet und geschlossen. Die zweite Beliiftungsoffnung 29 bleibt aufgrund ihrer

Position innerhalb des Ventilkérpers 3 stets geschlossen.

Ist die Brusthaube 2 derart relativ zum Ventilkérper 3 positioniert, dass die zweiten
Offnungen an der Position der ersten Offnungen liegen, wird selbstverstindlich die zweite

anstelle der ersten Beliiftungsdffnung gesffnet und geschlossen.

In einer ersten Stellung, die zu Beginn des Abpumpvorgangs und wihrend des gesamten
Abpumpvorgangs gewihlt ist, wird die zweite Noppe 36 des Ventilkorpers 3 durch das
zweite Anpresselement 57 des Stellrings nach unten gedriickt und liegt auf der Vertiefung
und somit der zweiten Auslasséffnung 27 und der zweiten Durchflusséffnung 28 der
Brusthaube 2 auf. Zudem wird die Beliiftungsnoppe 35 durch das erste Anpresselement 56
auf die erste Beliiftungs6ffnung 26 gedriickt und verschliesst diese. Die erste Noppe 34 des

Ventilkérpers 3 ist hingegen freigeben, so dass die erste Auslassoffnung 24 und die erste
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Durchfluss6ffnung 25 einen fluidkommunizierenden Kanal vom Innenraum 200 der
Brusthaube in den Grundkérper 30 des Ventilkérpers 3 bilden. Dies ist am besten in den

Figuren 2, 3 und 6 erkennbar.

In einer zweiten Stellung wird der Stellring 5 gedreht. Das erste Anpresselement 56 gibt
die Beliiftungsnoppe 35 und somit die erste Beliiftungséffnung 26 frei, presst hingegen die
erste Noppe 34 auf die Vertiefung und verschliesst somit die erste Auslasséffnung 24 und
die erste Durchfluss6ffnung 25. Das zweite Anpresselement 57 gibt zudem die zweite
Noppe 36 frei, so dass nun die zweite Auslass6ffnung 27 und die zweite
Durchfluss6ffnung 28 einen offenen, durchgehenden Kanal vom Innenraum 200 der
Brusthaube 2 in den Ventilk6rper 3 bilden. Die zweite Auslass6ffnung 27 und die zweite
Durchfluss6ffnung 28 bilden einen Entleerungskanal, welcher weiter unten noch genauer

beschrieben wird.
Das gegenseitige Offnen und Schliessen erfolgt vorzugsweise gleichzeitig. Es ist jedoch
auch moglich, die Anpresselemente so versetzt anzuordnen, dass in einem

Zwischenzustand alle Offnungen verschlossen sind.

Abpumpen der Muttermilch und Entleerungsvorgang

Damit Milch von der Mutterbrust abgepumpt werden kann, wird der Betitigungshebel 58
und somit der Stellring 5 in die erwihnte erste Stellung gebracht. Mittels des Antriebs wird
die Pumpmembran 7 gemeinsam mit der Medientrennmembran 6 zum Adapterteil 4 hin
und zuriickbewegt, so dass in der Pumpkammer 47 und im Innenraum 200 der Brusthaube
2 ein Unterdruck entsteht. Die Vakuumleitung von der Pumpkammer 47 in den Innentraum
200 der Brusthaube 2 ist dabei gebildet durch die erste Durchgangséffnung 43 im
Adapterteil 4, die Offnung im Ventilkorper 3 bedeckt durch die erste Ventilklappe 37
sowie den Kanal gebildet durch die erste Durchflusséffnung 25 und die erste

Auslasséffnung 24 in der Brusthaube.

Das Basisvakuumventil, unter anderem gebildet durch die Dichtlippe 311 des
Ventilkdrpers 3, erméglicht die Erhaltung eines Basisunterdrucks im Innenraum 200 der
Brusthaube 2, wenn der Pumphub in Richtung Atmosphérendruck verlduft. Das

Basisvakuumventil 6ffnet sich beim Pumphub in Richtung Atmosphdrendruck und
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schliesst erst bei Erreichen eines vorgegebenen Minimaldrucks im Innenraum 200. Die
Wirkungsweise wird weiter unten anhand eines Schemas nochmals genauer erliutert. Der
Riickfluss der Luft in die Brusthaube 2 erfolgt iiber die erste und zweite Riickspiiloffnung
45, 46, des Adapterteils 4, die Durchgangséffnung 32 des Ventilkorpers 3 und die
Durchgangséffnung 21 der Brusthaube 2.

Durch Anlegen dieses Vakuums an die Mutterbrust wird diese stimuliert und Milch fliesst
aus der Brust in den Innenraum 200 der Brusthaube 2. Der Innenraum 200 fiillt sich, bis
der Fiillstand der Milch die erste Auslasséffnung 24 erreicht. Die Brusthaube 2 wird dabei
vorzugsweise so gehalten, dass sich diese erste Auslasséffnung 24 in einem oberen Bereich

der Brusthaube 2 befindet.

Die abgepumpte Milch fliesst dann durch den Kanal, gebildet durch die erste
Auslassoffnung 24 und die erste Durchlass6ffnung 25, und durch die von der ersten
Ventilklappe 37 bedeckten Offnung in das Adapterteil 4, wo sie durch die erste

Durchgangsdffnung 43 in die Pumpammer 47 gelangt.

Die Pumpkammer 47 fullt sich ebenfalls mit Milch, bis die oben angeordnete
Auslassdffnung 480 erreicht ist. Die Milch fliesst anschliessend durch den Kanal, gebildet
durch die Rinne 48 des Adapterteils 4 und der Rinne 63 bzw. der Abdeckung der
Medientrennmembran 6 durch den Auslass 49 aus dem Hygienemodul heraus und durch

das Behilterventil 94 in den Milchsammelbehélter 9.

Wenn der Pumphub jeweils von Erzeugung eines Unterdrucks in Richtung
Atmosphérendruck, so 6ffnet sich zuerst das Basisvakuum-Ventil und ermdéglicht einen
Teilrtickfluss der Luft bzw. der Milch Innenraum 200. Dieser Teilriickfluss erfolgt durch
die erste und zweite Riickspiiloffnung 45, 46, das offene Basisvakuumventil, die
Durchgangséffnung 32 und die Durchgangs6ffnung 21. Das Ventil schliesst sich bei einem
bestimmten Vakuumwert im Innenraum, so dass der Druck nicht weiter Richtung

Atmosphirendruck ansteigen kann.

Wenn die Mutter das Abpumpen der Milch beenden will bzw. wenn keine Milch mehr aus

der Brust fliesst, so schwenkt sie den Stellring 5 in die zweite Stellung. Der bisher beniitzte
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Vakuum- und Milchkanal wird verschlossen, indem die erste Auslasséffnung 24 und die
erste Durchlass6ffnung 25 verschlossen werden. Dabei 6ffnen sich jedoch die zweite
Auslassoffnung 27, die zweite Durchlasséffnung 28 und die erste Beliiftungs6ffnung 26.
Diese Umstellung kann bei laufender Pumpe, d.h. bei nach wie vor angetriebener
Pumpmembran 7, erfolgen. Die Pumpe kann hierfiir auch abgestellt und anschliessend
wieder in Betrieb genommen werden. Da die Pumpe nun weiter saugt, wird die sich noch
im Innenraum 200 der Brusthaube 2 befindliche, bereits aus der Mutterbrust abgepumpte
Milch durch die zweite Auslosséffnung 27, die zweite Durchlasséffnung 28, die durch die
zweite Ventilklappe 37 verdeckte Offnung des Ventilkdrpers 3 und die zweite
Durchgangs6ffnung 44 des Adapterteils 4 in die Pumpkammer 47 gepumpt. Von dort wird
sie durch die Bewegung der Pumpmembran 7 und der Medientrennmembran 6 aus der
Pumpkammer 47 in Richtung Auslass6ffnung 480 verdringt. Sie fliesst somit ebenfalls
durch die Rinne 48 und den Auslass 49 in den Milchsammelbehilter 9. Auf diese Weise
lassen sich sowohl der Innenraum 200 der Brusthaube 2 wie auch die Pumpkammer 47
anndhernd vollstindig entleeren. Die Vorrichtung lédsst sich zudem in eine Schriglage
bringen, um die gesamte Milch aus dem System in den Milchsammelbehilter 9 zu

entleeren.

Zu beachten ist, dass zu Beginn des Abpumpvorgangs die Brustpumpe vorzugsweise so
gehalten wird, dass sich die erste Auslassoffnung 24 der Brusthaube und die
Auslass6ffnung 480 der Pumpkammer 47 in einem oberen Bereich des jeweiligen
Hohlraums befinden. Dadurch kann Luft aus dem System entweichen und die zwei
Hohlkammern werden relativ schnell mit Milch gefiillt. Dies erméglicht ein moglichst
rasches Wechseln von einem rein pneumatischen Pumpsystem mit Luft als Arbeitsfluid in
ein reines oder mehrheitliches hydraulisches Pumpsystem, in welchem Milch das
Arbeitsfluid bildet oder zumindest einen grossen Anteil des Arbeitsfluids bildet. Es ist
jedoch nicht zwingend notwendig, dass die Offnungen zu Beginn des Abpumpvorgangs
derart angeordnet sind. Der Wechsel von einem Pumpsystem in das andere bendtigt

einfach lidngere Zeit und/oder kann nicht vollstindig vollzogen werden.
Sobald die Milch den Innenraum 200 und die Pumpkammer 47 teilweise geflutet hat,

vorzugsweise bis zu den genannten Offnungen, kann die Brustpumpe in eine beliebige

Position gebracht werden. Dies gilt nicht nur fiir die Brusthaube 2 und die Pumpkammer
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47, sondern insbesondere auch fiir den Milchsammelbehilter 9. Dank des als
Riickschlagventil ausgebildeten Behalterventils 94 und dank der
flissigkeitsundurchldssigen Abdeckung 92 kann der Milchsammelbehdlter 9 sogar auf den

Kopf gestellt werden, ohne den Betrieb der Brustpumpe zu beeintrichtigen.

In bevorzugten Ausfithrungsformen ist die Brusthaube und auch der Stellring beleuchtet,
damit die Mutter auch in der Nacht wihrend des Abpumpens eine Sichtkontrolle

durchfiihren kann.

Die oben beschriebene Brustpumpe ist lediglich ein Ausfithrungsbeispiel, in welcher das
erfindungsgemésse Prinzip umgesetzt und das erfindungsgemésse Verfahren angewendet
werden kann. In den Figuren 18 bis 23c ist deshalb nochmals schematisch dargestellt,

worin der Kern der erfindungsgemassen Ideen liegt.

Grundprinzip

In Figur 1 ist schematisch die Brusthaube 2 mit dem Innenraum 200 dargestellt. Die
Brusthaube 2 ist dichtend auf eine Mutterbrust angelegt, die Brustwarze W ragt den
Innenraum 200 hinein. Der Innenraum 200 ist iiber eine Auslassoffnung 16 mit einer
Pumpkammer 47 verbunden. Eine zusitzliche Entleerungséffnungl9 fiihrt ebenfalls vom
Innenraum 200 zur Pumpkammer 47. Die Auslassdéffnung 16 ist mit einem Pumpventil 12
versehen, die Entleerungsdffnung mit einem Entleerungsventil 14. Ein Basisvakuumventil
13 schliesst eine dritte Offnung 17 zwischen Vakuumkammer 47 und Innenraum 200 der
Brusthaube 2. Eine mit einem Beliiftungsventil 11 verschliessbare Beliiftungséffnung 15

filhrt zudem vom Innenraum 200 der Brusthaube 2 nach aussen.

Das Volumen der Pumpkammer 47 ist mittels eines Pumpmittels 10, beispielsweise einer
Pumpmembran oder einem Kolben, verdnderbar. Das Pumpmittel 10 ist angetrieben,

beispielsweise mittels einer Spindel 100.
Von der Pumpkammer 47 fiihrt eine Auslasséffnung 480 in einen Milchsammelbehilter 9.

Der Einlass in den Milchsammelbehilter 9 ist vorzugsweise mit einem Riickschlagventil,

hier Behilterventil 94 genannt, versehen. Der Milchsammelbehilter 9 ist beliiftet,
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vorzugsweise ist hierfiir ein Einlass 95 mit einem Einlassventil 96 vorhanden.

Der Vergleich mit dem oben ausfiihrlich beschriebenen Ausfiihrungsbeispiel zeigt, dass die
Beliiftungséffnung 15 und das Beliiftungsventil 11 der ersten Beliiftungsoffnung 26, der

Beltiftungsnoppe 35 und dem ersten Anpresselement 56 entsprechen.

Die Auslassoffnung 16 und das Basisvakuumventil 12 der schematischen Darstellung
entsprechen der ersten Auslasséffnung 24, der ersten Durchflussoéffnung 25, der erste
Noppe 34, dem ersten Anpresselement 56 sowie der ersten Ventilklappe 37 des konkreten

Ausfiihrungsbeispiels.

Die Entleerungsoffnung 19 und das Entleerungsventil 14 der schematischen Darstellung
entsprechen der zweiten Auslassoffnung 27, der zweiten Durchflussoffnung 28, der
zweiten Noppe 36, dem zweiten Anpresselement 57 sowie der zweiten Ventilklappe 38 des

konkreten Ausfithrungsbeispiels.

