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TITLE

BREASTSHIELD UNIT

TECHNICAL FIELD

The present invention relates to a breast shieldofim breast pump for expressing human

breastmilk and to a valve head of such a breastdshnit.

PRIOR ART

A breast shield is placed onto the mother’s bréasexpressing human breastmilk, said
breast shield being connected to a vacuum pumpdardo apply a cyclically varying
negative pressure to the breast. From the breastisthe expressed breastmilk reaches a
breastmilk collection container through a breastnathannel. In order to keep the dead
volume during expression as small as possiblegaghmilk channel from the breast shield
to the breastmilk collection container is usualigypded with a check valve which opens
for admitting the expressed breastmilk into theabtmilk collection container. This check
valve is preferably arranged at an adapter whichneots the breast shield to the
breastmilk collection container and also, usuahy, breast shield to the vacuum pump or
to a vacuum tube leading to the vacuum pump. Teelchalve may be arranged at a valve
head which is connected in a secure or detachahtenen to the adapter, the latter also

being referred to as coupling part.

By way of example, such an apparatus is known W@ 2014/161099 Al. The breast
shield unit described therein comprises a flow semghich detects the change of a valve
flap of the check valve such that deductions magiiagvn about the flow of the breastmilk

from the breast shield into the breastmilk coll@ctcontainer.

US 2016/0082166 Al discloses an adapter comprasisgnsor for detecting the breastmilk
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production, the sensor communicating with a mobtidéa receiver or with the breastmilk

pump by way of a wireless connection.

WO 2006/003655 Al shows a nipple cap which is plameto the mother’'s breast when
breastfeeding a baby. This nipple cap is provideth \a sensor which measures the
breastmilk volume emerging from the breast.

WO 2009/081313 Al discloses a breast shield comgrigt least one sensor for

optimizing and personalizing the pumping process.

These breast shield units have a relatively corafdit, and hence cost-intensive, structure.
However, since the breast shields and breastmilgatimn containers often may, or must,
only be used once or a few times, it should be iplessso manufacture these as cost-
effectively as possible and/or they should be ¢agjean.

SUMMARY OF THE INVENTION

It is therefore an object of the invention to deyeh breast shield unit which is as cost-
effective as possible but nevertheless permits ucapbf the expressed amount of
breastmilk.

This object is achieved by a breast shield unit angalve head having the features of

Patent Claims 1 and 15, respectively.

The breast shield unit, according to the inventmina breast pump for expressing human
breastmilk comprises a breast shield to be placed a mother's breast, a breastmilk
collection container for receiving expressed bradkf an adapter for connecting the

breast shield to the breastmilk collection contasrad a valve head. A breastmilk channel
extends from the breast shield into the breastoullection container through the adapter
and through the valve head. The valve head congpaselve which closes and opens the
breastmilk channel during the pumping action, wimeeefill level sensor for measuring a

fill level of the breastmilk collection container arranged in the valve head.
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Since the fill level sensor is arranged in the gdiead, the breast shield, the adapter and
the breastmilk collection container may have cdéfgetive embodiments. In particular, it

is possible to use standard parts. It is furtharaathgeous that the valve head may be
embodied in such a way that it may be used as e@saory in already available breast

shield units. As a result, a redesign of known &trehield units becomes superfluous.

Preferably, the breastmilk collection container hasgid or semi-rigid embodiment. It is
preferably a breastmilk bottle which may be seahedn airtight manner with a lid after
removing the valve head, the adapter and the bsbast. Preferably, the same bottle may
be used together with a suction unit, to be pldbeceon during use, as a suction bottle for

administering the breastmilk to an infant.

A precise measure of the actually available breidistin obtained by measuring the fill
level in the breastmilk collection container. Theeasurement is preferably performed
during the pumping action. The specification inatigin to the fill level is preferably

updated during the pumping action in a timely manne

The measurement data may be forwarded to an ei@uatit and/or a controller and/or a
display of the breast pump, either as raw datasaiada which was already evaluated by
means of an electronics unit integrated in the evdiead. In a simple embodiment, the
breast pump merely indicates these data. In oth#yodiments, the data are used in
addition, or as an alternative, to the currentutnrsequent control of the pump, for example
in order to automatically switch from a stimulatiorode into an expression mode, or vice
versa. In further embodiments, the data are altealy, or additionally, used for
automatically changing the pump parameters or #ieems of the vacuum curves, with
this also being carried out for the current pumpacgon and/or for a subsequent pumping

action, depending on embodiment.

