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BREAST PUMP SYSTEM 

RELATED APPLICATION 

[0001] This application is related to and claims priority in, 
copending US. Provisional Application Ser. No. 60/343, 
769, ?led Dec. 27, 2001, copending US. Provisional Appli 
cation Ser. No. 60/403,415, ?led Aug. 14, 2002 and copend 
ing US. Provisional Application Ser. No. 60/428,463, ?led 
Nov. 22, 2002, the disclosures of Which are incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to apparatus and 
methods for obtaining breast milk. More particularly, the 
present invention relates to a breast pump system that 
applies both a positive pressure and a negative pressure to a 
breast to express breast milk. 

[0004] 2. Description of the Related Art 

[0005] Breast pump systems for obtaining breast milk, 
both manually and automatically, are knoWn in the art. A 
conventional system uses a vacuum source to generate a 

negative pressure or vacuum that is transmitted through 
tubing to a breast hood or cup that is placed on the breast. 
This conventional device and method uses a negative pres 
sure on the breast to express the breast milk. Such systems 
suffer from the draWback of applying only a vacuum source 
as negative pressure to the breast to induce the expression of 
breast milk. 

SUMMARY OF THE INVENTION 

[0006] It is an object of the present invention to provide a 
breast pump system for expressing milk that applies both a 
positive pressure and a negative pressure to a breast to 
express the milk. 

[0007] It is another object of the present invention to 
provide such a system that supplies the positive and negative 
pressure from a single source. 

[0008] It is still another object of the present invention to 
provide such a system that facilitates control of the positive 
and negative pressure applied to the breast. 

[0009] These and other objects and advantages of the 
present invention are provided by a breast pump system 
having a pressure source for generating a positive pressure 
and a negative pressure, and a breast cup in ?uid commu 
nication With the pressure source, Wherein the breast cup 
applies positive pressure and negative pressure to the breast. 

[0010] The present invention also includes a breast pump 
system having a cylinder With a cylinder volume, a piston 
movably disposed in the cylinder, a motor operably con 
nected to the piston to generate a pressure in the cylinder 
volume, and a breast cup in ?uid communication With the 
cylinder volume, Wherein the breast cup applies the pressure 
to the breast. 

[0011] The present invention further includes a breast 
pump having a pressure source for generating a positive 
pressure and a negative pressure, and a controller operably 
connected to the pressure source. The controller adjusts the 
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positive and negative pressure and adjusts a cycle time 
betWeen application of the positive and negative pressure to 
the breast. 

[0012] The present invention additionally includes a 
breast pump having a source for generating a pressure, and 
a controller operably connected to the pressure source. The 
controller adjusts the pressure and adjusts a cycle time 
betWeen application of the pressure to the breast. The 
controller also generates a Wave signal in response to the 
pressure and the cycle time, and controls the pressure source 
in response to the Wave signal. 

[0013] The system can also have a channel and the breast 
cup can have an air ori?ce. The channel is connected to the 
air ori?ce and the pressure source, and the pressure source 
supplies reciprocating air ?oW through the channel betWeen 
the breast cup and the pressure source. The channel can be 
?exible tubing. The pressure source can be a piston movably 
disposed in a cylinder. There can be a motor, a rack having 
?rst teeth and a gear having second teeth. The rack is 
preferably connected to the piston. The gear is preferably 
operably connected to the motor. Preferably, the ?rst teeth 
engage With the second teeth to reciprocally move the piston 
in the cylinder. 

[0014] The piston can have a sealing member disposed 
betWeen the piston and the cylinder. The sealing member can 
be an o-ring disposed on the piston. The piston can have a 
substantially cylindrical shape With a circumferential Wall, 
and the sealing member can be a plurality of gaskets 
disposed on the circumferential Wall. The piston can have a 
substantially cylindrical shape With a circumferential Wall 
having a circumferential channel formed therein. The seal 
ing member is at least partially disposed in the channel. The 
piston can have a v-shaped cross section With a leading edge 
and a trailing edge. The leading edge and the trailing edge 
form a sealing engagement With the cylinder. 

[0015] The piston can be ?exibly secured to the rack. The 
piston can have a recess and the rack can have a ?rst end 
With an abutment formed therein. The abutment is peferably 
?exibly secured in the recess. The recess and the ?rst end 
can have detent structures. The cylinder can have a ?rst 
diameter and an air hole. The air hole has a second diameter 
and is in ?uid communication With the atmosphere. The ?rst 
diameter is preferably signi?cantly larger than the second 
diameter. 