Die Basisvakuumventil 13 sowie die dritte Offnung 17 der schematischen Darstellung
entsprechen der Dichtlippe 311, der ersten und zweiten Riickspiiléffnung 45, 46 sowie der

Durchgangs6ffinung 32 im Ventilkorper 3 des konkreten Ausfiihrungsbeispiels.

Das Behilterventil 94 der schematischen Darstellung entspricht dem Behilterventil des

konkreten Ausfiihrungsbeispiels.

Der Einlass 95 und das Einlassventil 96 der schematischen Darstellung sind in dem oben
beschriebenen konkreten Ausfithrungsbeispiel durch die luftdurchldssige und
fliissigkeitsundurchlassige Abdeckung, d.h. durch eine entsprechend gewihlte
Abdeckfolie, gebildet.

Diese Ventile lassen sich auch auf andere Art und Weise verwirklichen. Die
Ventiléffnungen koénnen auch in einem zusatzlichen Modulteil untergebracht sein, welches
mit der Brusthaube l6sbar verbunden ist. Zudem kénnen die Auslasséffnung 16 und/oder
die Entleerungséffnung 19 als Kanal ausgebildet sein, welcher in einer Leitung,

insbesondere einer flexiblen Leitung verlauft. Je nach Ausbildung dieser Leitung kann die
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Pumpkammer beabstandet zur Brusthaube und je nach Ausfithrungsform auch beabstandet
zu einem Ventilmodul angeordnet sein. Die Ventile lassen sich vorzugsweise in einem
Modul unterbringen, welches zwischen Pumpkammer und Brusthaubentrichter angeordnet
ist. Ist die Pumpkammer beabstandet zur Brusthaube angeordnet, so kann das Ventilmodul
benachbart zur Pumpkammer oder benachbart zur Brusthaube angeordnet sein bzw. ein

Bestandteil der Brusthaube sein.

Im Folgenden wird die Funktionsweise erliutert:
In der Darstellung gemadss Figur 18 ist die Pumpe noch nicht eingeschaltet. Die Ventile
sind bis auf das Einlassventil 96 des Milchsammelbehilters 9 geschlossen. In allen

Bereichen herrscht Atmosphérendruck, d.h. p=0.

In der Darstellung gemiss den Figuren 19a bis 19c beginnt der Pumpvorgang und die
Mutterbrust wird durch den angelegten Unterdruck stimuliert. Das Pumpventil 12 kann
sich offnen und schliessen. Im konkreten Ausfithrungsbeispiel ist hierfiir die erste
Auslass6ffnung 24 und die erste Durchflusséffnung 25 freigegeben und die erste
Ventilklappe 37 offnet und schliesst das Ventil. Das Entleerungsventil 14 ist fest
verschlossen. Im konkreten Ausfiihrungsbeispiel erfolgt dies, indem der Stellring 5 in die
entsprechende Position gebracht wird und die zweite Auslasséffnung 27 und die zweite
Durchfluss6ffnung 28 fest verschliesst. Ebenso bleibt das Beliiftungsventil 11 fest
verschlossen. Im konkreten Ausfiihrungsbeispiel wird dies erreicht, indem mittels des

Stellrings 5 die erste Noppe 34 die erste Beliiftungsoffnung 26 verschliesst.

Das Pumpmittel 10, vorzugsweise eine Pumpmembran oder ein Kolben, wird nach aussen
gezogen, um einen Unterdruck in der Pumpkammer 47 zu erzeugen (hier z.B. -
150 mmHg). Das Pumpventil 12 6ffnet sich und der Unterdruck wird in den Innenraum
200 der Brusthaube 2 iibertragen, bzw. Luft stromt aus diesem Innenraum in die
Pumpkammer 47. Auch im Innenraum herrscht somit ein Unterdruck, optimalerweise
derselbe Druck von beispielsweise ~150 mmHg. Der Druckverlauf im Innenraum 200 ist in
Figur 19c¢ dargestellt. Der Druck gemiss Bezugszeichen a) entspricht dem Druck im
Innenraum 200 gemdiss Figur 19a. Das Behilterventil 94 bleibt geschlossen. Der Druck im

Milchsammelbehilter 9 betriigt nach wie vor Atmosphérendruck, d.h. p=0.
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Wird das Pumpmittel 10 nun zuriickgeschoben und die Pumpkammer 47 im Volumen
verkleinert, so schliesst sich das Pumpventil 12 und der Druck in der Pumpkammer 47
erhdht sich bis zum Atmosphérendruck p=0. Der Druck im Innenraum 200 steigt aufgrund
des nun gesffneten Basisvakuumventils 13 ebenfalls an. Da sich das Basisvakuumventil 13
jedoch bei einem bestimmten Unterdruck schliesst, wird ein Basisvakuum im Innenraum
200 beibehalten. Dieser liegt beispielsweise bei -20 mmHg. Diese Situation ist in Figur

19b gezeigt und der Druckverlauf in Figur 19¢ mit b) bezeichnet.

Durch Vergleich der Figuren 19a und 19b zeigt sich auch, wie sich die Brustwarze W im

Innenraum 200 dehnt und wieder zusammenzieht.

In den Figuren 20a bis 20c hat der Milchfluss aus der Mutterbrust begonnen. Die Milch ist
in den Figuren mit dem Bezugszeichen M versehen. Der Innenraum 200 der Brusthaube 2
fiillt sich mit abgepumpter Milch. Es entsteht ein Milchsee unterhalb des Pumpventils 12.
Dank der nun vorhandenen Milch erhoht sich die Pumpleistung bei gleichbleibender
Antriebsleistung, beispielsweise auf -170 mmHg in der Pumpkammer 47 und dem
Innenraum 200. Nach wie vor 6ffnet und schliessen sich bei jedem Pumphub das
Pumpventil 12 und das Basisvakuumventil 13, wobei das Entleerungsventil 14 und das
Beliiftungsventil 11 geschlossen bleiben. Figur 20a zeigt die Situation bei maximalem
Unterdruck (absoluter Wert), welcher auch mit a) in Figur 20c gekennzeichnet ist. Figur
20b zeigt die Situation bei Beibehaltung des Basisunterdrucks im Innenraum 200 und

Atmosphiérendruck in der Pumpkammer 47, was in Figur 20c mit b) gekennzeichnet ist.

Sobald sich der Innenraum 200 mit Milch M bis zur Auslasséffnungen 16 gefiillt hat,
fliesst Milch M durch das Pumpventil 12 in die Vakuumkammer 47. Die abgepumpte
Milch M fiillt nun auch die Vakuumkammer 47 bis ihr Fiillstand die Auslasséffnung 480
zum Milchsammelbehilter 9 erreicht. Nun 6ffnet sich das Behilterventil 94, vorzugsweise
auf Grund des Drucks der angesammelten Milch M und Milch M fliesst in den

Milchsammelbehilter 9.

Die Figuren 21a bis 21c zeigen die Situation, in welcher sich optimalerweise keine Luft

mehr im System befindet und das urspriingliche pneumatische System vollstindig auf ein
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hydraulisches System gewechselt hat. In der Praxis ist oft ein gemischtes System
vorhanden, wobei die abgepumpte Milch vorzugsweise einen wesentlichen Teil der

Volumina fiillt und somit das Hauptarbeitsfluid bildet.

Wie bereits anhand der Figuren 19a bis 19c erldutert, 6ffnen und schliessen sich das
Pumpventil 12 und das Basisvakuumventil 13 nach Massgabe des Pumphubs, so dass ein
Unterdruck im Innenraum 200 erzeugt und eine Basisunterdruck beibehalten werden kann.
Der Druck in der Vakuumkammer 47 wechselt dabei beispielsweise zwischen -250 mmHg
und 0 mmHg, der Druck im Innenraum zwischen -250 mmHg und -20 mmHg. Der Druck

im Milchsammelbehilter 9 bleibt bei Atmosphérendruck, also bei 0 mmHg.

In den Figuren 22a bis 22c ist die Situation dargestellt, wenn keine Milch mehr aus der
Brust fliesst. Das System pumpt zuerst noch weiter, wobei der Pumpdruck nicht mehr
ausreicht, um das Behilterventil 94 zum Milchsammelbehélter 9 zu 6ffnen. Dies ist der
Zeitpunkt, an welchem das Pumpventil 12 vollstindig geschlossen und dafiir das
Entleerungsventil 14 aktiviert wird, so dass sich dieses nun selbsttitig 6ffnen und
schliessen ldsst. Im konkreten Ausfithrungsbeispiel wird hierfiir der Stellring 5 manuell
verstellt. Andere Arten, diese zwei Ventile zu aktivieren bzw. deaktivieren sind jedoch

moglich. Beispielsweise lassen sie sich mit einer entsprechenden Elektronik steuem.

In den Figuren 23a bis 23c ist nun das Pumpventil 12 fest verschlossen und dafiir der
Entleerungskanal und das Entleerungsventil 14 ge6ffnet. Das Pumpmittel 10 bewegt sich
weiter und erzeugt nach wie vom in der Pumpkammer 47 einen sich von einem maximalen
Unterdruck zur Atmosphirendruck wechselnden Druck. Nach Massgabe dieser Bewegung
6ffnet und schliesst sich, wie vorher das Pumpventil 12, auch das Entleerungsventil 14 und
pumpt somit die Milch M aus dem Innenraum 200 in die Pumpkammer 47. Von dort wird
sie in den Milchsammelbehilter 9 gefordert, vorzugsweise zuerst mittels Unterdruck und
anschliessend mittels Verdrangung durch das Pumpmittel 10. Das Entleerungsventil 14
befindet sich in dieser Pumpsituation vorzugsweise an einer tiefen Stelle der Brusthaube,
vorzugsweise relativ weit unten. Der sinkende Milchsee im Innenraum ist in den Figuren
23a und 23b gut erkennbar. Die Figuren 23a und 23b zeigen wiederum die zwei
Extremsituationen eines Pumphubs. Der Druckverlauf ist in Figur 23c¢ dargestellt. Der

Druckverlauf im Innenraum 200 ist relativ unspezifisch.
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Die Pumpe wird somit wihrend des Entleerens weiterhin betitigt. Sollte sich zum Schluss
noch Milch in der Vakuumkammer 47 befinden, lisst sie sich durch Kippen oder ,.auf den

Kopf stellen der Pumpe einfach in den Milchsammelbehilter 9 leiten.

Die erfindungsgemisse Brustpumpe und das erfindungsgemisse Verfahren erméglichen
somit die Verwendung von abgepumpter Milch in einem hydraulischen Pumpsystem,

wodurch der Antrieb der Pumpe minimiert werden kann.
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PATENTANSPRUCHE

1. Brustpumpe zum Abpumpen von menschlicher Muttermilch, wobei die Brustpumpe
ein Gehduse mit einer Antriebseinheit, eine Pumpkammer mit einer von der
Antriebseinheit angetriebenen flexiblen Pumpmembran zur Erzeugung eines
Vakuums und eine Brusthaube mit einem Innenraum zur Aufnahme einer
Mutterbrust aufweist,
wobei der Innenraum mittels der Pumpkammer mit einem sich zyklisch #ndernden
Unterdruck beaufschlagbar ist,
wobei ein Milchkanal vom Innenraum durch eine erste Einlassdéffnung in die
Pumpkammer fiihrt, wobei abgepumpte Milch vom Innenraum der Brusthaube durch
den Milchkanal in die Pumpkammer fliesst, und wobei die Pumpkammer eine
Auslassoffnung aufweist, durch welche die abgepumpte Milch von der Pumpkammer
in einen Milchsammelbehélter fliesst,
dadurch gekennzeichnet,
dass ein mehrteiliges Hygienemodul vorhanden ist, wobei das Hygienemodul einen
ersten Teil mit einer Durchflusséffnung zur Verbindung mit dem Innenraum, einen
Ventilkdrper mit mindestens einem Ventil und einen zweiten Teil mit einer steifen
Schale zur Bildung der Pumpkammer aufweist, wobei der Ventilkérper zwischen
dem ersten und zweiten Teil angeordnet ist und wobei das Hygienemodul als Ganzes

mit dem Geh#use der Brustpumpe dichtend und l6sbar verbindbar ist.
2. Brustpumpe nach Anspruch 1, die steife Schale einen Milchpfad aufweist, welcher
von der Pumpkammer in einen Milchsammelbehalter fiihrt und welcher mindestens

iiber einen Teilbereich senkrecht zu einer Antriebsachse der Pumpmembran verlduft.

3. Brustpumpe nach einem der Anspriiche 1 oder 2, wobei der Ventilkdrper mindestens

ein Durchflussventil und ein Beliiftungsventil aufweist.

4. Brustpumpe nach einem der Anspriiche 1 bis 3, wobei der Ventilkorper einstiickig

aus einem flexiblen Material gebildet ist.
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Brustpumpe nach einem der Anspriiche 1 bis 4, wobei der erste Teil Bestandteil der

Brusthaube ist.

Brustpumpe nach einem der Anspriiche 1 bis 5, die Brusthaube einen Flansch zur

16sbaren Verbindung mit dem Gehiuse aufweist.

Brustpumpe nach Anspruch 6, wobei die Verbindung form- und kraftschliissig,

vorzugsweise ein Bajonettverschluss, ist.

