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(57) ABSTRACT 

A device for expressing human breast milk has a breast shield 
for bearing against a mother's breast, a vacuum pump for 
generating a vacuum, a line which connects the vacuum pump 
to the breast shield and is intended for transmitting the 
vacuum generated to the breast shield, and a chamber. The 
line ends on the pump side in a first port of the chamber. The 
chamber has a second port for connection to a milk collecting 
container. The two ports in the chamber are connected to each 
other in terms of fluid communication. During the expressing 
operation, the line forms a milk line for transporting breast 
milk expressed in the breast shield to the chamber and from 
the chamber to the milk collecting container. The pump can be 
designed to be quiet and Small. 
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DEVICE AND METHOD FOR EXPRESSING 
HUMAN BREASTMLK 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is a U.S. National Phase 
Application pursuant to 35 U.S.C. S371 of International 
Application No. PCT/CH2010/000225 filed Sep. 17, 2010, 
which claims priority to U.S. Provisional Patent Application 
No. 61/244,636 filed on Sep. 22, 2009. The entire disclosure 
contents of these applications are herewith incorporated by 
reference into the present application. 

TECHNICAL FIELD 

0002 The present invention relates to a device for express 
ing human breast milk, a vacuum pump and to a method for 
operating a device for expressing human breast milk. 

BACKGROUND 

0003. Devices for expressing human breast milk are well 
known. In principle, there are two different types: the first 
device type is operated manually, i.e. the negative pressure 
required for the expressing operation is generated by manual 
actuation of the vacuum pump. In the devices of the second 
type, the vacuum pump is operated electrically, it being pos 
sible for the vacuum pump to be connected to the power 
supply network and/or to be operated via a battery or another 
energy accumulator. Examples for this include WO 
96/22116, US 2009/0099511, US 2008/0287037, U.S. Pat. 
No. 7,094,217 and US 2008/0039781. 
0004. The vacuum pumps are connected to a breast shield 
either directly or via vacuum lines. The breast shield usually 
has a funnel-shaped part for receiving part of the mother's 
breast including the nipple. As a rule, the funnel-shaped part 
merges into a part, which is in the shape of a hollow cylinder 
and to which, firstly, either the vacuum pump is connected 
directly or via a Suction line and which, secondly, is likewise 
connected directly or via a milk line to a milk collecting 
container. It is known to select breast shields in accordance 
with the size of the breast. In particular, breast shield sets are 
known, in which the size of the funnel-shaped part can be 
selected according to the mother. 
0005 Relatively small breast shields are also known in the 
prior art. U.S. Pat. No. 6,379,327 discloses a portable, so 
called “hands-free” expressing device. In this context, 
“hands-free” means that, once switched on, the entire 
expressing device functions without hands, i.e. that neither 
the pump nor the breast shield have to be held by hand. In U.S. 
Pat. No. 327, a small funnel-shaped breast shield is fastened 
for this purpose to the breast using straps. A first tube leads 
from the breast shield to a vacuum pump, which is held in a 
belt. A second tube leads from the breast shield into a milk 
collecting container, which can be carried in the same belt. 
0006 WO 02/102437 and WO 2008/137678 show 
“hands-free” expressing devices as well. Here, the breast 
shield is in each case integrated into a pump housing and 
serves at the same time as a diaphragm for generating a 
negative pressure. 
0007 U.S. Pat. No. 949,414 describes a funnel-shaped 
breast shield, which can be arranged under a bra. Rather than 
a vacuum being applied, a tube leads from the breast shield to 
a baby who is intended to obtain the milk desired by sucking 
on the tube. 
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0008 U.S. Pat. No. 6,440,100 shows a device for express 
ing breast milk with a small breast shield, which can be worn 
under the bra. A milk tube leads from the breast shield to a 
milk collecting container. The container is connected via a 
vacuum tube to a vacuum source. The milk collecting con 
tainer is evacuated by means of the vacuum source, with the 
negative pressure being applied to the breast shield via the 
milk tube. Because of the negative pressure prevailing in the 
milk collecting container, expressed milk is to pass into the 
milk collecting container via the milk tube. As an alternative, 
the milk collecting container itself can serve as a vacuum 
pump. The device has the disadvantage that the relatively 
large Volume of the milk collecting container likewise has to 
be evacuated. The “dead volume” considerably restricts the 
performance of the device. 

SUMMARY OF THE INVENTION 

0009. It is an object of the invention to provide an 
improved device and an improved method for expressing 
human breast milk. 
0010. The device according to the invention for expressing 
human breast milk has a breast shield for bearing against a 
mother's breast, a vacuum pump for generating a vacuum, a 
line that connects the breast shield to the pump chamber and 
is intended for transmitting the vacuum generated to the 
breast shield, and a chamber. The line ends on the pump side 
in a first port of the chamber. According to the invention, the 
chamber has a second port for connection to a milk collecting 
container. The two ports in the chamber are connected to each 
other in terms of fluid communication. During the expressing 
operation, the line forms a milk line for transporting breast 
milk expressed in the breast shield to the chamber. The milk 
is subsequently conducted from the chamber to the milk 
collecting container. 
0011. In the method according to the invention for oper 
ating a device for expressing human breast milk, a vacuum is 
generated in a breast shield by means of a vacuum pump, the 
vacuum generated being conducted from a chamber via a line 
to the breast shield, and expressed milk being collected via 
the breast shield in a milk collecting container. According to 
the invention, during the expressing operation, the same line, 
which is used for transmitting the vacuum, conducts the milk 
expressed in the breast shield to the chamber, and, during the 
expressing operation, the milk being conducted further from 
the chamber into a milk collecting container. 
0012. The device therefore changes from an initial pneu 
matic pumping system to a hydraulic pumping system, 
wherein the same line is used. In this case, the expressed milk 
acts as working fluid in order to express further milk from the 
breast. Furthermore, the milk that has already been expressed 
heats the breast shield, which is pleasant for the mother. 
0013 The device according to the invention and the 
method according to the invention require only a single tube 
connection, even if the milk collecting container is not 
arranged directly on the breast shield. The device can there 
fore also be configured and used as a “hands-free” device. The 
breast shield can be designed to be small and can be fixed in 
a bra. The single line can be discretely concealed in the 
clothing. 
0014 Since the entire system is flooded by milk and there 