[0016] There can also be a controller operably connected 
to the motor. The motor is reversible and the controller 
reverses the motor based upon a positive or negative pres 
sure limit. There can be a controller operably connected to 
the motor. The motor is a reversible motor, and the controller 
determines a distance that the piston has traveled relative to 
the cylinder. The controller reverses the motor based upon 
the distance. There can be a photo-sensor that generates a 
signal in response to the distance. The signal is transmitted 
to the controller, and the controller reverses the motor in 
response to the signal. 

[0017] The rack can have a plurality of openings formed 
therein. The photo-sensor is operably aligned With the 
openings, and a signal is generated based upon a count of the 
openings moving past the photo-sensor. There can also be a 
position sWitch. The photo-sensor is operably aligned With 
the position sWitch to generate a position signal. The posi 
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tion signal is transmitted to the controller, and the controller 
resets the count in response to the position signal. There can 
be a controller operably connected to the motor, With the 
motor having variable speed, and the controller adjusting the 
speed based upon a desired cycle time for applying the 
positive or negative pressure to the breast. The controller can 
have a user interface. The desired cycle time can be inputted 
into the user interface, and the desired cycle time can be 
transmitted to the controller from the user interface. 

[0018] There can be a controller having a user interface 
and operably connected to the pressure source, With the 
controller adjusting the positive or negative pressure gener 
ated by the pressure source in response to a signal trans 
mitted from the user interface. There can also be a controller 
having a user interface and operably connected to the 
pressure source. The controller adjusts a cycle time for 
applying the positive or negative pressure to the breast in 
response to a signal transmitted to the controller from the 
user interface. There can be a controller that generates a 
Wave signal in response to an amount of pressure and a cycle 
time betWeen the positive and negative pressure, and con 
trols the motor in response to the Wave signal. There can be 
a user interface. A desired Wave signal is inputted into the 
user interface, the desired Wave signal is transmitted to the 
controller from the user interface, and the controller adjusts 
the Wave signal to correspond to the desired Wave signal. 

[0019] The cylinder can be in ?uid communication With a 
pressure relief valve. The pressure relief valve can be 
adjustable. The pressure source can have a housing With a 
storage compartment formed therein. The ?exible tubing 
preferably is removably stored in the storage compartment. 
The housing can have an air outlet With a ?rst end and a 
second end. The ?rst end is in ?uid communication With the 
pressure source and the second end is disposed in the storage 
compartment. 

[0020] There can be a t-connector having an inlet, a ?rst 
outlet, a second outlet and a plug. The inlet is in ?uid 
communication With the ?rst and second outlets, and the 
plug is selectively sealingly engageable With the ?rst outlet 
or the second outlet. The t-connector can have an outer 
surface and the plug is tethered to the outer surface. The 
controller can have a user interface, a desired level of the 
positive or negative pressure can be inputted into the user 
interface, and the controller can adjust the positive or 
negative pressure in response to a signal transmitted from 
the user interface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] Other and further objects, advantages and features 
of the present invention Will be understood by reference to 
the folloWing: 

[0022] FIG. 1 is a front perspective vieW of a breast pump 
of the breast pump system of the present invention; 

[0023] FIG. 2 is a front perspective vieW of the breast 
pump of FIG. 1 in an opened position; 

[0024] FIG. 3 is an exploded perspective vieW of the 
breast pump of FIG. 1; 

[0025] FIG. 4 is a top vieW of the breast pump of FIG. 1 
Without the cover; 
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[0026] FIG. 5 is an exploded perspective vieW of a piston 
and cylinder of the present invention; 

[0027] FIG. 6 is an exploded side vieW of a portion of the 
piston and cylinder of FIG. 5; 

[0028] 
FIG. 5; 

[0029] FIG. 8 is an exploded perspective vieW of an 
alternative embodiment of the piston of the present inven 
tion; 
[0030] FIG. 9 is an exploded perspective vieW of a 
pressure relief valve of the system of FIG. 1; 

[0031] FIG. 10 is a cross-sectional plan vieW of the 
cylinder of FIG. 5; 

[0032] FIG. 11 is a front perspective vieW of a breast cup 
of the present invention; 

[0033] FIG. 12 is a side cross-sectional vieW of the breast 
cup of FIG. 11; 

[0034] FIG. 13 is a rear perspective vieW of a t-connector 
of the present invention; and 

[0035] FIG. 14 is a ?oW chart depicting a method for 
pumping a breast according to the system of FIGS. 1 and 
11. 