Brustpumpe zum Abpumpen von menschlicher Muttermilch, wobei die Brustpumpe
eine Brusthaube mit einem Innenraum zur Aufnahme einer Mutterbrust und eine
Pumpkammer aufweist, wobei der Innenraum mittels der Pumpkammer mit einem
sich zyklisch dndernden Unterdruck beaufschlagbar ist, wobei ein Milchkanal vom
Innenraum durch eine erste Einlass6ffnung in die Pumpkammer fiihrt, durch welchen
abgepumpte Milch vom Innenraum der Brusthaube in dic Pumpkammer fliesst, und
wobei die Pumpkammer c¢ine Auslassoéffnung aufweist, durch welche die
abgepumpte Milch von der Pumpkammer in einen Milchsammelbehilter fliesst,
dadurch gekennzeichnet, dass die Auslass6ffnung in vertikaler Gebrauchslage der
Brustpumpe mindestens zu Beginn eines Abpumpvorgangs in einem oberen Bereich

der Pumpkammer und/oder oberhalb der Einlassoéffnung angeordnet ist.

Brustpumpe nach Anspruch 1, wobei der Milchkanal einen Vakuumkanal zur
Beaufschlagung des Innenraums der Brusthaube mit dem sich zyklisch #dndernden
Unterdruck bildet.

Brustpumpe nach einem der Anspriiche 8 oder 9, wobei die Pumpkammer eine steife
erste Schale und eine flexible Pumpmembran aufweist, wobei die Pumpmembran
dichtend an der ersten Schale anliegt und wobei die Pumpmembran angetrieben ist
und durch deren Bewegung relativ zur ersten Schale ein Unterdruck in der

Pumpkammer erzeugbar ist.

Brustpumpe nach Anspruch 10, wobei zwischen der steifen Schale und der flexiblen

Pumpmembran eine flexible Medientrennmembran angeordnet ist, so dass die
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Pumpmembran vor einem Kontakt mit abgepumpter Milch geschiitzt ist.

Brustpumpe nach einem der Anspriiche 10 oder 11, wobei die erste Schale eine
Auslassrinne aufweist, welche sich von der Auslass6ffnung der Pumpkammer zu
einem Ausgang erstreckt, wobei die Auslassrinne sich mindestens iiber einen
Teilbereich in einer Richtung senkrecht zur Bewegungsrichtung der Pumpmembran

verlauft.

Brustpumpe nach einem der Anspriiche 11 oder 12, wobei die Pumpmembran, oder,
falls vorhanden, die Medientrennmembran die Auslassrinne der steifen ersten Schale
zu einem bis auf die Ausléss6ffnung und den Ausgang geschlossenen Kanal

verschliesst.

Brustpumpe nach einem der Anspriiche 1 bis 13, wobei die Brusthaube eine erste
Durchlassoffnung  aufweist, welche Teil des Milchkanals bildet, wobei die
Durchlasséffnung in Gebrauchslage der Brusthaube mindestens zu Beginn des
Abpumpvorgangs in einem oberen Bercich des Innenraums angeordnet ist, so dass
der Innenraum unterhalb der ersten Durchlasséffnung mit abgepumpter Milch
befiillbar ist.

Brustpumpe nach einem der Anspriiche 1 bis 14, wobei der Milchkanal mittels eines
ersten Ventils verschliessbar ist, um am Ende des Abpumpvorgangs die abgepumpte

Milch aus der Pumpkammer zu entfernen.

Brustpumpe nach einem der Anspriiche 1 bis 15, wobei ein Entleerungskanal
zwischen dem Innenraum der Brusthaube und der Pumpkammer vorhanden ist,
welcher getrennt vom Milchkanal verlauft, und wobei der Entleerungskanal mittels
eines zweiten Ventils verschliessbar ist, wobei der Entleerungskanal wihrend des

Abpumpvorgangs geschlossen ist und am Ende des Abpumpvorgangs getffnet ist.

Brustpumpe nach einem der Anspriiche 1 bis 16, wobei ein Beliiftungsventil zur

Beliftung des Innenraums der Brusthaube vorhanden ist.
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Brustpumpe nach den Anspriichen 16 und 17, wobei das Beliiftungsventil
gemeinsam mit dem zweiten Ventil verschliessbar ist und sich gemeinsam mit

diesem 6ffnen lisst.

Brustpumpe nach einem der Anspriiche 1 bis 18, wobei ein drittes Ventil vorhanden
ist, welches bei Druckanstieg des zyklisch sich @ndernden Unterdrucks im Innenraum

der Brusthaube einen Basisunterdruck beibehilt.

Brustpumpe nach einem der Anspriiche 1 bis 19, wobei im Milchkanal ein viertes
Ventil vorhanden ist, welches sich nach Massgabe des angelegten Unterdrucks 6ffnet

und schliesst.

Brustpumpe nach einem der Anspriiche 1 bis 20, wobei im Entleerungskanal ein
flinftes Ventil vorhanden ist, welches sich nach Massgabe des angelegten

Unterdrucks §ffnet und schliesst.

Brustpumpe nach einem der Anspriiche 1 bis 21, wobei mindestens ein Teil,
vorzugsweise alle, der genannten Ventile in einem gemeinsamen Ventilkorper

angeordnet sind.

Brustpumpe nach Anspruch 22, wobei der Ventilkérper einstiickig und flexibel

ausgebildet ist.

Brustpumpe nach einem der Anspriiche 10 bis 23, sofern riickbezogen auf Anspruch
10, wobei die Brustpumpe ein Pumpengehduse mit einem Antrieb fiir die
Pumpmembran aufweist und wobei die steife erste Schale losbar mit dem

Pumpengehduse verbunden ist.
Brustpumpe nach Anspruch 24, wobei die erste steife Schale Bestandteil eines
mehrteiligen Moduls ist, welches gemeinsam mit dem Pumpengehiuse verbindbar

ist, wobei das Modul des Weiteren mindestens die genannten Ventile aufweist.

Brustpumpe nach den Anspriichen 23 und 25, wobei die erste steife Schale
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Bestandteil eines Adapterteils ist und wobei der Ventilkérper in einer Aufnahme des

Adapterteils gehalten ist.

Brustpumpe nach Anspruch 26, wobei das Modul ferner ein manuelles
Betitigungsmittel umfasst zum zeitgleichen Betiitigen des ersten und zweiten

Ventils.

Brustpumpe nach Anspruch 27, wobei das Adapterteil und das Betitigungsteil nicht

zerstorungsfrei voneinander 16sbar sind.

Brustpumpe nach einem der Anspriiche 1 bis 28, wobei die Brustpumpe ein
Pumpengehiuse aufweist, wobei die Brusthaube losbar am Pumpengehiuse
befestigbar ist und wobei durch die Befestigung der Brusthaube am Pumpengehiuse
Teile, welche zwischen Brusthaube und Pumpengehiuse liegen, dichtend
miteinander verbunden werden, so dass eine dichte Verbindung zwischen

Pumpkammer und Innenraum der Brusthaube entsteht.

Brustpumpe nach den Anspriichen 25 und Anspruch 29, wobei die Brusthaube und
der Ventilkorper Teil des Moduls sind.

Brustpumpe nach einem der Anspriiche 1 bis 30, wobei die Brustpumpe ein
Pumpengehiuse aufweist, an welchem die Brusthaube lsbar befestigbar ist, und
wobei die Brustpumpe ferner einen Milchsammelbehilter aufweist, welcher am

Pumpengehiuse mittels eines Schnappverschlusses befestigbar ist.
Brustpumpe nach Anspruch 31, wobei der Milchsammelbehilter einen Grundkérper
und einen Deckel aufweist, wobei der Deckel mindestens teilweise luftdurchlissig

und flissigkeitsundurchlissig ausgebildet ist.

Brustpumpe nach Anspruch 32, wobei der Deckel eine luftdurchlidssige und

flissigkeitsundurchldssige Membran aufweist.

Brustpumpe nach einem der Anspriiche 31 bis 33, wobei der Deckel mit einem
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Einwegventil versehen ist.

Brustpumpe zum Abpumpen von menschlicher Muttermilch, wobei die Brustpumpe
eine Brusthaube mit einem Innenraum zur Aufnahme einer Mutterbrust und eine
Pumpkammer aufweist, wobei der Innenraum mittels der Pumpkammer mit einem
sich zyklisch dndernden Unterdruck beaufschlagbar ist, wobei ein Milchkanal vom
Innenraum durch eine erste Einlass6ffnung in die Pumpkammer fiihrt, durch welchen
abgepumpte Milch vom Innenraum der Brusthaube in die Pumpkammer fliesst, und
wobei die Pumpkammer eine Auslasséffnung aufweist, durch welche die
abgepumpte Milch von der Pumpkammer in einen Milchsammelbehilter fliesst,
dadurch gekennzeichnet, dass ein Entleerungskanal zwischen dem Innenraum der
Brusthaube und der Pumpkammer vorhanden ist, welcher getrennt vom Milchkanal
verlauft, und wobei der Entleerungskanal mittels eines Ventils verschliessbar ist,
wobei der Entleerungskanal wihrend des Abpumpvorgangs geschlossen ist und am

Ende des Abpumpvorgangs gedffnet ist. .

Brustpumpe zum Abpumpen von menschlicher Muttermilch, wobei die Brustpumpe
eine Brusthaube mit einem Innenraum zur Aufnahme einer Mutterbrust und eine
Pumpkammer aufweist, wobei der Innenraum mittels der Pumpkammer mit einem
sich zyklisch dndernden Unterdruck beaufschlagbar ist, wobei ein Milchkanal vom
Innenraum durch eine erste Einlasséffnung in die Pumpkammer fiihrt, durch welchen
abgepumpte Milch vom Innenraum der Brusthaube in die Pumpkammer fliesst, und
wobei die Pumpkammer eine Auslasséffnung aufweist, durch welche die
abgepumpte Milch von der Pumpkammer in einen Milchsammelbehilter fliesst,
dadurch gekennzeichnet, dass die Brustpumpe ein Pumpengehiuse, eine
Pumpmembran und ein Modul aufweist, wobei das Modul mindestens eine steife
Schale zur Bildung der Pumpkammer und die Brusthaube aufweist, wobei das Modul
als Einheit am Pumpengehiduse befestigbar ist, wobei eine dichte Verbindung
zwischen der Pumpkammer und dem Innenraum der Brusthaube geschaffen wird und
wobei die Pumpmembran zwischen dem Modul und dem Pumpengehiuse dichtend

gehalten ist.

Brustpumpe nach Anspruch 36, wobei das Modul ferner einen Ventilkérper aufweist,
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welcher zwischen Brusthaube und steifer Schale angeordnet ist.

Brustpumpe gemiss Anspruch 37, wobei das Modul ferner ein manuelles
Betatigungsmittel zur Betitigung mindestens eines Ventils des Ventilkérpers

aufweist.

Brustpumpe zum Abpumpen von menschlicher Muttermilch, wobei die Brustpumpe
eine Brusthaube zur Aufnahme einer Mutterbrust, ein Pumpengehiuse sowie einen
Milchsammelbehilter aufweist, wobei das Pumpengehiuse einerseits 16sbar mit der
Brusthaube und andererseits 16sbar mit dem Milchsammelbehilter verbindbar ist,
dadurch  gekennzeichnet, dass der Milchsammelbehilter mittels eines

Schnappverschlusses am Pumpengehiuse befestigbar ist.

Brustpumpe nach Anspruch 39, wobei sie eine Pumpkammer und einen Milchkanal
aufweist, durch welchen abgepumpte Milch von einem Innenraum der Brusthaube in
die Pumpkammer fliesst, und wobei die Pumpkammer einen Ausgang aufweist,
welcher mit dem Milchsammelbehélter verbunden ist und durch welchen die

abgepumpte Milch in den Milchsammelbehélter fliesst.

Milchsammelbehiilter zur Verbindung mit einem Pumpengehduse einer
Brustpumpe #um Abpumpen von menschlicher Muttermilch, dadurch
gekennzeichnet, dass der Milchsammelbehilter einen Deckel aufweist, der dem
Pumpengehduse zugewandt ist und der mindestens in einem Bereich luftdurchlissig

und flissigkeitsundurchlassig ist.

Brustpumpe zum Abpumpen von menschlicher Muttermilch, wobei die Brustpumpe
eine Brusthaube zur Aufnahme einer Mutterbrust und ein Pumpengehiuse aufweist,
wobei die Brusthaube l6sbar mit dem Pumpengehduse verbindbar ist, dadurch
gekennzeichnet, dass die Brusthaube mittels eines Bajonettverschlusses mit dem

Pumpengehiuse verbindbar ist.

Brusthaube zur Befestigung an einem Pumpengehiuse einer Brustpumpe geméss

Anspruch 42, wobei die Brusthaube einen Innenraum zur Aufnahme der Mutterbrust
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und einen Stutzen zur Befestigung am Pumpengehduse aufweist, dadurch

gekennzeichnet, dass der Stutzen mit einem Bajonettverschluss versehen ist.