The raw data and/or the evaluated data may alstabmsmitted to other receivers, for
example to a smart device such as a smartphone andther personal machine of the
mother. This facilitates capturing the fill levaihaunt, even if the breastmilk collection

container cannot be seen by her. Moreover, the oty be directly supplied to the
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Internet, for example a cloud, in order also t@beailable to third parties.

The expressed breastmilk volume may be determihadks to measuring the fill level

amount. The breastmilk flow may also be detectediffgrentiating the volume signal.

Preferably, the fill level sensor is a distancesserior measuring a distance from a surface
of the expressed breastmilk situated in the bralistrallection container, i.e. the pool of
breastmilk situated in the container. The fill Iewan easily be measured in this way
without the container itself needing to be proviaéth a fill level sensor and without the

breastmilk needing to be contacted by mechanicahse

In particular, a time-of-flight sensor, also re&sirto as TOF sensor, is suitable as a fill
level sensor. It was found that such TOF sens&suaitable for measuring the fill level of
breastmilk even though, for example, they are uablé for measuring the fill level of

water.

The distance sensor, in particular the TOF sermmnmits a distance measurement to be
carried out from the sensor to the fill level heighithin the breastmilk collection
container. To the extent that the geometry of tlea$tmilk collection container is known,
preferably if the position angle of the breastntitklection container in three-dimensional
space is additionally known, this allows the fdlvel and hence the breastmilk volume to

be calculated.

If use is made of a TOF sensor, an optical conoedtom the sensor to the opposite base
of the breastmilk collection container is necessdpyeferably, the TOF sensor is
positioned in such a way that it is situated ooragitudinal central axis of the breastmilk
collection container. Preferably, this longitudirca@ntral axis forms an axis of rotational

symmetry of the breastmilk collection container.

In a simple embodiment, only the fill level sensolarranged in the valve head, said fill
level sensor measuring the fill level of the breakt in the container as a parameter.
However, at least one additional sensor is prefgafesent in the valve head; preferably,

two or more additional sensors are present for mreagsfurther parameters.
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By way of example, such an additional sensor i@ tensor which measures the flow
through the valve. By way of example, this flow s&nis an optical sensor which detects a
deflection of a valve flap of the valve. Preferalillge sensor is a photoelectric barrier
which detects the position of the valve flap. Praibdy, a protruding wing is arranged on
the valve flap to this end, said wing penetratimg light path of the photoelectric barrier.

By way of example, such a flow sensor is disclased/O 2014/161099.

This additional measurement of the flow facilitatas correction of the fill level
measurement by the fill level sensor, particulafrlgnly small volumes of breastmilk are
situated in the breastmilk collection containersdlit is possible to use this flow sensor
during movements of the breastmilk collection corga in order to correct the
measurements of the fill level sensor, which ic@uaate during this period of time, or to
replace them completely. Furthermore, this flowssenmay be used as a monitoring
means which determines whether the valve has epenea or how often and/or when it
opens. These specifications may be used to cothelfill level sensor. By way of
example, a fill level measurement is superfluousnvthe valve has not opened and hence

no new breastmilk has reached the breastmilk dallecontainer.

Alternatively, or additionally, a position sensar preferably present as a further sensor,
said position sensor detecting the position ofliteastmilk collection container in three-
dimensional space and hence the tilt position tifere three-dimensional space. In
particular, an acceleration sensor is suitableaa#tipn sensor. The data from the position
sensor are preferably used to compensate the sigrah the fill level sensor in tilt
positions of the breastmilk collection containerheT position sensor is preferably
additionally used to determine whether the bredktoollection container even is in a

position to ensure a meaningful fill level measueam
The fill level sensor and at least the positionssenpreferably all other further sensors as
well, are preferably arranged with a fixed positiarrelation to one another in the valve

head.

The signals, which are also referred to as raw, diaten the fill level sensor and, if present,
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from the at least one further sensor, are preferdiectly forwarded to external units,
such as e.g. to an evaluation and control uniheflireast pump or to a different external

evaluation unit.

However, an electronics unit for processing thenalg from the fill level sensor is
preferably arranged in the valve head. Preferatilis internal electronics unit also

processes the signals of the at least one furdmeos, if present.