FIG. 7 is a front perspective vieW of the piston of 

DESCRIPTION OF THE INVENTION 

[0036] Referring to the draWings and, in particular, FIGS. 
1 and 2, there is shoWn a preferred embodiment of the breast 
pump of the present invention generally represented by 
reference numeral 100. Breast pump 100, along With breast 
cup 400 shoWn in FIG. 11, form the major components of 
the breast pump system of the present invention. Breast 
pump 100 has a top housing 102 and a bottom housing 103 
that are adapted to form an assembled unit. 

[0037] Referring to FIGS. 1 through 3, top housing 102 
has a substantially ellipsoidal shape With a ?at front face 200 
and a storage compartment 210 having a compartment door 
104. Preferably, door 104 is hingedly connected to top 
housing 102 to form a selectively sealable storage compart 
ment 210 for storing air tubing or conduit 350 that connects 
breast pump 100 to the other components of the system, 
Which Will be discussed later in greater detail. 

[0038] Face 200 can receive a button pad 105 having an 
LED cover 106. Pad 105 is used by the consumer to control 
breast pump 100. Bottom housing 103 can securely house 
the various components of the breast pump, Which include 
a rack gear 109, a pinion gear 110 that can engage the rack 
gear, a piston 112, a cylinder 113 that can receive the piston, 
and a motor 125 having a shaft 126 upon Which the pinion 
gear is mounted. Due to this design, breast pump 100 
provides pumping With loW noise. Breast pump 100 can be 
made of any rigid material, such as, for example, plastic. 

[0039] Referring to FIGS. 3 through 7, breast pump 100 
utiliZes piston 112 and cylinder 113 to create both a positive 
pressure and a negative pressure for obtaining breast milk. 
Piston 112 is driven by rack gear 109, Which is affixed 
thereto. Piston 112 has a substantially cylindrical-shape With 
a ?rst head 3000 and a second head 3100. First and second 
heads 3000, 3100 preferably have annular channels 3020, 
3120 formed therein, respectively. Channels 3020, 3120 are 
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disposed along the outer circumference of ?rst and second 
heads 3000, 3100, respectively. Preferably, channels 3020, 
3120 are centrally located along the outer circumference of 
?rst head 3000 and second head 3100. Seated in channels 
3020, 3120 are sealing members 3050, 3150, respectively. 
Preferably, sealing members 3050, 3150 are o-ring gaskets. 
Sealing members 3050, 3150 have a diameter or Width that 
is larger than the depth or height of channel 3020 and 
channel 3120. Sealing members 3050, 3150 eXtend beyond 
the outer circumference of ?rst head 3000 and second head 
3100 forming a sealing engagement With an inner surface 
1130 of cylinder 113 as piston 112 is driven back and forth 
in the cylinder. 

[0040] The use of multiple sealing members, i.e., o-ring 
gasket 3050 and o-ring gasket 3150 on piston 112, provide 
a double sealing to increase the ef?ciency of creating the 
positive pressure and negative pressure. While this embodi 
ment uses tWo sealing members to create tWo separate 
sealing surfaces, any number of sealing members can be 
used to create any number of sealing surfaces for sealing 
piston 112 With cylinder 113. Additionally, While this 
embodiment uses piston 112 having o-ring sealing gaskets 
3050, 3150, alternative sealing structures can be used 
betWeen the piston and cylinder 113. 

[0041] Rack gear 109 has teeth 1090 that engage With 
pinion gear 110 having teeth 1100. Pinion gear 110 is 
operatively connected to motor 125, preferably via shaft 
126. When motor 125 is activated, shaft 126 and pinion gear 
110 rotate. Teeth 1090 on rack 109 and teeth 1100 on pinion 
110 mesh and translate the reciprocal rotational motion of 
motor 125 and shaft 126 into a reciprocal longitudinal 
motion along a single aXis in both directions. 

[0042] Preferably, rack gear 109 has a ?rst end 1095 that 
engages With a recess 3200 formed in piston 112. Recess 
3200 is preferably centrally located in piston 112. First end 
1095 of rack gear 109 preferably has a snap ?t or friction ?t 
engagement With recess 3200 of piston 112. Preferably, there 
are detent structures 1096, 3296 formed on ?rst end 1095 
and recess 3200, respectively. This facilitates production of 
these components and also provides for any slight pivotal 
movement that may be required of piston 112 With respect 
to rack gear 109. 