is therefore no longer a vacuum line in the classic sense, a 
lower pumping power is required in order to express breast 
milk. Typical values for air output are up to 500 ml/min and 
for milk output up to 100 ml/min. The vacuum pump can 
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therefore be configured to be smaller and lighter, so as to be 
less conspicuous to onlookers. The mother can use the 
vacuum pump more discreetly. In addition, due to the lower 
pumping power requirement, the vacuum pump is quieter 
during use, which in turn increases the comfort and discre 
tion. 
0015 Since the entire system apart from the pumping 
unit-side or drive-side region of the vacuum pump, is flooded 
with milk and there are only very small air-filled dead spaces, 
if any at all, the applied vacuum can more easily be controlled. 
The negative pressure present at the breast shield also corre 
sponds more to the vacuum generated in the vacuum pump. 
0016. The milk line can be realized in various ways. In a 
preferred embodiment, there is a partition wall, which sepa 
rates a vacuum pump drive and the line from each other. As a 
result, the chamber is divided by the partition wall into a 
breast-shield-side region and a drive-side region. The two 
regions are completely separated from each other and are 
connected to each other only via the diaphragm. Thus, milk 
does not pass into the drive-side region of the vacuum pump, 
nor does dirt or air pass from the drive-side region pass into 
the milk-conducting line and therefore into the breast shield 
and the milk collecting container. The partition wall is pref 
erably a diaphragm. 
0017. In a preferred embodiment, the diaphragm is driven 
and serves to convey the expressed milk. As a result, the milk 
can be expressed independently of the relative position of the 
breast shield, the milk collecting container, and the vacuum 
pump with respect to one another. The mother may, for 
example, even express milk while lying down. This is opti 
mum in particular in a “hands-free' embodiment since the 
mother may bend down and in general move very freely. 
0018. A very wide variety of vacuum pumps can be used 
with the vacuum-transmitting and milk-conducting line 
according to the invention. Preferably, but not necessarily, a 
single diaphragm is used in each case both for transporting the 
milk and for separation of the media. 
0019. The vacuum pump is preferably a diaphragm pump, 
wherein the chamber is the vacuum-generating pump cham 
ber of the vacuum pump, and the diaphragm is the diaphragm 
of the pump chamber used for generating the vacuum. 
0020. A preferred vacuum pump according to the inven 
tion for expressing human breast milk by means of a breast 
shield has a drive and a diaphragm that can be driven cycli 
cally by the drive, the diaphragm being arranged in a cham 
ber, the diaphragm separating the chamber into a drive-side 
part and a breast-shield-side part, and the breast-shield-side 
part having a vacuum port for producing a connection to the 
breast shield. According to the invention, the breast-shield 
side part of the chamber furthermore has a milk port for 
producing a connection to a milk collecting container, and the 
vacuum port and the milk port are connected to each other in 
terms of fluid communication via the breast-shield-side part 
of the chamber. Preferably, the vacuum pump is a diaphragm 
pump and the chamber is the vacuum-generating pump cham 
ber. 
0021. The vacuum pump may have, but does not have to 
have, the above-mentioned vacuum-transmitting and milk 
conducting line. In another embodiment, the vacuum pump 
for the breast shield is connected directly to the first port of the 
chamber. 
0022. In a preferred embodiment, the vacuum pump is an 
electric diaphragm pump. In this case, the diaphragm of the 
diaphragm pump preferably forms the above-mentioned dia 
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phragm Serving as a drive for the milk and as a partition wall. 
The drive of the diaphragm preferably serves simultaneously 
to generate the vacuum in the pump chamber and to convey 
the flow of milk. Due to the triple function of the diaphragm, 
the vacuum can be better controlled. 
0023 The diaphragm preferably has a substantially circu 
lar outline. The diaphragm is preferably driven in the central 
region thereof, preferably in the center thereof. 
0024. Other types of diaphragm pumps having, for 
example, a flat coil or a moving coil as the drive system can 
also be used. Alternative pumps without a diaphragm may 
also be used. Furthermore, manually driven pumps may be 
used. 
0025. There is preferably a nonreturn valve or another 
one-way valve, which creates a connection between the 
chamber and the milk collecting container. As a result, the 
connection to the milk collecting container is opened only 
when the remaining system has already been filled as com 
pletely as possible with milk or when there is a sufficiently 
large pressure in the chamber. Heavy loading of the vacuum 
pump by possible air-filled dead volumes is again also 
avoided here. The second port and therefore also the valve are 
arranged at the bottom in the correct position of operation of 
the vacuum pump. The valve is located in the breast-shield 
side region of the chamber, which region is also referred to as 
the line-side region. By contrast, the first port is preferably 
arranged in the upper region of the chamber. As a result, air 
from the chamber is conducted into the milk collecting con 
tainer and air-filled dead volumes and air bubbles in the 
system are avoided. 
0026. The device according to the invention and the 
method according to the invention can be used with all types 
of breast shields. Preferably, however, small breast shields are 
used in order to keep the dead volume as Small as possible. 
0027 Preferably, a breast shield is used, which only sur 
rounds the nipple, and at maximum may also surround the 
aerola. Not only can the breast shield be used in a simple 
manner in a "hands-free” system, for example can be kept in 
abra, the breast shield also has scarcely any air-filled regions 
because of its small size. This has a positive effect on the 
vacuum pump since the pump requires less power and can 
therefore operate more quietly. Furthermore, for this reason, 
the vacuum pump can also be made Smaller. 
0028. In addition, breast shields of this type have the 
advantage that there can be less movement of the tissue of the 
breast within the shield. As a result, the breast shields can bear 
more tightly against the tissue. A lower pumping power is 
required as a result. The pump again can be designed to be 
Smaller and operate more quietly. 
0029. According to the invention, the device has a breast 
shield which adapts itself optimally to the shape of the human 
mother's breast therefore creates a tight or less tight connec 
tion to the breast, depending on requirements. 
0030. Such a breast shield according to the invention has a 
tubular connector and a funnel that is integrally formed 
thereon and is intended for resting on a mother's breast, 
wherein the funnel widens toward the free side thereof that 
faces away from the connector, and wherein there is a pas 
sage, which extends continuously from a breast-side end of 
the funnel as far as a pump-side end, being opposite said 
breast-side end, of the connector and which serves to apply a 
vacuum to the mother's breast and for the flowing away of the 
expressed breast milk. According to the invention, the funnel 
is of more flexible design than the connector, and the funnel 
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has a main region extending over a Substantial part of the 
length thereof with a first opening angle of the passage, and a 
breast-side end region with a second opening angle of the 
passage. When not in use, the first opening angle is Smaller 
than the second opening angle. In use, at least the first opening 
angle can be enlarged by axial pressure on the breast shield. 
0031. The breast shield can also be used in other devices 
for expressing breast milk and is not restricted to the use of 
lines which simultaneously transmit a vacuum and conduct 
milk or to the use of the above-described chambers. 

