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More specifically, the Gen-1 design operates by applying force generated by a
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Perhaps more importantly, the additional breast cup restraining features make
the pump more difficult to assemble with the breast cup properly seated within the pump
housing. Inevitably, a certain number of users are unable to assemble the pump
correctly. Unfortunately, the pump looks and sounds like it is working properly even
when the breast cup is not seated properly, and the user can find it difficult to detect that

the breast cup is not seated properly. This gives some users who experience this
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resilient bellows structure that partially collapses the volume of the vacuum chamber
during the inward stroke and recovers the volume of the vacuum chamber during the
outward stroke. The pump mechanism, which includes a cam drive system that
translates rotary electric motor power into reciprocating linear action of an actuator arm
that drives the bellows structure, applies force to the bellows structure during the inward
pump stroke causing a reduction in the volume of the vacuum chamber and during the

outward pump stroke causing an expansion of the volume of the vacuum chamber. The
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross sectional side view of a hand-free breast pump held in its
operative position between the breast of a nursing woman and the cup of a bra worn by
the woman while the pump is actively pumping breast milk into a collection bag
supported by the breast pump and bra.



FIG 1 is a cross sectional side view of a hand-free
breast punp held in its operative position between the
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FIG. 10 is a first perspective view of the internal configuration of the breast pump.

FIG. 11 is a second perspective view of the internal configuration of the breast
pump.

FIG. 12 is an assembled perspective view of the drive train of the breast pump.

FIG. 13 is a first exploded perspective view of the drive train of the breast pump.

FIG. 14 is a second exploded perspective view of the drive train of the breast
pump.

Fig. 15 is an end view of the breast cup.

Fig. 16 is a bottom view of the breast cup.

FIG. 17 is a perspective view of the breast cup with the flange top in the outward
position.

FIG. 18 is a perspective view of the breast cup with the flange top in the inward

position.



Fig. 15 is an end view of the breast cup. Fig. 16 is a
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DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

The present invention may be embodied in a hands-free breast pump with a
balanced push-pull mechanical actuator and cam drive system that applies pumping
force to a bellows structure of a breast interface cup during inward and outward pump
strokes. As the Gen-1 design applied no motor force to the bellows structure on the
outward pump stroke, configuring the Gen-2 pump to apply any amount of motor force
to the bellows structure during both the inward (push) and outward (pull) strokes
achieves some level of balance in the drive system and therefore improves the balance
over the Gen-1 design. Significant attention has been paid to this design feature in the
Gen-2 pump, which achieves a relatively high level of balance, for example where the
force applied by the pump during the inward stroke is within eighty percent (80%) of the
force applied during the outward stroke. In the particular embodiment shown in the
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below ﬁ]@cbrﬁheTQQJﬁe)gNeh@faV@rSha(p@ﬂé‘(p“@bD[ epen stawstHakinserts into the neck
of the milk collection bag allows a simple snap connection to the breast pump housing,

while also serving as a splint to keep an open path in the neck of the milk collection bag
for the milk to travel under the taut band of the user's bra and into the retention area of
the milk collection bag.

The Gen-2 pump mechanism includes a rotary electric motor that moves an

actuator arm through a reciprocating linear motion. The actuator arm interfaces with a



the stem and neck of the collection bag pass between
the user's chest and the bottom edge of the bra, and
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In addMﬁhn eabﬁ‘&& 'c%umbgarbé%rc)édao} %%nﬂ@% 3%‘1‘1{ SfterndlHower source,

ous n celrve reast cup
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Sorrml assiere. |t shoul CE ? appreci a
power tSHBP'Y HE @bt %Y)erd?q’Q)’@”terraqoﬁ‘f'SH[ﬁ B %ﬁac%oc%veaﬂona' AC
power BBidtal |y operated drive mechanism In addition, the
battery could be replaced by a connector to an
Batamced| ogryation s uheemoturcancsiraa @alectwhldalregxultagin motor force

appllecg %Ctg%g.ﬁrﬁ)c%mo(ﬁ%r P rceg%auch Lﬁw%cté”%grgkgg during the
normalPlis&d mode? répreeBrens ikepampfévement of the Gen 2 design over the Gen-1
design. In fact, the Gen-2 pump achieves a high level of balance in the motor and drive
train operation, resulting in a substantially similar amount of motor force applied to the
vacuum chamber during the inward and the outward strokes. This highly balanced
motor and drive train operation reduces the maximum force required from the motor and
drive train, which allows the Gen-2 pump to use a lower-RPM motor and a lower gear
ratio while achieving higher pump cycling rates, lower power consumption, and longer
battery life.