[0043] An alternative embodiment of a piston is shoWn in 
FIG. 8 and generally represented by reference numeral 
8112. Piston 8112 has a substantially V-shape With a leading 
edge 8120 and a trailing edge 8121. Leading edge 8120 and 
trailing edge 8121 sealingly engage an inner surface 1130 of 
cylinder 113 as piston 8112 is driven back and forth in the 
cylinder. The use of multiple edges, i.e., leading edge 8120 
and folloWing edge 8121, on piston 8112 that sealingly 
engage inner surface 1130 of cylinder 113, provide a double 
sealing to increase the ef?ciency of creating the positive 
pressure and negative pressure. 

[0044] Referring to FIGS. 3 through 7, motor 125 is 
preferably variable speed. This alloWs a user to control and 
vary the cycle time of the pumping of the breast. Breast 
pump 100 further has a motor cover 107 and a bearing 108 
to reduce vibration and to secure motor 125 to bottom 
housing 103. 

[0045] The positive and negative pressures can be varied 
by changing the displacement of air volume in cylinder 113. 
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In this embodiment, this is done by use of a photoelectric or 
photo-sensor system. The photo-sensor system has tWo or 
more photo-sensors 121 and a position sWitch 124. The 
photo-sensors 121 count the number of openings 50 on rack 
gear 109, as the rack gear moves back and forth. Thus, a user 
can control the distance that rack gear 109 travels and 
correspondingly control the air volume displacement in 
cylinder 113. 

[0046] To ensure that piston 112 is properly moving to the 
front of cylinder 113, the photo-sensor system further 
includes position sWitch 124, preferably located at the front 
of the cylinder, Which acts as a starter for the counter. 
Alternatively, the position sWitch can be an opening 50 
having a different siZe or shape that is detectable by photo 
sensor 121. 

[0047] Rack gear 109 can also have a safety mechanism 
attached thereto. Photo-sensor 121 Will be reading openings 
50 as rack gear 109 moves backWards. If for some reason 

rack gear 109 misses its target and moves too far, the safety 
Will trigger the position sWitch. When the position sWitch is 
triggered While rack gear 109 is moving backWards, the 
softWare can trigger the system to move forWard again and 
return to the position position. 

[0048] Breast pump 100 has a guide cover 111 positioned 
over rack gear 109. Guide cover 111 provides added stability 
to the breast pump by guiding and vibration dampening the 
reciprocal movement of rack gear 109. Guide cover 111 also 
provides accuracy to the photo-sensor system by reducing 
the risk of misalignment of photo-sensors 121 and openings 
50. 

[0049] The photo-sensor system and motor 125 are pref 
erably connected to a PC or circuit board 120. Thus, the 
distance piston 112 travels, Which translates to the amount of 
positive and negative pressure, and the piston speed, Which 
translates to the cycle time, are electronically controlled. 

[0050] Referring to FIGS. 3 through 9, cylinder 113 has 
a supply tube 116 that is secured to a supply connector 115 
for supplying the positive and negative pressure to breast 
cup 400. Preferably, supply connector has an outlet 215 
disposed in storage compartment 210. Air tubing 350 can be 
secured to outlet 215 and also secured to breast cup 400. 
Storage compartment 210 can be opened or closed during 
the pumping operation. Cylinder 113 is in ?uid communi 
cation With a pressure relief valve 2000 (shoWn in FIG. 9) 
that is preferably set at about 1.5 in. Hg. 

[0051] Pressure relief valve 2000 has an intake 2010 and 
an eXhaust 2050. Intake 2010 is in ?uid communication With 
cylinder 113 and exhaust 2050 is in ?uid communication 
With breast cup 400, by tubing 350. Pressure relief valve 
2000 has a relief eXhaust 2100 that is in ?uid communication 
With intake 2010 and eXhaust 2050. Relief eXhaust 2100 is 
substantially tubular and is secured to a relief assembly 
2200. 

[0052] Relief assembly 2200 has a ?eXible insert 2210, a 
biasing member 2220 and a retaining member 2230. Flex 
ible insert 2210 sealing engages With the inner surface of 
relief eXhaust 2100 to prevent air from exiting through the 
relief eXhaust. Insert 2210 has a securing member 2215 that 
mates With biasing member 2200. In this embodiment, 
securing member 2215 is a cross-shaped structure that is 
received in the inner volume of biasing member 2200. 
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Preferably, biasing member 2200 is a spring. More prefer 
ably, biasing member 2200 is a coil spring. Retaining 
member 2230 is a cap-like structure having opposing retain 
ing arms 2235 that engage With a corresponding pair of 
engaging protrusions 2105 positioned on the outer surface of 
relief exhaust 2100. Insert 2210 and spring 2220 are held in 
the inner volume of relief exhaust 2100 by cap 2230. 