0032. In contrast to the known breast shields and to the 
natural Sucking of a baby, the nipple in a breast shield of this 
type is customarily not expanded to 2.5 times the length 
thereof. This is pleasant for the mother, in particular if she has 
painful nipples. 
0033. When not in use, typical values of the first opening 
angle of the breast shield are s5° (smaller or equal to 5) and 
of the second opening angle are 90° to 160°. During use and 
depending on the axial pressure applied, at least the second 
opening angle can be enlarged up to 120°, preferably up to 
1609. 

0034. The funnel preferably has a breast-side diameter of 
5 mm to 40 mm and a length of 10 mm to 40 mm, and 
therefore, in use, the nipple, and at maximum the areola, is 
surrounded by the breast shield. Milk ducts in the breast tissue 
are preferably not surrounded by the breast shield. 
0035. Between the connector and funnel, there is prefer 
ably a transition region with a third opening angle of the 
passage, wherein the third opening angle is larger than the 
first opening angle when the device is not in use. 
0036 Typical values of the third opening angle are 60° to 
15Oo. 
0037. The main region preferably directly adjoins the tran 
sition region. The end region preferably also directly adjoins 
the main region. 
0038. In a preferred embodiment, the connector has a wall 
thickness that is much greater than the wall thickness of the 
funnel. As an addition or alternative, the connector may also 
be formed from a material having a greater shore hardness. 
0039. In the transition region between the connector and 
funnel there is preferably an outer stop, which protrudes over 
the outer circumference of the connector. 

0040. The connector can be readily inserted into a recess if 
the outer circumference of the connectoris designed Such that 
it widens conically toward the funnel. 
0041. The breast shield according to the invention is pref 
erably manufactured from silicone and preferably has a Shore 
A hardness of 30 to 70. The funnel preferably has a Shore A 
hardness of about 50. The connector has preferably a Shore A 
hardness of about 70. 

0042. So that the relatively small and compact breast 
shield can be readily held in the hand, a coupling part is 
preferably provided in a breast shield set. The coupling part 
serves to receive the breast shield connector in a sealing 
manner, wherein the coupling partis of cylindrical design and 
is closed on one side by a base such that a blind hole for 
receiving the connector is formed. There is a port opening, 
which is connected to the passage of the breast shield in terms 
of fluid communication. 