Verfahren zum Betitigen einer Brustpumpe zum Abpumpen von menschlicher
Muttermilch, wobei die Brustpumpe eine Brusthaube mit einem Innenraum zur
Aufnahme einer Mutterbrust und eine Pumpkammer aufweist, wobei der Innenraum
mittels der Pumpkammer mit einem sich zyklisch #ndernden Unterdruck
beaufschlagt wird,

wobei in einer ersten Pumpphase der Innenraum mit dem sich zyklisch dndernden
Unterdruck beaufschlagt wird, um Milch aus der Mutterbrust abzupumpen, wobei
der Innenraum mit abgepumpter Milch gefiillt wird, ohne dass abgepumpte Milch
aus dem Innenraum hinausfliesst,

wobei in einer zweiten Pumpphase abgepumpte Milch aus dem Innenraum in die
Pumpkammer fliesst und die Pumpkammer mit abgepumpter Milch gefiillt wird und
wobei in einer dritten Pumpphase die abgepumpte Milch von der Pumpkammer in
einen Milchsammelbehilter fliesst, wobei der Innenraum und die Pumpkammer mit
abgepumpter Milch gefiillt bleiben,

wobei der Wechsel von der zweiten Pumpphase zur dritten Pumpphase erfolgt,
indem ein Fiillstand der abgepumpten Milch eine Auslasséffnung erreicht, welche
von der Pumpkammer zum Milchsammelbehilter fiihrt, wodurch Milch durch die

Auslass6ffnung von der Pumpkammer in den Milchsammelbehdlter fliesst.

Verfahren nach Anspruch 44, wobei die Brustpumpe wihrend des Abpumpens von
einem pneumatischen Pumpsystem auf ein hydraulisches Pumpsystem wechselt,
wobei die erste Pumpphase eine pneumatische Pumpphase ist und die zweite

Pumpphase eine hydraulische Pumpphase ist.

Verfahren nach einem der Anspriiche 44 oder 45, wobei der Innenraum in der ersten

Pumpphase anndhernd vollstindig gefiillt wird.
Verfahren nach einem der Anspriiche 44 bis 46, wobei der Innenraum und/oder die

Pumpkammer in der zweiten und/oder dritten Pumpphase anndhernd vollstindig mit

abgepumpter Milch gefiillt sind.
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Verfahren nach der Anspriiche 44 bis 47, wobei der Wechsel von der ersten
Pumpphase zur zweiten Pumpphase erfolgt, indem ein Fiillstand der abgepumpten
Milch eine erste Durchgangsdffnung erreicht, welche vom Innenraum zur
Pumpkammer fiithrt, wodurch Milch durch die erste Durchgangséffnung vom

Innenraum in die Pumpkammer fliesst.

Verfahren nach Anspruch 48, wobei in der dritten Pumpphase die abgepumpte Milch
durch die erste Durchgangsdffnung in die Pumpkammer fliesst und durch die

Auslassoffnung in den Milchsammelbehélter fliesst.

Verfahren nach einem der Anspriiche 44 bis 49, wobei in einer vierten Pumpphase
der Innenraum entleert wird und die darin befindliche, bereits abgepumpte Milch
durch  eine zweite Durchgangsoffnung aus dem  Innenraum  zum
Milchsammelbehélter gefiihrt wird.

Verfahren nach den Anspriichen 48 und 50, wobei die erste Durchgangs6ffnung mit
einem ersten Ventil verschliessbar ist und wobei die zweite Durchgangs6ffnung mit
einem zweiten Ventil verschliessbar ist, wobei die zweite Durchgangsdffnung

withrend der ersten bis dritten Pumpphase stets geschlossen ist.

Verfahren nach Anspruch 51, wobei die erste Durchgangsoffnung wihrend der

vierten Pumpphase stets geschlossen ist.

Verfahren nach Anspruch 52, wobei die zweite Durchgangssffnung vom Innenraum
in die Pumpkammer fiihrt und tiber die Pumpkammer in fluidkommunizierender
Verbindung mit der Auslasséffnung steht.

Verfahren nach einem der Anspriiche 44 bis 53, wobei wihrend mindestens einem
Teil der Pumpphasen, vorzugsweise wihrend der ersten, zweiten und dritten

Pumpphase ein Basisunterdruck beibehalten wird.

Verfahren nach Anspruch 54, wobei ein drittes Ventil vorhanden ist, welches bei
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Druckanstieg des zyklisch sich #ndernden Unterdrucks in  Richtung
Atmosphirendruck zuerst 6ffnet und dann schliesst und dadurch den Basisunterdruck
beibehalt.
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This international scarch report has not been established in respect of certain claims under Article 17(2)Xa) for the following reasons:

1. E} Claims Nos.:

because they relate to subject matter not required to be searched by this Authornity, namely:

p D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful mternational search can be carried out. specifically:

Clauns Nos.:
because they are dependent claims and are not drafted i accordance with the second and third sentences of Rule 6.4(2).

Box No. I Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This Jatemational Searchmg Authority found multiple inventions in this international application, as {oliows:

See additional sheet

1. As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. E:} As ail searchable claims could be searched without effort justifying additional fees, this Authonity did not muvite payment of
additional fees.

3. As only scme of the required additional search fees were timmely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:
1-30, 44-55

A, E No required additional search fees were timely paid by the applicant. Conscquently, this intemational scarch report is
restricled to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest 3 I The additional search fees were accompanied by the applicant’s protest and, where applicable, the

payment of a protest fee.

B The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

2 X ! No protest accompanied the payment of additional search fees.
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The International Searching Authority has found that this international application contains
multiple inventions:

1. Claims 1-7, 9 (in full); 10-30 (in part)

A breast pump for pumping human breast milk, the breast pump having a housing with an
actuating unit, a pump chamber with a flexible pump membrane actuated by the actuating unit
to produce a vacuum, and a breast shield with an interior for receiving a human breast;
wherein a milk duct leads from the interior to the pump chamber via a first inlet opening, and
wherein the pump chamber has an outlet opening via which the pumped milk flows from the
pump chamber into a milk collection container; wherein a multi-component hygiene module is
provided, the hygiene module having a first component with a flow opening for connection to
the interior, a valve body with at least one valve, and a second component with a rigid shell
forming the pump chamber; wherein the valve body is positioned between the first and second
components, and wherein the hygiene module is sealingly and detachably connectable as a
whole unit to the housing of the breast pump.

2. Claims 8, 44-55 (in full); 10-30 (in part)

A breast pump for pumping human breast milk, the breast pump having a breast shield with an
interior for receiving a human breast, and a pump chamber; wherein a milk duct leads from the
interior to the pump chamber via a first inlet opening, and wherein the pump chamber has an
outlet opening via which the pumped milk flows from the pump chamber into a milk collection
container; wherein with the breast pump in a vertical working position the outlet opening, at
least at the start of a pumping operation, is positioned in an upper part of the pump chamber
and/or above the inlet opening; a method for operating a breast pump to pump human breast
milk, the breast pump having a breast shield with an interior for receiving a human breast, and
a pump chamber; wherein in a first pumping phase a cyclically varying negative pressure is
applied to the interior by way of the pump chamber so as to pump milk from the human breast,
the interior being filled with pumped milk without the pumped milk flowing out of the interior;
wherein in a second pumping phase pumped milk flows from the interior into the pump
chamber and the pump chamber is filled with pumped milk; and wherein in a third pumping
phase the pumped milk flows from the pump chamber into a milk collection container, the
interior and the pump chamber remaining filled with pumped milk; wherein the changeover
from the second pumping phase to the third pumping phase takes place when a fill level of the
pumped milk reaches an outlet opening that leads from the pump chamber to the milk
collection container, allowing milk to flow from the pump chamber into the milk collection
container via the outlet opening.

3. Claim 35

A breast pump for pumping human breast milk, the breast pump having a breast shield with an
interior for receiving a human breast and a pump chamber; wherein a milk duct leads from the
interior to the pump chamber via a first inlet opening, and wherein the pump chamber has an
outlet opening via which the pumped milk flows from the pump chamber into a milk collection
container; wherein between the interior of the breast shield and the pump chamber an
emptying duct is provided which runs separately from the milk duct, and wherein the emptying
duct can be closed by a valve, the emptying duct being closed during the pumping operation
and opened at the end of the pumping operation.

e

Form PCT/ISA/210 (extra sheet) (January 2015)
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4. Claims 36-38

A breast pump for pumping human breast milk, the breast pump having a breast shield with an
interior for receiving a human breast, and a pump chamber; wherein a milk duct leads from the
interior to the pump chamber via a first inlet opening, and wherein the pump chamber has an
outlet opening via which the pumped milk flows from the pump chamber into a milk collection
container; wherein the breast pump has a pump housing, a pump membrane and a module;
wherein the module has at least one rigid shell forming the pump chamber and the breast
shield; wherein the module can be attached to the pump housing as a unit, an airtight
connection being created between the pump chamber and the interior of the breast shield, and
the pump membrane being sealingly held between the module and the pump housing.

5. Claims 31-34, 39, 40

A breast pump for pumping human breast milk, the breast pump having a breast shield with an
interior for receiving a human breast, a pump chamber, and a milk collection container;
wherein the pump housing is detachably connectable to both the breast shield and the milk
collection container, the milk collection container being attachable to the pump housing by
means of a spring latch.

6. Claim 41

A milk collection container for connecting to a pump housing of a breast pump for pumping
human breast milk, the milk collection container having a lid that faces the pump housing and
is air-permeable and liquid-impermeable in at least one region.

7. Claims 42, 43

A breast pump for pumping human breast milk, the breast pump having a breast shield for
receiving a human breast, and a pump chamber; wherein the breast shield is detachably
connectable to the pump housing; wherein the breast shield can be connected to the pump
housing by means of a bayonet fastener; a breast shield for attachment to a pump housing of
a breast pump according to claim 42; wherein the breast shield has an interior for receiving
the human breast and a connection piece for attachment to the pump housing, the connection
piece being provided with a bayonet fastener.

Form PCT/ISA/210 (extra sheet) (January 2015)
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GemanB Artikel 17(2)a) wurde aus folgenden Grinden fir bestimmte Anspriiche kein internationaler Recherchenbericht erstelit:

1. D Anspriiche Nr.
weil sie sich auf Gegenstande beziehen, zu deren Recherche diese Behérde nicht verpflichtet ist, namlich

2. D Anspriiche Nr.
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3. D Anspriiche Nr.
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Feld Nr. 1l Bemerkungen bei mangelnder Einheitlichkeit der Erfindung (Fortsetzung von Punkt 3 auf Blatt 1)

Diese Internationale Recherchenbehérde hat festgestellt, dass diese internationale Anmeldung mehrere Erfindungen enthalt

siehe Zusatzblatt

1. D Da der Anmelder alle erforderlichen zuséatzlichen Recherchengebiihren rechtzeitig entrichtet hat, erstreckt sich dieser
internationale Recherchenbericht auf alle recherchierbaren Anspriiche.

P D Da fur alle recherchierbaren Anspriiche die Recherche ohne einen Arbeitsaufwand durchgefiihrt werden konnte, der
- zusétzliche Recherchengebiihr gerechtfertigt héatte, hat die Behérde nicht zur Zahlung solcher Gebihren aufgefordert.

3. [ZI Dader Anmelder nur einige der erforderlichen zusatzlichen Recherchengebiihren rechtzeitig entrichtet hat, erstreckt sich
dieser internationale Recherchenbericht nur auf die Anspriche, fiir die Gebuihren entrichtet worden sind, namlich auf die
Anspriiche Nr.

1-30, 44-55

4. E] Der Anmelder hat die erforderlichen zusatzlichen Recherchengebiihren nicht rechtzeitig entrichtet. Dieser internationale
Recherchenbericht beschrankt sich daher auf die in den Ansprichen zuerst erwahnte Erfindung; diese ist in folgenden
Anspriichen erfasst:

Bemerkungen hinsichtlich Der Anmelder hat die zusatzlichen Recherchengebiihren unter Widerspruch entrichtet und die
eines Widerspruchs gegebenenfalls erforderliche Widerspruchsgebuhr gezahlt.

Die zusatzlichen Recherchengebiihren wurden vom Anmelder unter Widerspruch gezahilt,
jedoch wurde die entsprechende Widerspruchsgebiihr nicht innerhalb der in der
Aufforderung angegebenen Frist entrichtet.

m Die Zahlung der zusatzlichen Recherchengebihren erfolgte ohne Widerspruch.
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Die internationale Recherchenbehdrde hat festgestellt, dass diese
internationale Anmeldung mehrere (Gruppen von) Erfindungen enthdlt,
namlich:

1. Anspriiche: 1-7, 9(vollstandig); 10-30(teilweise)

Brustpumpe zum Abpumpen von menschlicher Muttermilch, wobei
die Brustpumpe ein Gehduse mit einer Antriebseinheit, eine
Pumpkammer mit einer von der Antriebseinheit angetriebenen
flexiblen Pumpmembran zur Erzeugung eines Vakuums und eine
Brusthaube mit einem Innenraum zur Aufnahme einer
Mutterbrust aufweist, wobei ein Milchkanal vom Innenraum
durch eine erste Einlasséffnung in die Pumpkammer fiihrt, und
wobei die Pumpkammer eine Auslassoffnung aufweist, durch
welche die abgepumpte Milch von der Pumpkammer in einen
Milchsammelbehdlter fliesst, wobei ein mehrteiliges
Hygienemodul vorhanden ist, wobei das Hygienemodul einen
ersten Teil mit einer Durchflusséffnung zur Verbindung mit
dem Innenraum, einen Ventilkorper mit mindestens einem
Ventil und einen zweiten Teil mit einer steifen Schale zur
Bildung der Pumpkammer aufweist, wobei der Ventilkorper
zwischen dem ersten und zweiten Teil angeordnet ist und
wobei das Hygienemodul als Ganzes mit dem Gehduse der
Brustpumpe dichtend und 16sbar verbindbar ist.