[0053] Spring 2220 has a biasing strength or resistance 
that is equal to the relief pressure of relief pressure valve 
2000. When a positive pressure exceeds the relief pressure, 
Which in this embodiment is preferably set at about 1.5 in. 
Hg, the force created on the inner surface of insert 2210 
overcomes the biasing force of spring 2220 and the insert 
moves toWard cap 2230 and outside of the inner volume of 
relief exhaust 2100. Air exits pressure relief valve 2000 
through relief exhaust 2100 until the positive pressure in the 
pressure relief valve decreases beloW the biasing strength of 
spring 2220, at Which time insert 2210 moves back in the 
inner volume of the relief exhaust, sealingly engaging the 
inner surfaces of the relief exhaust. 

[0054] Alternatively, the pressure relief valve can be made 
adjustable so that the “massage strength”, i.e., the amount of 
positive pressure on the user’s breast, can be controlled. 
Circuit board 120, shoWn in FIG. 3, alloWs a user to 
program several levels of speed and several levels of suc 
tion. 

[0055] In this embodiment, the speed (cycle time) ranges 
from about 45 cycles/minute (cpm) to about 75 cpm. The 
present invention provides for pre-set programming of a 
number of speed levels Within the speed range. Preferably, 
the number of levels can be from about tWo to about eight 
levels. More preferably, the user can program ?ve levels of 
speeds Within the speed range. The present invention also 
envisions programming of the speed levels by the user. 

[0056] The suction range for use With a single breast cup 
400 is from about 3 in. Hg to about 9 in. Hg, and from about 
3 in. Hg to about 6 in. Hg for tWo breast cups. The present 
invention provides for pre-set programming of a number of 
suction levels Within the suction range. Preferably, the 
number of levels can be from about tWo to about eight levels. 
More preferably, the user can program ?ve levels of suction 
Within the suction range. The present invention also envi 
sions programming of the suction levels by the user. 

[0057] Computer softWare can also be used to control the 
amount of positive and negative pressure. This alloWs the 
amounts of positive and negative pressure to be personaliZed 
for the user and also varied over the duration of the pumping 
process to maximiZe ef?ciency. 

[0058] Breast pump 100 is preferably controlled by a 
softWare-driven circuit board 120, along With a gear motor 
125, a rack and pinion set 109, 110, and a piston system 112, 
113. The softWare and system are designed to provide 
maximum ?exibility and to facilitate changing of the pres 
sure curve or “Wave.” This is feasible because the softWare 
controls the speed of motor 120 and the distance that piston 
112 Will travel in cylinder 113. The distance piston 112 
travels relates to the pressure levels. By controlling speed 
and pressure levels With softWare, the pressure curve or 
“Wave” can be controlled. 

[0059] Once a determination is made that there is a 
speci?c “Wave” or pressure curve that is similar to the 
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sucking of an infant or most comfortable to the mother, then 
the desired Wave can be obtained by changing the timing 
(motor speed and piston distance). Through use of softWare, 
a user has the ability to apply memory to a particular 
pressure curve and the variation of that pressure curve over 
time so as to maximiZe the comfort for the user. 

[0060] In this embodiment, a sine Wave is used for the 
control of breast pump 100. This is based on the assumption 
that the most comfortable pressure curve Would be one that 
increases and decreases in pressure gradually, similar to a 
sine Wave, Without sharp pressure peaks and valleys pro 
viding a pinching feeling on the user. The back and forth 
motion of piston 112 approximates the desired sine Wave. 
HoWever, to avoid sharp pressure peaks, the timing of piston 
112 is sloWed doWn at these peaks, and the pressure is held 
constant for a duration of time at the maximum and mini 
mum suction points on the Wave. This results in a pressure 
curve having a steady sine Wave that is more comfortable to 
the user. 

[0061] Alternative Waves can also be used for the pressure 
curve if such a Wave is determined to be desired by the 
mother. For example, if a mother prefers a “saW tooth” 
pressure curve With sharp peaks, the timing of piston 112 can 
be changed to simply cycle back and forth, minimiZing the 
pause When piston 112 changes direction. Also, for example, 
if a mother prefers a “square curve”, the timing of piston 112 
can be changed to hold the piston position When the piston 
is ready to change direction, and then quickly ramp doWn 
and hold its position again before it ramps back up. This Will 
create a “square curve” Wave. 

[0062] Use of softWare control provides for numerous 
choices of Waves or pressure curves. This further alloWs the 
?exibility to change or offer greater choice With one breast 
pump 100. In contrast, contemporary pumps have the draW 
back of not alloWing the ?exibility of changing pressure 
curve Waves. 