0043. In the assembled state, an end side of the connector 
remote from the breast shield preferably ends at a distance 
from the base of the coupling part. The port opening is pref 
erably arranged eccentrically in the coupling part. 
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0044. If the port opening is arranged in an upper region of 
the coupling part and the coupling part has a marking, which 
defines “this side up' in the space, then, during the expressing 
operation, stationary air bubbles are avoided in the coupling 
parts and air-filled dead spaces are eliminated. 
0045. In order to be able to insert the conical connector 
more easily, the blind hole of the coupling part also tapers in 
diameter toward the base. 
0046. The coupling part is preferably of stiff design, this 
facilitating the insertion of the connector and increasing the 
stability. The part can therefore be more easily held or fas 
tened. 
0047. The combination of the three elements a vacuum 
transmitting and milk-conducting line, a pump chamber dia 
phragm with its triple function, and the breast shield that is of 
Small design and avoids dead volumes results in a device that 
can be designed to be Small and quiet, and furthermore is 
optimally suitable for any type of use, in particular “hands 
free' use. 
0048. Further advantageous embodiments and variants of 
the method are indicated in the dependent claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0049. Preferred embodiments of the invention are 
described below with reference to the drawings that serve 
merely for explanation and should not be interpreted as being 
limiting. In the drawings: 
0050 FIG. 1 shows an exploded view of a first embodi 
ment of a device according to the invention, in which a side 
wall of the vacuum pump is not illustrated; 
0051 FIG. 2 shows the device according to FIG. 1 
assembled for use, in which a side wall of the vacuum pump 
is not illustrated; 
0.052 FIG.3 shows an exploded view of the vacuum pump 
from a first side; 
0053 FIG. 4 shows the vacuum pump according to FIG.3 
from a second side; 
0054 FIG. 5 shows the vacuum pump according to FIG.3 
assembled for use, but without a side wall; 
0055 FIG. 6 shows a second embodiment of a device 
according to the invention, in which a side wall of the vacuum 
pump is not illustrated; 
0056 FIG. 7a shows a longitudinal section through a 
breast shield according to the invention, applied to a human 
breast with a relatively large contact pressure; 
0057 FIG. 7b shows a longitudinal section through the 
breast shield according to the invention according to FIG.7a, 
applied to a human breast with a smaller contact pressure; 
0.058 FIG. 8 shows a longitudinal section through the 
breast shield according to FIG. 7b with a coupling part in a 
first embodiment; 
0059 FIG. 9 shows a longitudinal section through a cou 
pling part in a second embodiment; 
0060 FIG. 10 shows a longitudinal section through a cou 
pling part in a third embodiment; 
0061 FIG. 11 shows a longitudinal section through the 
coupling part according to FIG. 8: 
0062 FIG. 12 shows an exploded view of part of the 
device according to the invention with a pump unit in a third 
embodiment; 
0063 FIG. 13 shows alongitudinal section through part of 
the device according to FIG. 12; 
0064 FIG. 14 shows a longitudinal section through the 
pump unit according to FIG. 12 in a first embodiment, and 
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0065 FIG. 15 shows a longitudinal section through a 
pump unit in a second embodiment. 
0066. The same parts are provided with the same designa 
tions in the Figures. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0067 FIGS. 1 to 5 illustrate a first embodiment of the 
device according to the invention. The device has a vacuum 
pump 1, a first line 2, a coupling part 3, a breast shield 4, a 
nonreturn valve 5, a second line 6, and a milk collecting 
container 7. 
0068. The breast shield 4 is connected to the vacuum pump 
1 via the coupling part 3 and the first flexible line 2. The 
second flexible line 6 leads from the vacuum pump 1 to the 
milk collecting container 7, the connection being provided 
with the nonreturn valve 5. The two flexible lines 2, 6 are 
preferably tubes, preferably made of silicone. 
0069. As illustrated in FIG. 6, the milk collecting con 
tainer 7 may alternatively be fastened directly to the vacuum 
pump 1. For this purpose, there is preferably a suitably shaped 
adapter 70 on the milk collecting container 7, the adapter 
being detachably connectable to a housing 10 of the vacuum 
pump. 
0070 The vacuum pump 1 has the abovementioned hous 
ing 10, a side wall of the housing 10 not being illustrated in the 
drawings. As a result, the interior of the housing 10 can be 
revealed. This can be readily seen in FIGS. 3 to 5. There is an 
electric motor 11 in the housing 10. The electric motor can be 
operated from the electric supply network and/or the motor 
can be battery operated. 
0071. A force transfer unit 12, here a piston rod connected 
to the motor, transfers the rotational movement of the motor 
into a linear movement. The connecting rod 12 is connected at 
the second end thereof to a diaphragm 14. The diaphragm 14 
is arranged in a recess 112 of the housing 10, which forms part 
of a pump chamber. A cover 13 that is detachably connectable 
to the housing 10 secures the diaphragm 14 in its position. 
0072 Instead of the drive, other types of drives, in particu 
lar even manual drives, can also be used. 
0073. The cover 13 is preferably screwed to the housing 
10. Other types of connections are likewise possible. The 
cover 13 likewise has a recess 133 such that the cover forms 
a second part of the pump chamber. The two parts of the pump 
chamber are separated from each other by the diaphragm 14. 
The cover 13 can be formed as a single piece or as a number 
of pieces. 
0074 The principle of operation of the diaphragm pump is 
not described in detail here since it is well known. By means 
ofa drive, hereby means of a motor 11 and connecting rod 12. 
the diaphragm is moved cyclically to and fro Such that a 
negative pressure is generated in the breast-shield-side or 
cover-side part of the pump chamber. Instead of the drive 
illustrated here, other types of drives suitable for moving the 
diaphragm 14 cyclically can also be used. The electronics 
required for operating the pump and the control elements are 
not illustrated here. The pump can be operated with a tempo 
rally constant cycle, or, as is known in the prior art, the Suction 
curve may be adapted in the shape, frequency, and intensity 
thereof to the suction behavior of the baby and/or to the 
requirements of the mother. 
0075. In the cover 13, i.e. in the valve plate, there is a first 
outlet opening 130, which connects the environment to the 
cover-side part of the pump chamber. The outlet opening 130 
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serves as a first port for the first line 2. A second outlet 
opening 131, which likewise connects the cover- and the 
breast-side part of the pump chamber to the Surroundings, 
respectively, is designed as a second port. The second port is 
provided with the nonreturn valve 5. A duckbill valve may be 
plugged onto a connector. However, other types of valve are 
also usable. 