2. Anspriiche: 8, 44-55(vollstandig); 10-30(teilweise)

Brustpumpe zum Abpumpen von menschlicher Muttermilch, wobei
die Brustpumpe eine Brusthaube mit einem Innenraum zur
Aufnahme einer Mutterbrust und eine Pumpkammer aufweist,
wobei ein Milchkanal vom Innenraum durch eine erste
Einlass6ffnung in die Pumpkammer fiihrt, und wobei die
Pumpkammer eine Auslassdoffnung aufweist, durch welche die
abgepumpte Milch von der Pumpkammer in einen
Milchsammelbehdlter fliesst, wobei die Auslassoffnung in
vertikaler Gebrauchslage der Brustpumpe mindestens zu Beginn
eines Abpumpvorgangs in einem oberen Bereich der Pumpkammer
und/oder oberhalb der Einlassoffnung angeordnet ist;
Verfahren zum Betdtigen einer Brustpumpe zum Abpumpen von
menschlicher Muttermilch, wobei die Brustpumpe eine
Brusthaube mit einem Innenraum zur Aufnahme einer
Mutterbrust und eine Pumpkammer aufweist, wobei der
Innenraum mittels der Pumpkammer mit einem sich zyklisch
andernden Unterdruck beaufschlagt wird,wobei in einer ersten
Pumpphase der Innenraum mit dem sich zyklisch andernden
Unterdruck beaufschlagt wird, um Milch aus der Mutterbrust
abzupumpen, wobei der Innenraum mit abgepumpter Milch
gefiillt wird, ohne dass abgepumpte Milch aus dem Innenraum
hinausfliesst, wobei in einer zweiten Pumpphase abgepumpte
Milch aus dem Innenraum in die Pumpkammer fliesst und die
Pumpkammer mit abgepumpter Milch gefiillt wird und wobei in
einer dritten Pumpphase die abgepumpte Milch von der
Pumpkammer in einen Milchsammelbeh&dlter fliesst, wobei der
Innenraum und die Pumpkammer mit abgepumpter Milch gefiillt
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bleiben,wobei der Wechsel von der zweiten Pumpphase zur
dritten Pumpphase erfolgt, indem ein Fiillstand der
abgepumpten Milch eine Auslassdffnung erreicht, welche von
der Pumpkammer zum Milchsammelbeh&alter fiihrt, wodurch Milch
durch die Auslassoffnung von der Pumpkammer in den
Milchsammelbehdalter fliesst.

3. Anspruch: 35

Brustpumpe zum Abpumpen von menschlicher Muttermilch, wobei
die Brustpumpe eine Brusthaube mit einem Innenraum zur
Aufnahme einer Mutterbrust und eine Pumpkammer aufweist,
wobei ein Milchkanal vom Innenraum durch eine erste
Einlassoffnung in die Pumpkammer fiihrt, und wobei die
Pumpkammer eine Auslassoffnung aufweist, durch welche die
abgepumpte Milch von der Pumpkammer in einen
Milchsammelbeh&dlter fliesst, wobei ein Entleerungskanal
zwischen dem Innenraum der Brusthaube und der Pumpkammer
vorhanden ist, welcher getrennt vom Milchkanal verlauft, und
wobei der Entleerungskanal mittels eines Ventils
verschliessbar ist, wobei der Entleerungskanal wdhrend des
Abpumpvorgangs geschlossen ist und am Ende des
Abpumpvorgangs geodffnet ist..

4. Anspriiche: 36-38

Brustpumpe zum Abpumpen von menschlicher Muttermilch, wobei
die Brustpumpe eine Brusthaube mit einem Innenraum zur
Aufnahme einer Mutterbrust und eine Pumpkammer aufweist,
wobei ein Milchkanal vom Innenraum durch eine erste
Einlassoffnung in die Pumpkammer fiihrt, und wobei die
Pumpkammer eine Auslassoffnung aufweist, durch welche die
abgepumpte Milch von der Pumpkammer in einen
Milchsammelbeh&dlter fliesst, wobei die Brustpumpe ein
Pumpengehduse, eine Pumpmembran und ein Modul aufweist,
wobei das Modul mindestens eine steife Schale zur Bildung
der Pumpkammer und die Brusthaube aufweist, wobei das Modul
als Einheit am Pumpengehduse befestigbar ist, wobei eine
dichte Verbindung zwischen der Pumpkammer und dem Innenraum
der Brusthaube geschaffen wird und wobei die Pumpmembran
zwischen dem Modul und dem Pumpengehduse dichtend gehalten
ist.

5. Anspriiche: 31-34, 39, 40

Brustpumpe zum Abpumpen von menschlicher Muttermilch, wobei
die Brustpumpe eine Brusthaube zur Aufnahme einer
Mutterbrust, ein Pumpengehduse sowie einen
Milchsammelbeh&dlter aufweist, wobei das Pumpengehduse
einerseits 10sbar mit der Brusthaube und andererseits 10shar
mit dem Milchsammelbehdlter verbindbar ist, wobei der
Milchsammelbeh&dlter mittels eines Schnappverschlusses am
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Pumpengehéduse befestigbar ist.

6. Anspruch: 41

Milchsammelbehdlter zur Verbindung mit einem Pumpengehéduse
einer Brustpumpe zum Abpumpen von menschlicher Muttermilch,
wobei der Milchsammelbeh&dlter einen Deckel aufweist, der dem
Pumpengehduse zugewandt ist und der mindestens in einem
Bereich Tuftdurchlédssig und fliissigkeitsundurchlédssig ist.

7. Anspriiche: 42, 43

Brustpumpe zum Abpumpen von menschlicher Muttermilch, wobei
die Brustpumpe eine Brusthaube zur Aufnahme einer
Mutterbrust und ein Pumpengehéduse aufweist, wobei die
Brusthaube 16sbar mit dem Pumpengehause verbindbar ist,
wobei die Brusthaube mittels eines Bajonettverschlusses mit
dem Pumpengehéduse verbindbar ist; Brusthaube zur Befestigung
an einem Pumpengehduse einer Brustpumpe gemédss Anspruch 42,
wobei die Brusthaube einen Innenraum zur Aufnahme der
Mutterbrust und einen Stutzen zur Befestigung am
Pumpengehduse aufweist, wobei der Stutzen mit einem
Bajonettverschluss versehen ist.
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(57) Abstract

A breastpump is provided with a valve me-
chanism (14) that closes a collection chamber (4)
when a vacuum is applied to a hood member (1)
and opens the collection chamber when the vacu-
um is removed. The valve mechanism (14) is rem-
ovably attached to the collection chamber for
ready cleaning. A baffle (7) in the hood member
(1) protects the vacuum line from milk flow. One
embodiment of the invention has a connecting
sleeve (10) for connecting either a manually driv-
en pneumatic pump (9) or a motor driven pneu-
matic pump to the hood body to create an inter-
mittent vacuum. A connector (56) is further pro-
vided for use with a pair of breastpumps operat-
ed simultaneously by a motor driven pneumatic
pump. An adjustment piece (36) for decreasing |

the cross-sectional area of a funnel-shaped hood 9 : _5_'_2
member (1) is also disclosed for use of the breast- £ —
pumps with smaller breasts. One type of manual- I mN=
ly driven piston pump (9) useful with the inven- { ‘;‘—J‘:‘
tion has apertures (50a, 50b) formed through the 50b. ] {T
pump cylinder wall that are selectively opened (E — 5;,?.1
and closed for adjustment of the piston pump £ /
vacuum. ; g
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BREASTPUMP

This is a continuation-in-part application of
U.S5. Patent Application Serial No. 874,879 filed June 6,
1986, which is a continuation of Serial No. 612,602
filed May 21, 1984 (now abandoned), which is a
continuation-in-part of Serial No. 296,081 filed
August 25, 1981 (now abandoned). '

FIELD OF THE INVENTION
The present invention generally relates to

breastmilk pumps, and more particularly relates to a
new and improved: valving mechanism for a breastmilk
pump; a suction hood for a breastmilk pump; a manually
adjustable pump-vacuum control mechanism for a manual
pump; and an adaptor fdr pumping milk from two breasts
simultaneously.
BACKGROUND OF THE INVENTION

Breastmilk pumps are well known, and are

generally comprised of a hood that fits over the breast,
a vacuum pump connected to the hood for generating an
intermittent vacuum within the hood, and a receptacle
for the expressed milk. Manually driven vaccum pumps
as well as those that are driven by a motor are
ordinarily used. The vacuum pumps of these devices,
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as a rule, intermittently generate a vacuum or negative
pressure within the hood, with the hood encompassing
the nipple and a substantial amount of the breast. The
intermittent suction action of the pump serves to pull
on the breast and thereby extract milk in an action
reminiscent of suckling. The milk so extracted typically
flows from the hood into a collection container for
storage and later use.

Apart from the purely hygienic requirements
for such equipment, there also exist technical problems
which are at least insufficiently solved with regard to
prior art devices. One such significant failing of
nearly all of the prior art devices is that the milk
expressed often reaches the vacuum line or even the
pump. In order to eliminate such a serious problem,
many prior devices contain so-called safety volumes
between the hood and the pump. Such a solution of the
problem is expensive and usually cannot provide effec-
tive protection of the vacuum line and pump from milk.
Also, varying degrees of vacuum can be generated as the
milk receptacle fills, which must then be compensated
for.

Another important consideration in the design
of a breastpump is the vacuum created by the pump and
its effect upon the breast. While it is the ultimate
desire to design a breastpump that perfectly duplicates
a baby's nursing action, this is extremely difficult to

- achieve. However, there are several important charac-
teristics that a breastpump, properly designed, can
simulate. Three things about the vacuum and its appli=-
cation to the breast are considered very important.
These are: (a) how much vacuum does a pump create on
the breast; (b) how long is that vacuum applied to the
breast; and (c) can the vacuum be regulated within safe,
natural limits to suit the mother's comfort with proper

expression of milk?
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First, a vacuum that is much greater than
that "vacuum" created by a suckling baby is not onlv
unnatural, it can also cause pain and injury to the
breast. Second, jusf as too much vacuum can hurt the
breast, too long an application of vacuum is also un-
natural, and may create discomfort and injury. Third,
uncontrollable vacuum -- either vacuum in excess of
safe, natural limits or vacuum that cannot be fine-
tuned for a woman's comfort -- makes a breastpump less
effective or even useless.

In utilizing breastpumps, whether they are of
a motor driven or manually driven type, it has been
found that the wide variety in the size of breasts also
gives rise to problems if a single breastpump is to be
given universal application. This is particularly true
in regard to smaller breasts, since the hoods used by
most breastpumps are designed to handle a medium or
larger-size breast. For example, the small breast can
be sucked into a standard size hood to an extent that,
if not necessarily painful, is at least rather uncom-
fortable. In general, the funnel of such a suction
hood should abut the breast at a distance from the
nipple that is as large as possible, which condition
demands a funnel for the hood which is also as large as
possible. While it has become obvious that the pro-
vision of different suction hoods having various funnel
diameters solves such a problem, it does so in an un-
satisfactory way, since providing a product line of
different size hoods is expensive from a marketing and

manufacturing standpoint.

SUMMARY OF THE INVENTION
One of the principal objects of the present

invention is to provide a breastpump that has an im-

proved structure including a simple but effective valv-
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H
ing mechanism which prevents breastmilk from entering
the vacuum line or suction pump.

A particularly noteworthy advantage of the
valving mechanism of the present invention is that a
relatively constant negative pressure or vacuum can be
applied to the breastpump, since no variable volumes,
(i.e., in the receiving container), are present in this
device. This allows the employment of smaller pumps,
since the volume of the wvacuum or negative pressure
which is necessary for intermittent operation can be
considerably smaller in comparison to other known
solutions. It is also not necessary to create a wvacuum
to compensate for the volume of the receiving container
due to the presence of the valve of the present
invention.

Another object of the present invention is to
provide a breastpump that has a readily adjustable
vacuum in a manually driven (non-motor) application.

Yet another object of the present invention
is to provide a new and improved construction of a
suction hood for a breastpump, which suction hood is
relatively simple in construction and design, econo-
mical to manufacture, extremely reliable in operation,
not readily subject to breakdown or mal function, and
requires a minimum of maintenance and servicing yet is
effective in expressing breastmilk without fouling the
equipment.

Still another object of the present invention
is to provide a breastpump assembly which collects milk
from both breasts simultaneously.

To these ends, which will become more readily
apparent in regard to the detailed description of wvarious
embodiments of the invention which follows, the present
invention comprises a hood body or member to which a
collecting or catch chamber is connected. At the outlet
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of the collecting chamber there is provided a valve
which closes a passage leading from the collecting
chamber to a receiving container. When a vacuum or
negative pressure is applied to the hood from a suction
device, which may be manually operated or motor driven,
the valve closes the collecting chamber outlet to the
receiving chamber, but opens the outlet on the return
cycle of the pump to force the milk expressed from the
collecting chamber into the receiving container.

The valve used is extremely efféctive, simple
in construction, and is easily cleaned. In one embodi-
ment the valving mechanism comprises a ball valve. In
a second and presently preferred construction, the valv-
ing mechanism comprises a reciprocating disk. In this
latter construction, the valving mechanism is part of
an adaptor that is removably attached to an extension
of the hood that forms part of>£he collecting chamber,
so that the valve can be readily removed for cleaning.