[0063] Cylinder 113 has a pressure differential hole 75. 
Preferably, pressure differential hole 75 is located along 
bottom face 80 of cylinder 113. Pressure differential hole 75 
is substantially smaller than exhaust hole 1013 and supply 
tube 116 through Which the air ?oWs for generating the 
positive and negative pressure. Pressure differential hole 75 
provides a variance in the amount of positive pressure as 
compared to the amount of negative pressure. Pressure 
differential hole 75 is effective for the higher ranges of 
vacuum to provide the “lost” air at the end of the vacuum 
stroke. On the positive pressure stroke, a small amount of air 
Will be released through pressure differential hole 75 but the 
air Will be reintroduced during the negative pressure stroke 
When the level of pressure is higher. 

[0064] Referring to FIG. 10, cylinder 113 is formed as a 
Zero-draft cylinder. The outer diameter of piston 112 creates 
a seal With the inner diameter d of cylinder 113 to move the 
volume of air inside the cylinder, creating vacuum and 
pressure on the breast. Breast pump 100 requires a cylinder 
113 that has a consistent inner diameter d through the entire 
length of the cylinder to create an appropriate seal While 
minimiZing interference or resistance to piston 112. Typical 
injection molded parts require a draft angle that Would create 
a non-uniform inner diameter d of cylinder 113. 

[0065] Cylinder 113 is preferably molded as a Zero-draft 
cylinder that provides a uniform inner diameter d and more 
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preferably, molded in a single piece. As shown in FIG. 10, 
cylinder 113 is a one piece, plastic injection molded part. A 
tWo-part cylinder or a machined-cylinder have drawbacks 
Which the single piece, Zero draft cylinder 133 overcomes. 
The tWo-part cylinder requires an extruded tube attached to 
an end cap, With the tWo parts joined using a Weld or using 
an adhesive. The machined part is typically a metal tube. 
One of the advantages to the Zero-draft, one-piece cylinder 
113 is that it is injection moldable. 

[0066] Referring to FIGS. 3 through 10, button pad 105 
is the user interface or control mechanism for breast pump 
100. Button pad 105 has a pair of positive and negative keys 
for increasing or decreasing the level of suction and speed. 
Pad 105 further includes an on/off sWitch. 

[0067] Due to the reciprocal back and forth motion of 
piston 112 in cylinder 113, breast pump 100 supplies both a 
positive pressure and a negative pressure to a Woman’s 
breast through a single hose or tubing 350. While this 
embodiment uses a piston/cylinder mechanism to create 
positive and negative pressure, alternative pressure sources 
can also be used. Such alternative embodiments include a 
belloWs mechanism that Would require feWer parts. 

[0068] Referring to FIGS. 11 and 12, breast cup 400 of 
the present invention is shoWn. An example of breast cup 
400 is disclosed in the co-pending and commonly oWned 
US. Application entitled “Breast Cup” Which has been ?led 
evenly hereWith, and the disclosure of Which is incorporated 
herein by reference. Breast cup 400 has a housing 500 
having an air ori?ce 560, a ?exible insert 600, and a holder 
700. Housing 500 is a rigid structure and ?exible insert 600 
is a ?exible structure. Housing 500 is adapted for sealing 
engagement With insert 600 to form a displacement volume 
510 betWeen the housing and the insert. Air ori?ce 560 is in 
?uid communication With displacement volume 510. 

[0069] Breast pump 100 is placed in ?uid communication 
With breast cup 400 via air tubing 350 that is connected to 
air ori?ce 560 and in ?uid communication With cylinder 113. 
Breast pump supplies both a positive and negative pressure 
to breast cup 400. The positive and negative pressure created 
by breast pump 100 causes air to ?oW through air ori?ce 560 
into and out of displacement volume 510. The positive and 
negative pressure supplied to breast cup 400 causes ?exible 
insert 600 and, in particular, displacement volume 510 to 
expand and contract to apply reciprocating positive and 
negative forces on the user’s breast. 

[0070] Breast pump 100 and breast cup 400 are able to 
apply both a positive and a negative pressure to a user’s 
breast through a single air tubing 350, Which is connected to 
air ori?ce 560. 

[0071] The volume disposed in displacement volume 510 
is preferably betWeen 22 to 52 cubic centimeters, and more 
preferably betWeen 32 to 42 cubic centimeters. The expand 
able and contractible displacement volume 510 provides an 
upper limit to the amount of negative pressure that can be 
applied to a user’s breast, Which can further serve as a safety 
feature in use of breast pump 100. Additionally, the sealing 
engagement of insert 600 and housing 500 provides a barrier 
betWeen the user’s breast and breast pump 100 to prevent 
any breast milk from entering air tubing 350 or the breast 
pump. 