0076. In use, the breast shield 4 is placed onto the mother's 
breast such that the breast shield at least surrounds the nipple. 
Preferably, at maximum the areola is additionally surrounded 
by the breast shield 4. The vacuum pump 1 is switched on and 
operated in a known manner. The vacuum generated in the 
pump chamber evacuates the first line 2 such that there is a 
negative pressure in the breast shield 4. As a result, milk is 
expressed from the mother's breast and passes through the 
breast shield 4 and the coupling part 3 into the first line 2. The 
milk flows through the first port 130 into the cover-side part of 
the pump chamber. The expressed milk leaves the pump 
chamber through the second port 131 and the nonreturn valve 
5 and passes into the milk collecting container via the second 
line 6 (see FIG. 2) or else, depending on the embodiment, 
directly (see FIG. 6). There is therefore no separate line for 
transporting the milk. The first line 2 serves at the same time 
as a Suction line and as a milk transport line. After initial 
pneumatic pumping, the device therefore changes to hydrau 
lic pumping. This is a further approximation to the natural 
Sucking of babies. 
0077. The diaphragm 14 in the pump chamber has three 
functions. First, the diaphragm forms the diaphragm of the 
diaphragm vacuum pump and thus generates the vacuum in 
the pump chamber. Second, the diaphragm serves as a parti 
tion wall between the air in the pump-side part of the pump 
chamber and the milk in the cover-side part of the pump 
chamber. The diaphragm therefore serves as a means of sepa 
rating media and prevents milk from being able to pass into 
the pump unit. However, the diaphragm also prevents dirt 
from the pump unit from being able to pass into the first and 
second lines 2, 6. Third, the cyclic movement of the dia 
phragm within the pump chamber results in said diaphragm 
conveying and transporting the milk. Due to the third function 
of the diaphragm 14, during the expressing operation, the 
milk collecting container 7, breast shield 4, and vacuum pump 
1 can be arranged in positions which are independent of one 
another. For example, the milk collecting container 7 can be 
located above the vacuum pump 1 and/or the breast shield 4. 
The vacuum pump 1 may also be above the milk collecting 
container7 and/or the breast shield 4. This enables the mother 
to express milk even while lying down or, if she is seated, to 
place the milk collecting container 7 and the vacuum pump 1 
onto a shelf or another raised platform out of the reach of 
small children. 
0078. In the examples according to FIGS. 1 to 6, a negative 
pressure of 0 to 300 mmHg is preferably generated. The 
pumping frequency is preferably between 5 and 120 cycles 
per minute. 
0079. In one embodiment, the nonreturn valve 5 prefer 
ably opens only when there is Sufficient pressure, i.e. when 
the pump chamber is sufficiently filled with milk. As a result, 
the dead volume, which has to be evacuated, can be kept to a 
minimum. 

0080. In addition, the dead volume can be reduced by use 
being made of a small breast shield 4, which only surrounds 
the nipple and as Small a part of the remaining breast as 
possible, if any part of the remaining breast at all. A Suitable 
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breast shield 4 according to the invention is illustrated in the 
figures. The breast shield and the coupling part 3 thereof can 
readily be seen in FIGS. 7 to 11. 
0081 FIG. 7a shows a breast shield 4 according to the 
invention applied to a female breast B. The breast shield 4 has 
a connector 40, a funnel 42, and a transition region 44 con 
necting these two. There is preferably a radially outwardly 
protruding flange 41 between the connector 40 and funnel 42. 
A continuous passage 43 extends through the entire breast 
shield 4 such that the breast shield is designed to be open at 
two opposite ends. The breast shield 4 is preferably of rota 
tionally symmetrical design. 
0082. The breast shield 4 is preferably designed as a single 
piece and is customarily composed of plastic, preferably of 
silicone, for example. 
0083. The connector 40 is of solid design, i.e. relatively 
stiff design, and serves for the coupling to the coupling part3. 
The connector 40 has a wall thickness which is much greater 
than the wall thickness of the funnel 42. In this example, the 
connector 40 is of conical design at the outer circumference 
thereof while the connector is preferably of rotationally sym 
metrical design. The conicity facilitates the insertion into the 
coupling part 3 and, in addition, increases the tightness of the 
connection to the coupling part 3. The tightness is further 
more obtained by the connector 40, due to the material, being 
slightly compressed in the coupling part. For this purpose, the 
outside diameter of the connector 40 is slightly larger than the 
inside diameter of the coupling part 3. Example external 
diameters of the connector 40 are 8 mm to 40 mm. Example 
lengths are 5 mm to 40 mm. 
0084. The funnel 42 serves to receive the mother's breast. 
The funnel is preferably configured to be highly flexible. The 
funnel is of substantially more flexible and soft design than 
the connector 40. Due to the flexibility thereof, the funnel 
adapts its shape to the shape of the breast. The funnel 42 has 
a smaller wall thickness than the wall thickness of the con 
nector 40. Alternatively, the connector 40 and funnel 42 may 
also have the same wall thickness, wherein, in this case, the 
connector 40 is preferably manufactured from a material 
having a greater Shore hardness or has reinforcement. The 
funnel 42 preferably has a Shore A hardness of about 50 and 
the connector 40 has a Shore A hardness of about 70. 

0085 FIG. 8 illustrates the breast shield 4 when not in use. 
The funnel 42 has at least two regions: a main region 420 and 
a front, breast-shield-side end region 421. When not in use, 
the main region 420 has a first opening angle C. and the end 
region has a second opening angle C2. The first opening angle 
C. is Smaller than the second opening angle C. In addition, 
the wall is preferably bent over outward in the end region 421. 
As can be seen in FIGS. 7a and 7b, the first opening angle C. 
can be enlarged upon axial contact pressure on the breast Such 
that the end region 421 can be optimally adapted to the shape 
of the breast. 
I0086. As can be seen in the figures, the main region 420 
directly adjoins the end region 421. At the other end, the main 
region 420 directly adjoins the transition region 44. 
0087. In the transition region 44 there is a further, third 
opening angle C, which is likewise larger than the first open 
ing angle C. of the main region 420. The third opening angle 
serves as a predetermined value for the main region for 
enlarging the angle. 
0088. The angles when not in use are preferably, for the 