It will be noted that due to the provision of
the collecting or catch chamber with a valve, milk can
be pumped to a receiving container in the form of a
plastic bag, since the vacuum or negative pressure no
longer affects the receiving container. Moreover, an
overflow can be avoided, since the valve opens promptly
and the expressed milk quickly flows into the receiving
container.

A baffle arrangement is further used in con-
junction with the valve mechanism to prevent milk from
passing into the vacuum line or from reaching the
vacuum pump.

The present invention also provides a breast-
pump that, in a manual mode (i.e., using a piston pump
that is hand operated), applies a governed vacuum to
express milk from the breast. With an electric motor
driven pneumatic pump, its maximum vacuum and timing
are governed by the machine and remains relatively
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constant. With hand-drivendbiston pumps, too much vacuum
could be applied to the breast and for an undesirably
long interval, depending on the speed and length of
stroke with which the woman is operating the piston
pump. The present invention provides for a vacuum re-
lease within the piston cylinder that automatically
releases the vacuum as soon as the maximum desired wvacuum
is reached at the end of a predetermined stroke.
The present invention also provides for the
adjustment of the vacuum level in the hand-driven
piston pump application of the invention. This is ac-
complished in a preferred form of the invention through
the use of a rotatable ring on the piston cylinder that
selectively opens and closes apertures in the cylinder
to adjust the flow of air into the cylinder during an
evacuation stroke of the piston, and thereby adjust the
amount of vacuum generated. The vacuum control is readily
manipulated for easy adjustment of the vacuum generated.
The problem of the small breast that does not
fit the "standardized" construction of the hood is solved
in the present invention by providing an improved con-
struction for the suction hood which includes at least
one adjusting piece having a shape similar to that of
the general funnel structure of the main funnel of the
hood, and which is insertable into the main hood funnel
to reduce the latter's cross-sectional area. In
particular, a preferred funnel-shaped adjusting pPiece
has a generating angle for the outer surface of the
adjusting piece funnel which corresponds to the
generating angle of the inner surface of the main
funnel of the hood, with the inner surface of the
adjusting piece having a larger generating angle than
that of the inner surface of the main funnel. The
adjusting piece effectively reduces the diameter of the
main funnel at the base of the main funnel so that the
hood can be Cconveniently used by women with smaller

breasts.
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Yet another object of the present invention
is accomplished in the use of a device that enables a
single motor driven pneumatic pump to express milk from
two breasts simultaneously. The device comprises a
y-shaped tubular connector that permits use of two of
the foregoing breastpumps at the same time.

The foregoing objects and advantages of the
present invention will be further understood upon con-
sideration of the following detailed description of the
invention taken in conjunction with the accompanying

drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a partial vertical sectional view
of a first embodiment of a breastpump made in
accordance with the present invention in which a ball

valve is used:;
FIG. 2 is a view similar to that of FIG. 1

showing another embodiment of a breastpump made in
accordance with the present invention using a manually
driven suction pump mechanism, and employing a disk
valve mechanism, and shows as well the use of an

adaptor for small breasts;
FIG. 2A is a view similar to that of FIG. 2

showing yet another embodiment of a breastpump made in

accordance with the present invention;

FIG. 2B is an enlarged sectional view of a
modified connector for use with a motor driven pump ;

FIGS. 3 through 5 show a vacuum adjustment
mechanism for use with the manually driven suction pump
of the device of FIG. 2A; and

FIG. 6 shows a connector for a double-pump
application for use in collecting milk from two breasts

simultaneously.
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DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

Turning now to FIG. l, a first embodiment of

a breastpump made in accordance with the teachings of
the present invention is shown. This arrangement com-
prises a hood body or hood member 1 having two ends.
The first end 2 has a substantially wide cross-section
(diameter), and is funnel shaped. During operation of
this device, funnel end 2 is placed over the breast of
the user. A second end 3 of the hood member consti-~
tutes a generally cylindrical extension of the funnel,
and has a cross-section substantially narrower than the
cross=section of the end 2. The second end 3 communi-
cates with a collecting or catech chamber 4 and with a
vacuum passage 5 via a short tubular extension 3a.

The vacuum passage 5 also communicates with a
vacuumrline 6, which in this embodiment is shown as a
short stem which is connected with a flexible tube (not

'shown) that extends to a vacuum or suction pump, such
as an electric motor driven pneumatic pump.

The collecting chamber 4 is arranged substan-
tially immediately after the extension 3a of the hood.
Separating means in the form of a depending separation
wall 7 (which here is the rear wall of the extension
3a) forms a baffle between the end of the hood ex-
tension 3a and the collecting chamber 4, and the vacuum
line 6. It will be noted that the bottom of the
separation wall 7 is below the level of the top end of
the vacuum line 6. Milk expressed into the hood member
1 is thus blocked by the separation wall 7 from thereby
entering into the vacuum line 6.

At the lower portion of the collecting chamber
4 is a valve mechanism 14. 1In this embodiment, this
valve mechanism 14 is a ball~type valve having a ball
22 captured within a cage 23 formed in the bottom of a
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cup-like receptacle 4a thattzefines the majority of the
collecting chamber 4. The top of the ball valve cage
23 has an upper opening 24 which is opened and closed
by action of the ball 22. Opening 24 constitutes the
outlet for the collecting chamber 4. In operation, the
application of a suction or negative pressure to the
hood member 1 and collecting chamber 4 by the suction
pump connected to the vacuum line 6 causes the ball 22
to be drawn upwardly (as shown in FIG. l) to close the
upper opening 24. Milk expressed through the suction
action will thus collect in the collecting chamber 4.
Release of the negative pressure will thereupon cause
the ball 22 to drop free of the opening 24 allowing the
milk to flow around the ball through the ball valve
cage 23 and into a container or receptacle 12.

The collecting receptacle 4a is of a size to
allow a typical volume of milk.éxpressed in a single
stroke to collect without overflowing, with the action
of the ball valve being sufficiently quick to release
the milk from the collecting chamber 4 into the
container 12 for the next stroke. Milk thus does not
substantially collect in the collecting chamber 4

between strokes.
It will be further noted that the collecting

chamber receptacle 4a is received in an enlarged
portion 26 at the tail-end of the hood member 1. A
snap-fit is made using a bead 4c formed around the top
edge of the collection chamber receptacle 4a that is
received in annular recess 26a. The snap-fit permits
easy removal of the collection chamber receptacle 4a
and valve mechanism 14 for cleaning, as well as for
cleaning of the hood member 1. Also, connecting means
in the form of a collar 11 is provided for connection
of the hood member 1 and the collecting chamber 4 with
the container 12, as through the screw-threaded attach-
ment of the collar 11 to the neck of the container 12.
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A second possible embodiment of the invention

is shown in FIG. 2, and employs a valving mechanism
that is different from that of the preceding embodi-
ment, but operates on the same general principle. This
valving mechanism shown in FIG. 2 is not presently pre-
ferred, with the valving mechanism of FIGC. 2A being
considered much more advantageous. It will further be
understood that like numbers denominate the same general
structure or element in all of the various embodiments
shown in the FIGS.

In FIG. 2, the suction or vacuum pump is spe-
cifically shown as a manually driven piston pump 9
having a pump cylinder 9a and a piston 9b which re-
ciprocates within the cylinder 9a under action of a
piston rod 9e. The pump cylinder 9a is connected to
the hood member 1 by means of a connecting means or
connecting sleeve 10 which forms part of the hood
member 1. Connecting sleeve 10 is internally screw
threaded to match with the screw threads formed on the
outer part of an end of the piston cylinder 9a. For-
ward end 9d of the piston cylinder butts against a
shoulder formed around the interior of the connecting
sleeve 10 in a substantially air-tight fit. An aper-
ture 9¢ is formed in the wall of the piston cylinder 9a
at a point which corresponds ta what is presently con-
sidered to be the maximum desired vacuum pPressure to be
reached on an average stroke of the manually driven
Piston pump. Once the head of the piston 9b passes
beyond this aperture 9¢ in its downward (vacuum-
inducing) stroke, the wvacuum produced is automatically
released. The piston cylinder has a displacement
{volume at full outward stroke) of about 40 cc at the

point of vacuum release.
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The valve 14 in the embodiment of FIG. 2 is
of a disk-type valve composed of a tubular housing 15,
a perforated plate 16 that extends across the diameter
of the housing 15, a disk 17, a guiding member 18 and a
stop member 19. The disk 17 is adapted to travel along
the guide 18 between a closed and an open position of
the valve 14.

The valve 14 includes an upper chamber 20
which forms part of the collecting chamber 4, and col~-
lects milk when the valve 14 is in a closed position
(with the disk 17 in facial engagement with the bottom
of the perforated plate 16, thereby closing the open-
ings 16' of the perforated plate). The tubular housing
15 of valve 14 is removably attached to the hood member
1l by means of a suitable releasable closure attaching
means 21. In this embodiment of the invention, this
attaching means is accomplished through a threaded
engagement with the hood extension 3a.

During the operation of the embodiment of
FIG. 2, the hood member 1 is held against the breast of
the user with the main funnel body or portion 31 sur-
rounding the nipple and adjacent breast. An intermit~-
tent vacuum is created by operation of the pump 9. The
vacuum created in the collecting chamber 4 causes the
disk 17 to be lifted to an upper position which seal~-
ingly closes apertures 16' of the perforated plate 16.

Due to the sealing engagement between an inside
portion of the main funnel body 31 of the hood member 1
and the breast during the application of the vacuum,
the milk is sucked from the breast of the user. The
force of gravity causes the milk to be accumulated in
the collecting chamber 4, particularly in the upper
portion 20 of the valve housing 15. As soon as the
negative pressure is discontinued, the disk 17 drops
into its lower position and the milk which has been
collected in the collecting chamber 4 thereby flows
downwardly into the container 12.
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Separation wall 7 combines with a rear wall 8

of the hood member extension 3a to form a baffle to
prevent milk from reaching the vacuum line §. This
baffle forms a more restricted vacuum passage 5 than
that of FIG. 1 for better protection of the vacuum
line 6.

Yet another embodiment of the invention is
depicted in FIG. 2A. This embodiment differs from that
of FIG. 2 only in respect of the valve 14 and an insert
or adjusting piece 36 which is inserted into the main
funnel body 31. This adjustment piece 36 will be dis-
cussed in further detail hereafter.

The valve mechanism 14 of FIG. 2A also uses a
disk-member 17' as the valve member, but does away with
a guiding member such as that illustrated at 18 of FIG. 2.
Instead, disk 17' is captured within a tubular shaped
valve housing 15' that has an upper portion 15a and a
lower portion 15b. Lower portion 15b has a slightly
smaller interior diameter than that of the upper portion
15a. A small gap 15c is formed between the upper and
lower portions 15a, 15b within which the disk 17' is
captured and vertically reciprocates. Ribs 15d connect
the top and the bottom portions 15a, 15b. Nibs 17a
formed on the disk 17' extend beyond the inboard edge
of the top portion 15a to further locate the disk member
17' within the gap 15c¢c. These nibs 17a abut against
the bottom edge of the upper housing portion 15a when
the housing 15' is removed from the hood member 1.

When the vacuum pump 9 is operated with the
embodiment of FIG. 2A, the disk 17' is caused to move
upwardly under vacuum where it contacts and seats against
the bottom edge or lip of an extended length 3b of tubular
extension 3a, thus closing the upper portion 20 of the
housing 15' and thereby closing the collecting chamber 4.
When the vacuum is released, the disk 17! drops from
the foregoing seat and rests upon stand-off bosses 15f
formed on the top of the lower housing portion 15b.
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This allows the milk colleésed in the upper housing
portion 20 and collecting chamber 4 to flow downwardly
into the container 12.

As in the embodiment of FIG. 2, the valve 14
of this embodiment is also releasably attached to the
end of the hood member 1. That attachment takes the
form of a split-collar arrangement for the upper hous-
ing portion 15a, as shown by the slot 15e formed in the
upper portion 15a. The internal diameter of the upper
portion 15a is slightly smaller than the outside dia-
meter of the lengthened portion 3b of extension 3a of
the hood end. The slotted portion 15a can thus be
releasably wedged on the lengthened portion 3b.

An adjusting piece 36 is shown in both FIGS. 2
and 2A comprising a funnel-shaped section 37 that is
made integral with a cylindrical portion 38 that forms
an extension of the funnel secfion 37. The extension
portion 38 abuts against the inner surface of a similar
cylindrical portion 32 that forms an extension of the
main funnel 31 of the hood member 1 through the use of
wing-shaped rib or distance pieces 39, 40. The adjust-
ing piece 36 reduces the diameter of the base of main
funnel 31 for use of the breastpump with smaller breasts.

The generating angle of the outer surface of
the funnel 37 of the adjusting piece 36 corresponds to
the generating angle of the inner surface of the main
funnel 31. The generating angle of the inner surface
of the adjusting piece funnel 37 is slightly larger,
however, and thus decreases the operative cross-section
of the main funnel 31. The adjusting piece 36 thus
reduces the opening into the extension 32 of the hood
member 1. This enables the main funnel 31 to still
abut a significant amount of the breast along a large
distance from the nipple without a smaller breast being
sucked into the extension 38 of the adjusting piece 36.
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It will also be noted that the funnel 37 of
the adjusting piece 36 terminates in a sharp edge 37a
to lie ridgelessly on the inner surface of the main
funnel 31. This sharp edge 37a provides a good seal
between the adjusting piece funnel 37 and the main
funnel 31. This in turn provides a correct seal
between the breast and the main funnel 31, the result
of which is that no significant amount of air will be
sucked by the breastpump during use. This sharp-edge
engagement between the adjusting piece funnel 37 and
the main funnel 31 also provides a smooth surface
within the hood member 1 that prevents irritation of
the breast during use of the breastpump.