[0072] While the preferred embodiment of the breast 
pump system uses breast cup 400 having a displacement 
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volume 510 in ?uid isolation from the user’s breast, alter 
native breast cups can also be used With breast pump 100. 
The unique features of the breast pump system of the present 
invention can be used With other types of breast cups, such 
as, for example, the control system of the present invention 
or the rack and pinion driving mechanism. 

[0073] Referring to FIG. 13, t-connector 300 is a trian 
gular shaped valve that alloWs a user to utiliZe either a single 
breast cup 400 or tWo breast cups through use of a ?rst 
ori?ce 310 and a second ori?ce 320. Breast pump 100 is 
connected to t-connector 300 through air tubing 350 at inlet 
330. The single split valve con?guration of t-connector 300 
minimiZes the amount of tubing 350 necessary for double 
pumping. T-connector 300 has a plug 340 for closing off 
either of ?rst or second ori?ces 310, 320 if single pumping 
is desired. Preferably, plug 340 is tethered to an outer surface 
of t-connector 300 to facilitate engagement With ?rst or 
second ori?ces 310, 320. 

[0074] Referring to FIG. 14, a method of expressing 
breast milk according to the breast pump system of the 
present invention, is shoWn. The user commences the breast 
pumping operation by turning breast pump 100“on,” as in 
step 800. This causes poWer to be supplied to breast pump 
100 (step 810). The user then inputs the cycle time and 
suction level that is desired, as in step 820. In the preferred 
embodiment, the user has ?ve cycle times and suction levels 
from Which to choose. The cycle time and suction level is 
inputted by use of button pad 105. 

[0075] In step 830, PC board 120 sets the motor speed and 
target piston travel distance according to the user’s inputted 
levels for cycle time and suction. The cycle time and suction 
level are then displayed to the user, as in step 840. In this 
embodiment, the cycle time and suction level are indicated 
by lights 225 With the number of illuminated lights corre 
sponding to the level. In step 850, motor 125 is actuated 
causing piston 112 to move toWard bottom 175 of cylinder 
113. This creates a positive pressure that is supplied to breast 
cup 400 by air tubing 350. 

[0076] In step 855, the PC Board monitors the home 
sWitch to determine Whether it has been triggered by contact 
With piston 112. In step 860, it is determined Whether the 
home sWitch has been triggered. If the home sWitch has been 
triggered then it is reset as in step 870. In step 880, motor 
125 is then reversed causing piston 112 to move toWard top 
180 of cylinder 113. This creates a negative pressure that is 
supplied to breast cup 400 by air tubing 350. One of the 
advantages of the breast pump system of the present inven 
tion is that is supplies both a positive pressure and a negative 
pressure through the same air tubing 350. This reduces 
cleaning and simpli?es the operation for a user. 

[0077] To provide the proper amount of suction as input 
ted by the user, photo-sensors 121 count the number of rack 
openings 50, as in step 890. In step 900, PC board 120 
determines if the number of rack openings 50 that have been 
counted is the equivalent of the target piston travel distance 
as inputted by the user. In step 910, it is determined Whether 
breast pump 100 is still “on.” If breast pump 100 has been 
shut off then the pumping operation ends, as in step 915. 

[0078] In step 920, it is determined Whether the user has 
inputted a neW cycle time or suction level. If a neW cycle 
time or suction level has been inputted, then PC Board 120 
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sets the motor speed and target piston travel distance accord 
ing to the user’s inputted levels for cycle time and suction, 
reverting back to step 830 and repeating the above described 
steps. If the user has not inputted a neW cycle time or suction 
level then the motor is again reversed causing piston 112 to 
move toWard bottom 175 of cylinder 113. This creates a 
positive pressure that is supplied to breast cup 400 by air 
tubing 350. The process continues With breast pump 100 
supplying positive pressure and then negative pressure to 
breast cup 400 until the breast pump is shut off (step 910). 

[0079] The breast pump system of the present invention 
includes a number of components and can be used in remote 
locations, such as When a user is traveling. The various 
components can be disposed Within a bag system for ease of 
use. An example of such a bag system, as Well as the 
components of such a system, is disclosed in the co-pending 
and commonly oWned U.S. Application entitled “Bag Sys 
tem” Which has been ?led evenly hereWith, and the disclo 
sure of Which is incorporated herein by reference. 

[0080] The present invention having been thus described 
With particular reference to the preferred forms thereof, it 
Will be obvious that various changes and modi?cations may 
be made therein Without departing from the spirit and scope 
of the present invention as de?ned in the appended claims. 