first opening angle Cs5, for the second opening angle C, 
90° to 160°, and for the third opening angle C, 60° to 150°. 
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When in use, at least the first opening angle C. can be 
enlarged to an angle of up to 10°. 
I0089. The funnel 42 has a length L of 10 mm up to 40 mm. 
The diameter D in the front end region is preferably 5 mm to 
40 mm, preferably 20 mm to 40 mm. As a result, the funnel 42 
is so Small that the funnel Surrounds only the nipple or in 
addition, at the most a portion or all of the areola of the breast. 
This corresponds approximately to the portion of the breast, 
which is taken into the mouth by a baby. The funnel 42 is of 
frustoconical design in the region of the connector 40, the 
funnel opening toward the breast. The front, breast-side bor 
der thereof is inclined outward to a greater degree than the 
connector-side part. 
0090 Since the breast shield 4 or at least the funnel 42 is 
configured to be flexible, the mother, by choosing the contact 
pressure, can select how much of the breast is actually Sur 
rounded by the breast shield 4. The contact pressure is pro 
duced from the axial pressure on the funnel 42 and the coun 
terpressure from the mother's breast. In FIG. 7a, the contact 
pressure is relatively large and the funnel is expanded, and, in 
FIG. 7b, the pressure is smaller and the funnel 42 merely 
encloses the nipple. By choosing the contact pressure, the 
tightness of bearing against the breast can also be adjusted 
and therefore the expressing operation can be adjusted to be 
as comfortable as possible for the mother. 
0091. As can be seen in FIG. 8, the breast shield 4 is 
plugged into the coupling part 3. The coupling part 3 is 
preferably likewise configured to be small, but to be as stiff as 
possible. In the outer circumference thereof, the coupling part 
is preferably of cylindrical design and, in the inner circum 
ference thereof, is frustoconical or conical, respectively. The 
coupling part 3 has a U-shaped cross section, i.e. is designed 
to be open at one end and closed at the opposite end. There is 
therefore a blind hole, into which the connector 40 of the 
breast shield 4 can be pushed as far as the stop 41. In FIG. 8, 
the breast shield 4 is not yet fully pushed in. As can be seen, 
however, in the fully-pushed in state, there is a gap between 
the end side of the connector 40 and the rear wall of the 
coupling part 3, the gap forming a fluid passageway from the 
passage 43 to a port opening 31 in the coupling part 3. 
0092. The port opening 31 serves for the connection of the 

first line 2. The first line 2 may simply be plugged into the port 
opening, may be connected fixedly to the coupling part 3, or 
there may be plug-in or plug-on means, for example connec 
tors, for connection to the first line 2. 
0093. The port opening 31 may be provided at different 
locations. In FIG. 8, the port opening 31 is arranged in the 
upper region in the rear wall of the coupling part 3. In FIG.9. 
the port opening 31 is arranged centrally in the rear wall. In 
FIG. 10, the port opening 31 is arranged in the casing, but in 
the rear region close to the rear wall, and is preferably 
arranged in the upper region. FIG. 11 once again shows the 
situation according to FIG. 8, but without the breast shield 4 
plugged in. 
0094. If the port opening 31 is arranged at the top, the 
residual air in the coupling part 3 is sucked off together with 
the milk and the dead volume is reduced once again. In use, 
the breast shield 4 and coupling part 3 no longer have any air 
chambers. The clearances thereof, if still present, are filled 
with milk. So that the port opening 31 is actually directed 
upward during use, a corresponding marking, for example, 
can be indicated on the coupling part 3. 
0095 FIGS. 12 to 14 illustrate an alternative embodiment. 
The suction line 2 also forms the milk line. The expressed 
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milk is transported on the breast side from the breast shield 4 
via the first line to a chamber 8 and from there is transported 
further into the milk collecting container 7. Furthermore, a 
diaphragm 14' is also arranged here in the chamber 8, the 
diaphragm dividing the chamber 8 into a breast-shield-side 
region and a drive-side or unit-side region. 
0096. However, the diaphragm 14' is not the diaphragm of 
the vacuum pump, as in the previous examples, but an addi 
tional diaphragm. As before, the diaphragm 14" has the func 
tion of separating media and serves as a partition wall 
between the breast-shield-side part 81, which is filled with 
milk during use, and the unit- or pump-side part 80, which has 
a negative pressure and is filled with air. Furthermore, as 
before, the diaphragm 14 is moved cyclically, as is described 
below. As a result, the diaphragm 14" transports the milk from 
the breast shield 4 through the breast-shield-side part 81 into 
the milk collecting container 7, irrespective of the relative 
position of the breast shield 4, the vacuum pump 9, and the 
milk collecting container 7 with respect to one another. The 
system also changes here from a pneumatic pump into a 
hydraulic pump. 
0097. The diaphragm 14' illustrated here has a circular 
outline, the diaphragm having laterally protruding wings 
140'. There are three wings 140'. The base plate 10", which in 
turn may be part of a vacuum pump housing has lateral stops 
110' between which the wings 140' are held. As a result, the 
diaphragm 14' can be held in an unambiguous position in the 
chamber 8, which facilitates assembly. The wings can also be 
used in the embodiments described with reference to FIGS. 1 
to 11. 