Preferably, the electronics unit is embodied t@ncitange data with at least one of the
following units: a breast pump, a “smart deviceicls as a smartphone, which is updated
from an information technology point of view; antexal data processing unit such as a
personal computer; cloud; Internet, Internet accegs

For the simple use of the valve head, the lattefepably is embodied without wires to the
outside and, in terms of electronic connectorsheuit a connector. This moreover

simplifies cleaning and facilitates a multiple reewof the valve head.

In one embodiment, the valve head is an integraipmment of the adapter. In this case,
the whole adapter may be embodied as a valve headthe further sensors may be
arranged distributed over the adapter and neetiensttuated adjacent to the connector to
the breastmilk collection container.

In another embodiment, the valve head is detachainyectable to the adapter and/or the
breastmilk collection container. This embodimenpasticularly suitable as a retrofitting

set.
Preferably, the fill level sensor and, if presethie at least one further sensor and, if
likewise present, the electronics unit are prottetgainst the ingress of liquid. Preferably,

the valve head has a dishwasher-safe embodiment.

Further embodiments are specified in the deperclaims.
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BRIEF DESCRIPTION OF THE DRAWINGS

A preferred embodiment of the invention is desatibelow on the basis of the drawings,
which merely serve for explanatory purposes andilshaot be construed as restrictive. In

the drawings:

Figure 1 shows a schematic illustration of a brestseld unit according to the

invention when placed onto a mother’s breast and

Figure 2 shows a schematic illustration of the &reshield unit in accordance with

Figure 1 in communication with external units.

DESCRIPTION OF PREFERRED EMBODIMENTS

Figure 1 depicts a breast shield unit accordinthéoinvention. It has a breast shield 1 for
receiving a mother’'s breast B, in particular thpphé. The breast shield 1 is connected
securely or preferably detachably to an adaptemi;h is also referred to as coupling part.
The adapter 2 may be connected directly to a mbndalen or electric-motor-driven
breast pump. Preferably, as depicted here, sajoterdis connected to the breast pump by
way of a vacuum line 3, in particular by way of iicene tube. The breast pump is

depicted in Figure 2 and provided there with tHenence sign 30.

The adapter has an interior 20 which forms para dfreastmilk channel from the breast
shield 1 to breastmilk collection container 5. Tihx@astmilk collection container 5 is

detachably fastened to a connection nozzle 21echttapter 2.

A valve head 4 is securely or detachably arrangethea adapter 2, said valve head 4
preferably being fixed in terms of position in t&da to the adapter 2. By way of example,
the valve head 4 has a common integral embodimihttiae adapter 2 or it is connectable

therewith by way of a plug-in or screw-in connentio

The adapter 2 and the valve head 4 are preferabhufactured from a rigid plastic. The
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breastmilk collection container 5 preferably hasighd or semi-rigid embodiment. The
breastmilk collection container 5 preferably alsongists of plastic. It may have a

transparent, semi-transparent or opaque embodiment.

The valve head 4 preferably protrudes into thedimeik collection container 5. The valve
head 4 has a check valve. In this exemplary embadinthe valve has a valve flap 40
hinged thereon on one side. The reference signdédfibtes the valve flap in the open

position, the reference sign 40 in the closed sit

The path of the expressed breastmilk is indicatedfigure 1 by individual breastmilk
droplets. The breastmilk emerging from the mothbriast B is denoted by the reference
sign a, the breastmilk flowing, usually falling, the valve head 4 is denoted by b, the
breastmilk collecting in front of the closed valap 40 is denoted by ¢ and the breastmilk
finally reaching the breastmilk collection containg is denoted by d. The pool of
breastmilk in the breastmilk collection containeri.B. the breastmilk which has already
been collected, is provided with reference sigbepending on the embodiment, the valve
flap 40 opens on account of the prevalent pressamditions during each suction cycle or
only once enough breastmilk ¢ has been collectdtbint of the flap in order to open the

latter. Other ways of opening the valve are alsssjide.

A flow sensor 8, in this case an optical sensor aiignl as a photoelectric barrier, is
preferably present in the region of the valve flép It appears to hover within the
breastmilk collection container 5 in the schemalistration in accordance with figure 1.