Extension 38 of the adjusting piece 36 is
long enough to accommodate the full length of the com-
pressed nipple therein without the nipple extending
significantly beyond an inner end 38a of the adjdsting
piece. The suction forece upon the breast nipple causes
the nipple areola to extend radially, with the nipple
desirably pressed on the inner surface of the adjusting
piece 36 but not beyond the inner end 38a of the exten-
sion 38. As shown in FIG. 2, the adjusting piece exten-
sion 38 is approximately half as long as the extension
32 of the main funnel 31. Adjusting piece 36 has a
slightly longer extension 38 in the embodiment of FIG. 2A.

The present invention also provides for adjust-
ment of the amount of wvacuum generated during manual
pumping. This feature of the invention is illustrated
in FIG. 2A and particularly in FIGS. 3 through 5, which
show a modification made to the type of hand-operated
Piston pump 9 of FIG. 2.

A pair of spaced apart apertures in the form
of pin holes 50a and 50b are formed through the pump
cylinder 9a adjacent the end 94 of the piston cylinder.
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The pin holes 50a, 50b each have a diameter of about
-6 mm. A ring 51 carried on the piston cylinder 9a
overlies the cylinder holes 50a, 50b. An interior
chamber or channel 50a is formed on the inside of the
ring 51. This interior channel 51a is sufficiently
long to allow both of the holes 50a, 50b to fit within
the channel 5la simultaneously (FIG. 5). The channel
5la has openings 51b at either end that are open to
atmosphere. The ring 51 is preferably made out of a
flexible or semi-flexible rubber-like material that
grips the outside of the pump cylinder 9a and enables a
good seal to be maintained between the ring and the
piston cylinder.

The ring 51 is designed to be rotated on the
piston cylinder to positions indicated as "Maximum",
"Medium" and "Minimum" vacuum, as illustrated in the
FIGS. 3 through 5. Maximum vacuum (FIG. 3) has neither
hole 50a or 50b within the area of the channel 51a.

The holes 50a, 50b are covered by the ring 51 and no
air enters the piston cylinder 9a therethrough.

Medium vacuum is established by rotating the
ring 51 so that hole 50b is within the channel 51a.

Air can thus enter through the channel openings 51b
into the channel 5la and through the hole 50b into the
pump cylinder 9a to thereby modify the vacuum (FIG. 4).

Minimum vacuum is established by rotating the
ring 51 so that both of the holes 50a, 50b are located
within the channel 5la (FIG. 5). The amount of wvacuum
or pull on the breast generated by the manual pump 9
can thus be readily adjusted by the user as circum-
stances warrant.

Yet another feature of the invention is
illustrated in FIG. 6 for operating two breastpumps
simultaneously. This is possible when using an
electric motor driven pneumatic pump. Two of the
breastpumps illustrated in any of FIGS. 1, 2, or 2A
could be used in this application. FIG. 6 illustrates
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a device to be used when expressing milk from both
breasts simultaneously that is particularly adapted for
use with the breastpumps of FIGS. 2 and 2A, however.
This device comprises a Y-shaped connector formed from
a flexible base hose or tube 53 and flexible extension
hoses or tubes 54 and 55, the latter tubes forming the
arms of the Y. A Y-shaped hollow connector piece 56
includes a plurality of attachment stems that the
respective tubes 53 through 55 fit over.

One end of the base tube 53 is connected via
a hollow connector piece 57 to the output of a suitable
motor driven pneumatic pump 58. Ends of the extension
tubes 54, 55 fit over nipples 59 formed on a screw-
threaded adapter 60. The nipples 59 have an internal
opening 59a which extends into a tubular portion 61 of
the adapter 60. Adapters 60 are specifically designed
for use in the embodiments of FIGS. 2 and 2A, and are
screw threaded to the sleeve 10 in place of the manually
driven pump 9. The embodiments of the breastpump depicted
in these two FIGS. can thus be used with a motor driven
vacuum pump as well as with a manually driven piston
pump.

FIG. 2B illustrates another adaptation for
the breast pump of this invention which enables hook-up
to a pneumatic pump (such as pump 58). A tubular con-
nector 62 has an end sized to snuggly fit, in an inter-
ference fit, within a widened opening 5a to the wvacuum
channel 5, which is provided with an elbow~-type bend to
this end. A flange 62a around the middle of the con-
nector 62 serves as a stop within the elbow, and also
forms a stop for a tube 63 which is connected to the
other end of the connector 62. The tube is connected
at its opposite end to a motor driven pump. No adapter,
such as adapter 60, is thus necessary with this embodi-
ment using the connector 62.
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Thus, while the invention has been described
with reference to certain present embodiments, those
skilled in this art will recognize modifications of
structure, arrangement, composition and the like that
can be made to the present invention, yet still fall
within the scope of the invention as hereafter claimed.
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What is claimed is:

1. A breastpump comprising:

a hood body for placement over a breast, said
hood body having a main funnel-shaped portion within
which the breast is received and a tubular extension
extending downstream from said main funnel portion;

means for connecting said tubular extension
of said hood body with a vacuum line to periodically
withdraw air from said hood body in a manner that draws
the breast into said main funnel portion and thereby
expresses milk from the breast into said tubular
extension;

a wall formed interiorally of said tubular
extension separating said wvacuum line connecting means
from the breastmilk flow, said wall depending from an
upper interior side wall of said tubular extension with
said vacuum line connecting means having a connection
with said tubular extension above the bottom of said
wall, said wall forming a baffle preventing milk from
entering said vacuum line;

a catch chamber for expressed milk connected
with said tubular extension, said catch chamber being
located downstream from said tubular extension and
having an inlet and an outlet;

a valve mechanism located at said catch
chamber outlet, said valve mechanism having a valve
member which closes said catch chamber outlet when a
vacuum is applied to said hood body and opens said
catch chamber outlet when said vacuum is removed;

means for removably attaching said wvalve
mechanism to said hood body adjacent said catch chamber
such that said hood mechanism can be readily removed
for cleaning; and
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a container communicating with said catch
chamber and valve mechanism to receive and hold milk

released through said catch chamber outlet.

2. The breastpump of claim 1 wherein the valve
mechanism comprises a tubular valve housing having a
circumferential slot formed therethrough dividing said
housing into an upper portion and a lower portion, said
upper and lower housing portions being joined together
by connecting means which does not substantially obstruct
said slot, a solid disk-shaped valve member sized larger
than said collecting chamber outlet and adapted to seat
against a lip defining said outlet when a vacuum is
applied to said hood body to thereby close said outlet,
said valve member being captured for movement within

said circumferential slot.

3. The breastpump of claim 2 wherein said disk-
shaped valve member has radially extended nibs which
engage an edge formed on the bottom of said upper valve
housing portion when said valve mechanism is not attached
to said hood body, with ribs extended between said upper
and lower valve housing portions forming said valve
housing portion connecting means, said ribs preventing
lateral movement of said disk-shaped valve member out
of said circumferential slot, and stand-off bosses formed
on said lower housing portion on which said disk=-shaped

valve member rests in the absence of vacuum.

4. The breastpump of claim 3 wherein said upper
valve housing portion is in the form of a split collar,
said split collar having a longitudinally extending
slot formed therein along part of its length, said upper
valve housing portion being removably attached to said

collecting chamber by pressing said split collar onto a
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tubular portion of said catch chamber, said split collar
having an interior diameter slightly smaller than the
outside diameter of said catch chamber tubular portion
so that said split collar is stretched radially out-
wardly by said catch chamber tubular portion and
thereby wedged in placed thereon.

5. The breastpump of claim 4 wherein said valve
housing circumferential slot is located immediately
below said outlet lip when said valve mechanism is
attached to said collecting chamber, said disk-shaped
valve member seating against said outlet lip which 1lip
is formed on the end of said catch chamber tubular

portion.

&. The breastpump of claim 1 wherein said valve
mechanism comprises a ball valve in a cage which is
located at the downstream end of a cup-shaped receptacle,
said receptacle having an upper circular edge with a
circumferential bead formed about said circular edge,
said bead being received in an annular groove formed
about the interior of said hood in the area of said
collecting chamber with said valve mechanism snap-
fitting to said hood body. ’

7. The breastpump of claim 1 wherein said valve
member comprises a tubular valve housing having a per-
forated plate extending across the interior of said
tubular housing, and a disk-shaped valve member movable
on a pin that is connected to said perforated plate to
close said perforations when a vacuum is applied to
said hood body.
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8. A breastpump comprising:

a hood body for placement over a breast, said
hood body having a main funnel-shaped portion within
which the breast is received and a tubular extension
extending downstream from said main funnel portion;

a connecting sleeve formed with said tubular
extension for connecting said tubular extension with a
vacuum line to periodically withdraw air from said hood
body in a manner that draws the breast into the funnel
portion and thereby expresses milk from the breast into
said tubular extension, said connecting sleeve having
means formed thereon for connection with a manually
driven pneumatic pump as well as a motor driven
pneumatic pump;

a wall formed interiorally of said tubular
exXtension separating said vacuum line connecting means
from the milk flow, said wall fbrming a baffle
preventing milk from entering said vacuum line;

a catch chamber for expressed milk connected
with said tubular extension, said catch chamber being
located downstream from said tubular extension and
having an inlet and an outlet;

a valve mechanism located at said catch
chamber outlet, said valve mechanism having a valve
member which closes said catch chamber outlet when a
vacuum is applied to said hood body and opens said
catch chamber outlet once the wvacuum is removed:; and

a receiving container communicating with said
catch chamber and valve mechanism to receive and hold
milk released through said catch chamber outlet.

9. The breastpump of claim 8 wherein said con-
necting sleeve is screw~threaded for engagement with a

screw-threaded end of a manually driven single piston
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pneumatic pump and for engagement with a screw-threaded
adapter for a motor-driven pneumatic pump, said motor-
ized pump adapter comprising a threaded member engage-

able with said connecting sleeve and having a bore ex-
tended through said threaded member with an exterior
connector for said bore to which a hose from said motor

riven pneumatic pump can be connected, said motorized
pump adapter and said manually driven pneumatic pump
being usable interchangeably with said breastpump.

10. The breastpump of claim 9 wherein a pair of
said motorized pump adapters are provided for use with
a pair of breastpumps, said adapters each being con-
nected by a length of hose to a Y-shaped tubular con-
nector, a third length of hose connecting said tubular
connector to the output end of a motor driven pneumatic

pump.

11. The breastpump of claim 9 wherein a pair of
said motorized pump adapters are provided for use with
a pair of breastpumps, said adapters being connected to
the ends of a Y-shaped length of hose with a third end
of said hose being connected with the output end of a
motor driven pneumatic pump.

12. The breastpump of claim 1 further including
an adjusting piece insertable into said main funnel
portion to reduce the interior cross-sectional area of
the base of said main funnel portion adjacent said main
funnel tubular extension, said funnel-shaped adjusting
piece having a funnel portion and a cylindrical extension
that is insertable into said main funnel tubular exten-
sion, said extension of said adjusting piece being suf-
ficiently long to receive a nipple therein without said
nipple extending beyond the downstream end of said
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adjusting piece extension, distance pieces formed on
said extension of said adjusting piece spacing and lo-
cating said adjusting piece extension relative to said
main funnel tubular extension, a generating angle of an
outer surface of said adjusting piece funnel portion
corresponding to a generating angle of an inner surface
of said main funnel portion, an inner surface of said
adjusting piece funnel having a larger generating angle
than the generating angle of the outer surface thereof,
with a sharp edge being formed about the upstream end
of said adjusting piece funnel which sharp edge lies

ridgelessly on said inner surface of said main funnel

portion.

13. The breastpump of claim 8 further including
an adjusting piece insertable into said main funnel
portion to reduce the interior cross-sectional area of
the base of said main funnel portion adjacent said main
funnel tubular extension, said adjusting piece having a
funnel portion and an extension that is insertable into
said tubular main funnel extension, said extension of
said adjusting piece being sufficiently long to receive
a nipple therein without said nipple extending beyond
the downstream end of said adjusting piece extension,
distance pieces formed on said extension of said
adjusting piece spacing and locating said adjusting
piece extension relative to said main funnel tubular
extension, a generating angle of an outer surface of
said adjusting piece funnel portion corresponding to a
generating angle of an inner surface of said main funnel
portion, an inner surface of said adjusting piece funnel
having a larger generating angle than the generating
angle of the outer surface thereof, with a sharp edge
being formed about the upStream end of said adjusting
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piece funnel which sharp edge lies ridgelessly on said

inner surface of said main funnel portion.

14. The breastpump of claim 8 wherein said breast-
pump includes a manually driven piston pump engageable
with said connecting sleeve, said piston pump comprising
a piston head mounted for reciprocal movement within a
piston chamber under action of a hand-driven piston
rod, said piston cylinder having at least one aperture
formed therein communicating with said piston chamber,
and means for opening and closing said aperture to adjust
the amount of vacuum generated in said piston chamber

when said piston pump is operated.