0098. The embodiment described here is a separate dia 
phragm pump, referred to here as a pump unit 9. The dia 
phragm 14' is connected to the pump unit 9 via a vacuum line 
12' and is driven by the pump unit 9 on the basis of the 
cyclically changing pressure in the vacuum line 12. 
0099. The cover 13' has two ports 130' and 131' for the first 
and second lines 2, 6 and for the milk collecting container 7, 
respectively. However, the second port 131' is preferably also 
provided with a nonreturn valve 5. The connection to the 
counterplate, which in turn may be part of a pump housing 10. 
preferably takes place via Snap-in or screw connections, 
wherein the corresponding holes are provided with the des 
ignations 132 and 111 in FIG. 12. 
0100. The pump unit 9 according to the invention can now 
be readily seen in FIG. 14. The pump unit 9 has a housing 90. 
which is preferably manufactured from metal or plastic. The 
housing 90 preferably has a cuboidal design. A flat iron core 
911 and a permanent magnet 91 attached to the flat iron core 
are arranged on one side of the housing 90. The iron core 911 
rests upon the housing 90 such that the permanent magnet 91 
is in a recess of the housing. The permanent magnet 91 con 
sists of two parts, which are spaced from one another such that 
there is a recess 910 between both parts. 
0101 There is an identical construction on an opposite 
side of the housing available again. An iron core 911 and a 
permanent magnet 91 attached to the iron core are also 
arranged here. 
0102. A flat coil former 92 with a coil 921 wound around 
the coil former 92 runs between the two mutually opposite 
pairs of permanent magnets 91. The coil former 92 is of 
Substantially rod-shaped or plate-shaped design. At one end, 
the coil former is held in a fixed position in a guide bearing 93. 
The guide bearing 93 is displaceable together with the coil 
former 92 including the coil 921 relative to the housing 90 and 
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therefore relative to the permanent magnet 91 along the lon 
gitudinal axis of the housing 90. For this purpose, the housing 
90 has a plain bearing 900. The movement of the coil former 
92 is illustrated by a double arrow in FIG. 14. 
(0103. The other end of the coil former 92 is connected 
fixedly to a diaphragm, referred to here as the vacuum dia 
phragm 94. The vacuum diaphragm 94 bears against the 
housing 90 on the end side thereof and is clamped securely 
between the housing 90 and a valve plate 95. The diaphragm 
94 separates a pump chamber 96 from the coil former 92. The 
vacuum diaphragm 94 preferably has a circular outline, pref 
erably having a shape customary for diaphragms of dia 
phragm vacuum pumps. The valve plate 95 is held between 
the housing 90 and a cover 99. The three parts are preferably 
connected, for example screwed, tightly to one another in a 
detachable or nondetachable manner. The corresponding 
holes are provided with the reference number 991 in the cover 
99. The cover 99 has a port opening 990 for the vacuum line 
12, which is connected to the pump chamber 96. An air inlet 
opening 992 in the cover 99 likewise connects the environ 
ment to the pump chamber 96 via the valve plate 95. The valve 
plate 95 has the valves, inlets, and outlets customary for 
diaphragm vacuum pumps. These are not described in detail 
here. 
0104. If an alternating electric current flows through the 
coil, the electromagnetic field changes and the coil former 92 
moves relative to the permanent magnet 91. The coil former 
92 acts like a piston or ram and moves the Vacuum diaphragm 
94 cyclically to and fro. In this case, the force acting on the 
vacuum diaphragm 94 is proportional to a current applied to 
the coil. By means of the movement of the vacuum diaphragm 
94, a cyclically changing vacuum is built up in the pump 
chamber 96. The changes in pressure are passed on via the 
vacuum line 12" to the chamber 8 where the diaphragm 14 is 
moved analogously. 
0105. The vacuum diaphragm 94 of the pump unit 9 is 
therefore driven via a linear movement that is generated elec 
tromagnetically In comparison to the rotating drives that are 
otherwise customary, the linear movement of the vacuum 
diaphragm is quieter. Fewer vibrations and structure-borne 
Sound are generated. In contrast to the prior art, the stroke 
length can be changed and can be electronically controlled. 
This permits precise control even under low vacuum levels. 
0106. In order for the stroke length to be able to be con 
trolled in a specific manner, the displacement and the position 
of the coil former 92 is monitored, respectively. Position 
and/or movement sensors are used for this purpose. In this 
example, this takes place by means of an optical sensor, which 
detects a position scale. The position scale 920 is preferably 
provided on the coil former 92. A light source 97 sends light 
perpendicularly to the longitudinal direction of the coil 
former 92 to an opposite detector 98, the light passing through 
the position scale 920. The coil former is transparent in the 
region. The light source 97 and the detector 98 are preferably 
arranged in the recesses 910 of the permanent magnet 91. 
Other types of position measurement are possible. The mea 
Sured signal is sent to an electronic controller of the vacuum 
pump and the current is applied to the coil according to the 
signal. As a result, the position, the deflection amplitude, and 
the frequency can be controlled independently of one another. 
Vacuum values of 0 to 300 mmHg are customarily obtained. 
The frequencies are customarily 0 to 150 cycles per minute. 
0107 As an alternative, instead of the guide bearing 93, 
there may also be a second diaphragm, which is of similar or 
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identical design to the vacuum diaphragm 94. This results in 
a symmetrical construction, which likewise ensures guidance 
and therefore a linear movement of the coil former 92 within 
the housing 90. In addition, the second diaphragm can like 
wise be used to build up the vacuum such that the flow rate can 
be increased. 
0108 FIG. 15 shows a further embodiment of a vacuum 
pump with an electromagnetically generated linear driving 
movement of the diaphragm. In contrast to the above-de 
scribed flat coil, a moving coil is used here. The magnet and 
coil are of annular or cylindrical design, respectively. A hous 
ing 90' is also present here. The permanent magnet 91" is held 
at the rear end of the moving coil remote from the breast 
shield. The permanent magnet is passed by an iron core 911', 
which is in contact to the permanent magnet 91" on a first end 
side thereof. Against the opposite end side of the permanent 
magnet 91' bears an iron ring 912. The coil former 92 
engages around the iron core 911' and is axially guided by the 
iron core. The coil former 92 extends between the iron core 
911" and the permanent magnet 91" or the iron ring 912. The 
coil former is guided without contact in the permanent mag 
net 91" and in the iron ring 912", respectively. The wound coil 
921 surrounds the coil former 92 in this region. 
0109. The coil former 92 is also fixedly connected to the 
vacuum diaphragm 94' and acts as a piston for the linear drive 
of the vacuum diaphragm 94'. The pump chamber is provided 
with the reference number 96", the valve plate with the refer 
ence number 95 and the cover with the reference number 99'. 
The port opening has the reference number 990' and the air 
inlet opening has the reference number 992. Also here, there 
is again a position sensor, which indicates the position of the 
coil former 92 relative to the magnet 91", and therefore the 
movement and position of the vacuum diaphragm 94', respec 
tively, to a controller in order to control the vacuum. The light 
source is denoted by the reference number 97", the detector by 
98’, and the position scale by 920'. The position scale is 
preferably of a transparent design. In contrast to the previous 
example, the sensor here is arranged outside the region of the 
permanent magnet 91'. 
0110. The two vacuum pumps described with reference to 
FIGS. 12 to 15 can also be used in known breast pumps. That 
is to say, for example, in systems in which the Suction line 
between the vacuum pump and breast shield is separate from 
the flow of milk. 
0111. The elements of the above-described embodiments 
can be combined with one anotherindividually or in groups in 
order to form further embodiments. 