However, it is likewise fastened to the valve héad

The flow sensor 8 measures the aperture angleeofdtve flap 40. The capture region of
the flow sensor 8, i.e. the light path, is provideith reference sign 80 in Figure 1. The
aperture angle of the valve flap 40 is approxinyatetoportional to the amount of
breastmilk d “flowing out”. In order to optimize éhmeasurement accuracy, the aperture
angle of the valve flap 40 is preferably scannetth\at least 30 measurements/second. As
mentioned at the outset, this measurement signedad to correct the measurement of the
fill level sensor described below, particularlytive case of low fill heights. Moreover, this

sensor renders it possible to determine whethemdomh the valve flap 40 has opened.
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A fill level sensor 6 is arranged in an electromiegion 42 of the valve head 4 which is
separated from the breastmilk channel. The eleicsaregion 42 is preferably embodied as
a sealed chamber. By way of example, the separiitomthe remainder of the valve head
may be effected by way of a separating wall 41hdf latter has an obligue embodiment, it

moreover facilitates the breastmilk flow to theweaflap 40.

The fill level sensor 6 has a capture region 60cWlis directed to the opposite base of the
breastmilk collection container 5. Therefore, tilddvel sensor 6 is preferably arranged at
the lower end face of the valve head 4. Preferghly fill level sensor 6 is situated on the
longitudinal central axis of the breastmilk colleat container 5 which, preferably, forms
the axis of rotational symmetry R of the breastmibkection container 5 at the same time.
The fill level sensor 6 is preferably a distancesse, preferably an optical distance sensor

and more preferably a TOF sensor (time-of-flightssw).

The TOF sensor measures a distance from the ssadace to the breastmilk surface. A
microcontroller of an electronics unit 9 convettsstdistance into a volume taking into
account the bottle geometry. The emission, and énéime capture region 60 of the TOF

sensor, is usually conical or collimated.

Moreover, a position sensor 7, in this case a meversensor, is preferably arranged in the
electronics region 42. This position sensor 7 measthe movement or tilt position of the
valve head 4, and hence of the breastmilk collaatimntainer 5 connected thereto by way
of the adapter 2. The signals or data are suppdi¢de aforementioned electronics unit 9,
in particular to the same microcontroller. Theyveeto compensate the signals of the fill
level sensor 6 in the case of tilt positions of threastmilk collection container 5 and
therefore increase the accuracy of the measureriéet.tilt position is denoted by a

double-headed arrow and the reference sign P uré&idy.

The fill level sensor 6 and the position sensorr@ arranged with a fixed position in
relation to one another; i.e., if one sensor isipiat a tilt position and/or moved, the same
applies to the other sensor as well. Preferably,stme also applies to the flow sensor 8.

The breastmilk collection container 5 is likewigeaaged with a fixed position in relation
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to the fill level sensor 6 and, where presenthtposition sensor 7. This is carried out by
way of the corresponding connection to the adaptand the corresponding connection

between adapter 2 and valve head 4.

The aforementioned electronics unit 9 is preferdidgwise arranged in the electronics
region 42 of the valve head 4. Preferably, it casg® an energy supply integrated in the
valve head 4, in particular an energy store. Pablgr no cables or plug-in connections
lead to the outside. The data transfer from thetedaics unit 9 to the outside and, where
present, from the outside to the electronics uras9vell preferably occurs in a wireless
manner. The energy transfer is preferably likevaggied out in a wireless manner. The

electronics region 42 is preferably sealed off fitie outside in a fluid-tight manner.

Figure 2 depicts various communication paths 9énhftbe breast shield unit according to
the invention to external information storage andfdormation-processing units. The
measurement values provide the mother, lactatioecialist or other expert with
information about the amount of expressed breasti8ihce the mother cannot necessarily
see the breastmilk collection container 5 durirg panmping action, this allows her to see
the fill level amount on a display of the breasipu30, on a smart device SD, such as e.g.
her smart phone or her tablet, or on a differeittble machine. Furthermore, these data
may be made available to the Internet by way ofrd@rnet access unit | without further
action by the mother. By way of example, they maystored in a cloud C, suitable to this
end, or transmitted to a different unit OD, for ewde a personal computer. These
measured fill level amount curves may be used fonukaneous or subsequent
optimization of pumping parameters or measuremégarithms. By way of example,
pumping parameters include vacuum level and pumgneguency, duration of a
stimulation program (let down) of the pump priorai@ automatic or manual change to the

expressive, i.e. normal, pumping process and kiee li

The breast shield unit according to the inventiow @he valve head according to the
invention facilitate a fill level measurement withia structural change of the breast shield
and breastmilk collection container. Moreover, tHegilitate a data interchange with

external information storage and/or informationgassing units.
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LIST OF REFERENCE SIGNS