15. The breastpump of claim 8 wherein said breast-
pump includes a manually driven piston pump engageable
with said connecting sleeve, said Piston pump comprising
a piston head mounted for reciprocal movement within a
piston cylinder under action of a hand~driven piston
rod, said piston cylinder having at least two apertures
formed therein communicating with said piston chamber,

a ring mounted to rotate on the exterior of said piston
cylinder, said ring having an interior channel formed
therein which communicates with atmosphere and which is
rotated with said ring to selectively uncover said
apertures to thereby adjust the amount of vacuum gener-
ated in said piston chamber when said pPiston pump is
operated.

16. The breastpump of claim 15 wherein neither
aperture is exposed within said ring channel for
maximum vacuum, two apertures are exposed within said

ring channel for a minimum vacuum, and one aperture is
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exposed within said ring channel for an intermediate

vacuum between said maximum and minimum vacuums.

17. A breastpump comprising:

a hood body for placement over a breast, said
hood body having a main funnel-shaped portion within
which the breast is received and a tubular extension
extending downstream from said main funnel portion;

a manually driven piston pump engaged with
said tubular extension along a vacuum line for genera-
ting an intermittent vacuum in said hood body, said
piston pump comprising a piston head mounted for
reciprocal movement within a piston cylinder under
action of a hand-driven piston rod, said piston
cylinder having at least one aperture formed therein
communicating with said piston chamber, and means for
opening and closing said apertﬁfe to adjust the amount
of vacuum generated in said piston chamber when said
piston pump is operated;

a baffle formed interiorally of said tubular
extension separating said vacuum line from breastmilk
flow, said baffle preventing milk from entering said
vacuum line; )

a catch chamber for expressed milk connected
with said tubular extension, said catch chamber being
located downstream from said tubular extension and
having an inlet and an outlet;

a valve mechanism located at said outlet end
of said catch chamber, said valve mechanism having a
valve member which closes said catch chamber outlet
when a vacuum is applied to said hood body and opens
said catch chamber outlet once the vacuum is removed;

and
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a receiving container communicating with said

catch chamber and valve mechanism to receive and hold
milk released through said catch chamber outlet.

18. The breastpump of claim 17 wherein said piston
cylinder has at least two apertures formed therein com-
municating with said piston chamber, a ring mounted to
rotate on the exterior of said pPiston cylinder exterior,
said ring having an interior channel formed therein
which communicates with atmosphere and which is rotated
with said ring to selectively uncover said apertures to
thereby adjust the amount of vacuum generated in said
piston chamber when said piston pump is operated.

19. A manually driven piston pump with an adjust-
able piston chamber pressure, comprising:

a piston head mounted for reciprocal movement
within a piston cylinder under action of a hand-driven
piston rod, gaid piston cylinder having at least one
aperture formed therein communicating with said piston
chamber, and means for opening and closing said aperture
to adjust the amount of vacuum generated in said piston

chamber when said piston pump is operated.

20. The piston pump of claim 19 wherein said piston
cylinder has at least two apertures formed therein com-
municating with said piston chamber, a ring mounted to
rotate on said piston cylinder exterior, said ring having
an interior channel formed therein which communicates
with atmosphere and which is rotated with said ring to
selectively uncover said apertures to thereby adjust
the amount of vacuum generated in said piston chamber
when said piston pump is operated.
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21. A suction hood fji7an apparatus for removing

mother's milk comprising:
a main body having the shape of a funnel
within which the breast is received;
an adjusting piece also having the shape of a

funnel, said adjusting piece being insertable into said
main body funnel to alter at least a portion of the
cross-sectional area of said main funnel body at the
base of said funnel adjacent a substantially cylindrical
extension of said main funnel body, said funnel-shaped
adjusting piece having a cylindrical extension insert-
able into said cylindrical extension of said main funnel
body, said cylindrical extension of said adjusting
piece being sufficiently long to receive a nipple
therein without said nipple extending beyond the
downstream end of said adjusting piece extension,
distance pieces formed on said extension of said adjust-
ing piece spacing and locating said adjusting piece
extension relative to said tubular extension of said
main funnel body, a generating angle of an outer sur-
face of said adjusting piece funnel corresponding to a
generating angle of the inner surface of said main
funnel body, an inner surface of said adjusting piece
funnel having a larger generating angle than the genera-
ting angle of the outer surface thereof, with a sharp
edge being formed about the upstream edge of said ad-
justing piece funnel which sharp edge lies ridgelessly

on said inner surface of said main funnel body.

22. A breastpump comprising:
a hood body for placement over a breast, said
hood body having a main funnel-shaped portion within
which the breast is received and a tubular extension

extended downstream from said main funnel portion;
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a connecting sleé&e formed with said tubular
extension of said main funnel for connecting said
tubular extension with a vacuum line to periodically
withdraw air from said hood body in a manner that draws
the breast into said hood body and thereby expresses
milk from the breast into said main funnel tubular ex-
tension, said connecting sleeve having screw-threads
for engagement with a screw-threaded end of a manually
driven single piston pneumatic pump and for engagement
with an adapter for a motor driven pneumatic pump, said
motorized pump adapter comprising a screw-threaded member
engageable with said connecting sleeve with a bore ex-
tending through said threaded member and an exterior
connector for said bore to which a hose from said motor~
driven pneumatic pump can be connected, said motorized
pump adapter and said manually driven pump being useable
interchangeably with said breastpump;

said manually driven piston pump comprising a
piston head mounted for reciprocal movement within a
piston cylinder under action of a hand-drive piston
rod, said piston cylinder having at least two apertures
formed therein communicating with said piston chamber,
a ring mounted to rotate on said piston cylinder ex-
terior, said ring having an interior channel formed
therein which communicates with atmosphere and which is
rotated with said ring to selectively uncover said
apertures to thereby adjust the amount of vacuum gener-
ated in said piston chamber when said piston pump is
operated;

a wall formed interiorally of said tubular
extension separating said connecting sleeve and thereby
the vacuum line from milk flow, said wall depending
from an upper interior side wall of said main funnel
tubular extension with said vacuum line connecting

sleeve communicating with said tubular extension above
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the bottom of said wall, said wall forming a baffle
preventing milk from entering said wvacuum line:

a catch chamber for expressed milk connectead
with said main funnel tubular extension, said catch
chamber being located downstream from said main funnel
tubular extension and having an inlet end and an outlet;

a valve mechanism located at said catch chamber
outlet, said valve mechanism comprising a tubular valve
housing has a circumferential slot formed therethrough
dividing said housing into an upper and a lower portion,
said upper and lower portions being joined together by
ribs extending between said upper and lower valve housing
portions which ribs to not substantially obstruct said
slot, a solid disk-shaped valve member sized larger
than said collecting chamber outlet and adapted to seat
against a lip defining said outlet when a vacuum is
applied to said hood body to tﬁéreby close said outlet,
said valve member being captured for movement within
said circumferential slot with said ribs preventing
lateral movement of said disk-shaped valve member out
of said circumferential slot, stand-off bosses being
formed on said lower housing portion on which said
disk-shaped valve member rests in the absence of ‘vacuum,
said disk-shaped valve member having radially extending
nibs which engage an edge formed on the bottom of said
upper valve housing portion when said valve mechanism
is not attached to said hood body, said upper valve
housing portion being in the form of a split-collar
have a longitudinally extending slot formed therein
along part of its length, said upper valve housing
portion being removably attached to said collecting
chamber by pressing said split-collar onto a tubular
portion of said catch chamber, said split-collar having
an interior diameter slightly smaller than the outside
diameter of said catch chamber tubular portion so that

283



WO 90/00413

PCT/US88/01784

30
said split-collar is stretched radially outwardly by
said catch chamber tubular portion and thereby wedged
in place thereon, said valve housing circumferential
slot being located immediately below said outlet lip
when said valve mechanism is attached to said collecting
chamber to enable said disk-shaped valve member to seat
against said catch chamber outlet lip;

a container communicating with said catch
chamber and valve mechanism to receive and hold milk
released through said catch chamber outlet; and

an adjusting piece insertable into said main
funnel portion to reduce the interior cross-sectional
area of the base of said main funnel portion adjacent
said tubular main funnel extension, said adjusting
piece having a funnel portion and a cylindrical exten-
sion of said adjusting piece funnel portion that is
insertable into said main funnel tubular extension,
said adjusting piece extension being sufficiently long
to receive a nipple therein without said nipple extending
beyond the downstream end of said adjusting piece exten-
sion, distance pieces formed on said adjusting piece
extension spacing and locating said adjusting piece
extension relative to said main funnel tubular exten-
sion, a generating angle of an outer surface of said
adjusting piece funnel portion corresponding to a
generating angle of an inner surface of said main
funnel portion, an inner surface of said adjusting
piece funnel portion having a larger generating angle
than the generating angle of the outer surface thereof,
with a sharp edge being formed about the upstream end
of said adjusting piece funnel which sharp edge lies
ridgelessly on said inner surface of said main funnel
portion.
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BREAST PUMP SYSTEM AND METHODS

FIELD OF THE DISCLOSURE
[0001] The present disclosure generally relates to portable, energy efficient breast

pump systems and methods for collecting milk from a breast of a nursing mother.

BACKGROUND OF THE DISCLOSURE

[0002] As more women become aware that breastfeeding is the best source of nutrition
for a baby, and also offers health benefits to the nursing mother, the need is increasing
for breast pump solutions that are user-friendly, quiet, discrete and versatile for use by
a nursing mother in various situations. This is particularly true for the working mother,
who is away from the home for eight to ten hours or more and needs to pump breast
milk in order to have it available for her baby, but it is also a requirement for many
other situations where the mother is away from the privacy of the home for an
extended period, such as during shopping, going out to dinner or other activities.

[0003] Although a variety of breast pumps are available, most are awkward and
cumbersome, requiring many parts and assemblies and being difficult to transport.
Hand pump varieties that are manually driven are onerous to use and can be painful to
use. Some powered breast pumps require an AC power source to plug into during use.
Some systems are battery driven, but draw down the battery power fairly rapidly as the
motorized pump continuously operates to maintain suction during the milk extraction
process. Many of the breast pumps available are clearly visible to an observer when
the mother is using it, and many also expose the breast of the mother during use.

[0004] There is a continuing need for a small, portable, self-powered, energy efficient,
wearable breast pump system that is easy to use and is discrete by not exposing the
breast of the user and being invisible or nearly unnoticeable when worn.

[0005] To ensure that the nursing baby is receiving adequate nutrition, it is useful to
monitor the baby’s intake. It would be desirable to provide a breast pump system that
easily and accurately monitors the volume of milk pumped by the system, to make it
convenient for the nursing mother to know how much milk has been extracted by

breast pumping. It would also be desirable to track milk volume pumped per session,
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so that the volume of milk contained in any particular milk collection container can be
readily known.

[0006] Many existing breast pump systems can cause considerable discomfort to the
user over time. One cause of such discomfort is chafing of the nipple against the
nipple flange/housing as the nipple stretches and contracts during the pumping session.
There is a continuing need for a breast pump system that is more comfortable to the

user, even over repeated pumping sessions.

SUMMARY OF THE DISCLOSURE

[0007] Briefly and in general terms, the present disclosure is directed toward breast
pump systems or methods. The system includes breast contacting structure and a
storage container, and structure that delivers milk from a breast to the storage
container. The method involves pumping milk from a breast and delivering the
pumped milk into the storage container.

[0008] According to one aspect of the present disclosure, a system for pumping milk
from a breast includes one or more of: a skin contact member configured to form a
seal with the breast; a conduit in fluid communication with and connected to the skin
contact member; a driving mechanism configured to establish a vacuum profile within
the conduit; an external shell, and a milk collection container; wherein the external
shell comprises a compartment facing a distal end of the external shell, the external
shell further comprising a proximal end surface facing away from the proximal end;
wherein the skin contact member, the conduit and the driving mechanism are received
in the compartment of the external shell; wherein the milk collection container is
positionable over the distal end surface of the shell; and wherein the system is shaped
and configured to be contoured to the breast of a user.

[0009] In various of the disclosed embodiments, the system defines a natural breast
profile. The natural breast profile is contemplated to fit comfortably and conveniently
into a bra of a user and to present a natural look. As such, the profile is characterized
by having a non-circular base. Moreover, like natural breasts, the profile of the device
or system is contemplated to define one or more asymmetric curves and off-center

inertial centers.
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[0010] In at least one embodiment, the skin contact member, the conduit, the driving
mechanism, the external shell and the milk collection container are all contained within
a cup of a brassiere.

[0011] In at least one embodiment, the system is battery powered, the system
comprising a battery, wherein the battery is received in the compartment of the external
shell.

[0012] In at least one embodiment, the proximal surface of the external shell is shaped
and configured to be contoured to the breast of a user and to thus provide a more
natural appearance when under clothing worn by the user.

[0013] In at least one embodiment, the proximal surface of the external shell comprises
a polygonal, flat, irregular or discontinuously curved shape dissimilar to the curvature
of the breast; and the milk collection container is configured to interface with the
proximal surface and to be shaped and configured to be contoured to the breast of a
user and to thus provide a more natural appearance when under the clothing of the user.

[0014] In at least one embodiment, the proximal surface comprises flat surfaces that
form an angular external surface.

[0015] In at least one embodiment, the proximal surface comprises a flat central
portion and convex portions extending radially