1. A device for expressing human breast milk, wherein the 
device has a breast shield for bearing against a mother's 
breast, a vacuum pump for generating a vacuum, a flexible 
line which connects the vacuum pump to the breast shield and 
is intended for transmitting the vacuum generated to the 
breast shield, and a chamber, the flexible line ending on the 
pump side in a first port of said chamber, wherein the chamber 
has a second port for connection to a milk collecting con 
tainer, wherein the two ports in the chamber are connected to 
each other in terms of fluid communication, and wherein, 
during the expressing operation, the flexible line forms a milk 
line for transporting breast milk expressed in the breast shield 
to the chamber and from the chamber to the milk collecting 
container. 

2. The device as claimed in claim 1, wherein there is a 
partition wall, which separates the chamber into a drive-side 
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region and a breast-shield-side region, and wherein the first 
and the second port are arranged in the breast-shield-side 
region. 

3. The device as claimed in claim 2, wherein the partition 
wall is a diaphragm, wherein the diaphragm is driven and is 
designed for conveying the expressed milk. 

4. The device as claimed in claim 3, wherein the vacuum 
pump is a diaphragm pump, the chamber is a pump chamber 
of the vacuum pump, and the diaphragm divides the chamber 
into the drive-side region and the breast-shield side region. 

5. The device as claimed inclaim3, wherein the drive of the 
diaphragm serves simultaneously to generate the vacuum in 
the pump chamber and to convey the flow of milk. 

6. The device as claimed in claim3, wherein the diaphragm 
has a Substantially circular outline. 

7. The device as claimed in claim3, wherein the diaphragm 
is driven in the central region thereof. 

8. The device as claimed in claim 1, wherein the second 
port is provided with a one-way valve, which prevents sucked 
off milk from flowing back from the milk collecting container 
to the chamber. 

9. The device as claimed in claim 1, wherein the breast 
shield has a tubular connector and a funnel, which is inte 
grally formed thereon and is intended for resting on a moth 
er's breast, wherein the funnel widens toward the free side 
thereofthat faces away from the connector, and wherein there 
is a passage, which extends continuously from a breast-side 
end of the funnel as far as a pump-side end, being opposite 
said breast-side end, of the connector and which serves to 
apply a vacuum to the mother's breast and for the flowing 
away of the expressed breast milk, wherein the funnel is of 
more flexible design than the connector, wherein the funnel 
has a main region extending over a Substantial part of the 
length thereof with a first opening angle of the passage, and a 
breast-side end region with a second opening angle of the 
passage, and wherein, when not in use, the first opening angle 
is Smaller than the second opening angle, and wherein, in use, 
at least the first opening angle can be enlarged by axial pres 
sure on the breast shield. 

10. The device as claimed in claim 1, wherein the breast 
shield has a tubular connecter and a funnel that is integrally 
formed thereon and is intended for resting against a mother's 
breast, wherein the funnel has a breast-side diameter of 5 mm 
to 40 mm and a length of 10 mm to 40 mm, Such that, in use, 
the nipple, and at maximum the areola, is Surrounded by the 
breast shield. 

11. The device as claimed in claim 1, wherein the breast 
shield is arranged in a coupling part, the upper region of 
which, in use, has a port for the connection of the line. 

12. A vacuum pump for expressing human breast milk by 
means of a breast shield, the vacuum pump having a drive and 
a diaphragm that can be driven cyclically by the drive, the 
diaphragm being arranged in a chamber, the diaphragm sepa 
rating the chamber into a drive-side part and a breast-shield 
side part, and the breast-shield-side part having a vacuum port 
serving as a port for a flexible line for producing a connection 
to the breast shield, wherein the breast-shield-side part of the 
chamber furthermore has a milk port for producing a connec 
tion to a milk collecting container, and wherein the vacuum 
port and the milk port are connected to each other in terms of 
fluid communication via the breast-shield-side part of the 
chamber. 

13. The vacuum pump as claimed in claim 12, wherein the 
vacuum pump is a diaphragm pump, and the chamber is the 
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pump chamber of the diaphragm pump used for generating 
the vacuum, and the diaphragm is the diaphragm used for 
generating the vacuum. 

14. A method for operating a device for expressing human 
breast milk, a vacuum being generated in a breast shield by 
means of a vacuum pump, the vacuum generated being con 
ducted from a chamber via a line to the breast shield, and 
expressed milk being collected via the breast shield in a milk 
collecting container, wherein, during the expressing opera 
tion, the same line, which is used for transmitting the vacuum, 
conducts the milk expressed in the breast shield to the cham 
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ber, and wherein, during the expressing operation, the milk is 
conducted further from the chamber into the milk collecting 
container. 

15. The method as claimed in claim 14, wherein a nonre 
turn valve is used, which, when there is sufficient pressure in 
the chamber, creates a connection between the chamber and 
the milk collecting container. 

16. The device as claimed in claim 3, wherein the dia 
phragm is driven in the center thereof. 
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