Breast shield

Adapter
Interior

Connection nozzle

Vacuum line

Breast pump

Valve head

Valve flap

Valve flap in the opened position
Separating wall

Electronics region

Breastmilk collection container
Fill level sensor

Capture range of the fill level
sensor

Position sensor

Flow sensor

Capture range of the flow sensor

Electronics unit

90

SD

oD

Communications path

Mother’s breast

Breastmilk emerging from the
mother’s breast

Breastmilk falling into the valve
head

Breastmilk collecting at the valve
head

Breastmilk emerging from the
valve head

Breastmilk collected in the

breastmilk collection container

Rotational position of the
breastmilk collection container in

space

Internet access unit
Smart Device
Cloud

Other units

Axis of rotation
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PATENT CLAIMS

Breast shield unit of a breast pump for expressimgan breastmilk, the breast
shield unit comprising a breast shield (1) to b&cpt onto a mother’s breast, a
breastmilk collection container (5) for receivingpeessed breastmilk, an adapter
(2) for connecting the breast shield (1) to theabmilk collection container (5)
and a valve head (4), with a breastmilk channe¢rekng from the breast shield
(1) into the breastmilk collection container (5yahgh the adapter (2) and the
valve head (4), and the valve head (4) comprisinglee (40), said valve closing
and opening the breastmilk channel during the pampiction, characterized in
that a fill level sensor (6) for measuring a fével of the breastmilk collection

container (5) is arranged in the valve head (4).

Breast shield unit according to Claim 1, whereie fill level sensor (6) is a
distance sensor, preferably a time-of-flight senfmr measuring a distance from
a surface of the expressed breastmilk situatedhan kreastmilk collection

container (5).

Breast shield unit according to either of Claimarid 2, wherein at least one

further sensor (7, 8) is arranged in the valve Hdad

Breast shield unit according to Claim 3, whereire af the at least one further

sensors is a flow sensor (8) which measures thetfloough the valve (40).

Breast shield unit according to Claim 4, whereia tlow sensor (8) is an optical

sensor which detects a deflection of a valve f#)) ©f the valve.

Breast shield unit according to one of Claims btavherein one of the at least
one further sensors is a position sensor (7) wihietects the position of the
breastmilk collection container (5) in three-dimenal space and hence the

obligue position thereof in three-dimensional space
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Breast shield unit according to Claim 6, whereig fhosition sensor (7) is an

acceleration sensor.

Breast shield unit according to either of Claimsr&l 7, wherein the fill level
sensor (6) and the position sensor (7) are arramgédixed positions in relation

to one another in the valve head (4).

Breast shield unit according to one of Claims Btavherein an electronics unit
(9) for processing signals from the fill level seng6) is arranged in the valve
head (4).

Breast shield unit according to Claim 9 and attleag of Claims 4 to 8, wherein
the electronics unit (9) is embodied to procesaag)of the at least one further

sensor (7, 8).

Breast shield unit according to either of Claimar@ 10, wherein the electronics
unit (9) is embodied to interchange data (91, &, %4, 95, 96, 97) with at least
one of the following units: a breast pump (30),saart device” (SD), such as a
smartphone, which is updated from an informatiaht®logy point of view, an
external data processing unit such as a comput&®),(@oud (C), Internet,

Internet access unit (1).

Breast shield unit according to one of Claims 11¢wherein the valve head (4)
is embodied without wires to the outside and, inte of electronic connectors,

without a connector.

Breast shield unit according to one of Claims 129 wherein the valve head (4)

is an integral component of the adapter (2).

Breast shield unit according to one of Claims 13¢ wherein the valve head (4)
is detachably connectable to the adapter (2) antiferbreastmilk collection

container (5).
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15. Valve head of a breast shield unit according to @n€laims 1 to 14, wherein the
valve head (4) has a valve (40) which closes areh®he breastmilk channel
during the pumping action and wherein a fill legehsor (6) for measuring a fill

level of the breastmilk collection container (5arsanged in the valve head.