What is claimed is: 
1. A breast pump system for expressing breast milk from 

a breast, the system comprising: 

a pressure source for generating a positive pressure and a 
negative pressure; and 

a breast cup being in ?uid communication With said 
pressure source, Wherein said breast cup applies said 
positive pressure and said negative pressure to said 
breast. 

2. The system of claim 1, further comprising a channel, 
Wherein said breast cup has an air ori?ce, Wherein said 
channel is connected to said air ori?ce and said pressure 
source, and Wherein said pressure source supplies recipro 
cating air ?oW through said channel betWeen said breast cup 
and said pressure source. 

3. The system of claim 2, Wherein said channel is ?exible 
tubing. 

4. The system of claim 2, Wherein said pressure source is 
a piston movably disposed in a cylinder. 

5. The system of claim 4, further comprising a motor, a 
rack having ?rst teeth and a gear having second teeth, 
Wherein said rack is connected to said piston, said gear is 
operably connected to said motor, and said ?rst teeth engage 
With said second teeth to reciprocally move said piston in 
said cylinder. 

6. The system of claim 4, Wherein said piston has a sealing 
member disposed betWeen said piston and said cylinder. 

7. The system of claim 6, Wherein said sealing member is 
an o-ring disposed on said piston. 

8. The system of claim 6, Wherein said piston has a 
substantially cylindrical shape With a circumferential Wall, 
and said sealing member is a plurality of gaskets disposed on 
said circumferential Wall. 

9. The system of claim 6, Wherein said piston has a 
substantially cylindrical shape With a circumferential Wall 
having a circumferential channel formed therein, and 
Wherein said sealing member is at least partially disposed in 
said channel. 
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10. The system of claim 4, Wherein said piston has a 
v-shaped cross section With a leading edge and a trailing 
edge, and Wherein said leading edge and said trailing edge 
form a sealing engagement With said cylinder. 

11. The system of claim 5, Wherein said piston is ?exibly 
secured to said rack. 

12. The system of claim 11, Wherein said piston has a 
recess and said rack has a ?rst end With an abutment formed 
therein, and Wherein said abutment is ?exibly secured in said 
recess. 

13. The system of claim 12, Wherein said recess and said 
?rst end have detent structures. 

14. The system of claim 5, Wherein said cylinder has a ?rst 
diameter and an air hole, Wherein said air hole has a second 
diameter and is in ?uid communication With said atmo 
sphere, and Wherein said ?rst diameter is signi?cantly larger 
than said second diameter. 

15. The system of claim 5, further comprising a controller 
operably connected to said motor, Wherein said motor is 
reversible and said controller reverses said motor based 
upon a positive or negative pressure limit. 

16. The system of claim 5, further comprising a controller 
operably connected to said motor, Wherein said motor is a 
reversible motor, Wherein said controller determines a dis 
tance that said piston has traveled relative to said cylinder, 
and Wherein said controller reverses said motor based upon 
said distance. 

17. The system of claim 16, further comprising a photo 
sensor that generates a signal in response to said distance, 
Wherein said signal is transmitted to said controller, and 
Wherein said controller reverses said motor in response to 
said signal. 

18. The system of claim 17, Wherein said rack has a 
plurality of openings formed therein, Wherein said photo 
sensor is operably aligned With said openings, and Wherein 
said signal is generated based upon a count of said openings 
moving past said photo-sensor. 

19. The system of claim 18, further comprising a position 
sWitch, Wherein said photo-sensor is operably aligned With 
said position sWitch to generate a position signal, Wherein 
said position signal is transmitted to said controller, and 
Wherein said controller resets said count in response to said 
position signal. 

20. The system of claim 5, further comprising a controller 
operably connected to said motor, Wherein said motor has 
variable speed, and said controller adjusts said speed based 
upon a desired cycle time for applying said positive or 
negative pressure to said breast. 

21. The system of claim 20, Wherein said controller has a 
user interface, said desired cycle time is inputted into said 
user interface, and said desired cycle time is transmitted to 
said controller from said user interface. 

22. The system of claim 1, further comprising a controller 
having a user interface and operably connected to said 
pressure source, Wherein said controller adjusts the positive 
or negative pressure generated by the pressure source in 
response to a signal transmitted from said user interface. 

23. The system of claim 1, further comprising a controller 
having a user interface and operably connected to said 
pressure source, Wherein said controller adjusts a cycle time 
for applying said positive or negative pressure to said breast 
in response to a signal transmitted to said controller from 
said user interface. 