power outlet. Bal anced operation of the notor and
drive train, which results in notor force applied to
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he "br east Cup area near th | ows structure.
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evenly distribute the pressure between the breast cup
the nippig) tyrine! phataare SqfﬁP@nHVéh'GB tprkss §igiceepeigh 40 sataimés shape (i.e.,
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essure di Stﬁﬁl butian all ows | ess conp '
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breastoq}{gsretqnﬁgpe hesr dO?'Ha'nﬂl e frPEﬁﬁt'PPoHSt RB b?'%tgé‘f RRghanisms
retalnldd”fh% B@%SFHWWHFWH%PU% s d(% HiRel tSB‘érPF%ﬁ cated to be proximate
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to the beklmMse strupthuee atibe Mremfearcmfebnelayt chp dket mebe tlne ghadge top or

end of @gqo %ggeéﬁgﬁ%{ ﬁé%ﬁptﬂfﬂrzﬁg %ﬁﬁﬁ?{' foﬁ%a?é@%ﬂdglﬁrﬁiﬁ U%Ligwﬁrd stroke that
tends {008 thedpredsheubi @test its seat in the housing. Locating the breast cup
support features adjacent to the bellows structure also helps to provides shape retention
assistance in that area of the breast cup.

The barb shaped breast cup retention rib on the rear flange perimeter also allows
easy insertion by the user while offering good retention in the housing while in use.
Side barbs on the outer walls of the nipple tunnel function as detent mechanisms that
provide tactile and audible feedback letting user know when breast cup has been fully
inserted into the pump housing. The rounded shape of the ends of these barbs



vacuum appl i ed by the punp nmechani smw thout a
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WO ea08nsiosh features, including the retention rPEI/ESH08/062422
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he mlk collection bag. In addition, a |ofted "dam

W|thoubfspﬁgnaéru3@|r interverttinned The breast cup mold includes slots that allow
sufficient silicon to flow into the disc retention area of the breast cup to create a strong
connecting layer of material holding the disc in place to produce a durable breast cup.
The one-way valve has a larger opening that allows milk to flow more freely and
evacuate the nipple tunnel of the breast cup more efficiently.

In the Gen-2 pump, an electro-mechanical movement replaces the electronically

controlled drive of the Gen-1 design, yet still allows for adjustment of both vacuum level
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between the outlet and the front of the nipple tunnel
where the breast cup interfaces with the user's breast

W@ 00R1187i6m8 ze t he chance that m |k could flow beCkUSNS/062422
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can be contro careful [y designing the sh
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lock th?@ﬁéﬂ%l&t lfgb%ﬁqur Jﬁ}ﬁgﬂg r@gle%éﬁlﬁ&hﬁggb%eépgwﬁn However,

when teetihkar magian of alté actlat@varnt panéksRpposew byahditshbftzf tke vacuum
smal | er nunber of |arger, nore robust and qU| eter
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spring that is preloaded to effectively
also produces the benefit of allowing the motor and gear train to continue to cycle
without becoming jammed in the event that the motion of the actuator arm is impeded,
for example when the actuator arm is blocked by an external object or manually held in
place.

Turning now to the figures, in which like element numerals refer to like elements
throughout the several figures, a particular embodiment of the Gen-2 breast pump is

shown in the figures and described in the accompanying text. The Gen-2 breast pump
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faces thevrnarlsuriagaradshe b)rmen aud ¥4 asdizdinmenthous$ing H® tGahrereives the

oreast B1iE Y8, WBE Rlgf Ay 28t thendSah&rRetls ﬂﬁﬁ%ﬁr%@% Rupate inoludes
a nlppFehﬁJrﬁwlé‘FGcﬁétSfdﬂnst acmﬁjmycrfa”n%@rt bg witiveeRalheGBreakt RiMPand the
design and significantly inproves upon performance,

womaresibeeast, wRieh isnwaotescthueugh AN topeaing erePutiali24 thyougfhéhe bottom of

the brodih SRET 1R pller s 1B BRI o8 W MRIBHIE By, 0., the

removdidie cover pldte @B0siEReM irh &IGi QB) @@|aII@thheru§e¢rfaIS’®% the posmon and
| argely unchanged fromthe Gen-1 design, whereas the

conditiey 9F 3h¢ migplenaéieh A regsd mmsmmgk@@egé@ﬁts operative position
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npr ovenent s. s secti o
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. osition bet t he bre 2 of a nursing worman and .
nipple §nG BEMPTIG HECHFAS BRI Rish 1o AT kTR AR Sva RBess of mik
Ietdowﬁ’%ﬁk \‘Iéwaﬁ{d NI?bbé iRYSRigH) breast milk fromthe wonan's
reast. The east punp 10 includes a done-shaped
@uneg i LNV Al }sﬁokhatthefanmptmecmmsm ahohac dest in Hegs. 12-14)

pusheHE 3} et Ir N AR PR a4 %4 B B REREHER crambe
(also chled#ie fidngd 6p)oedkliseCa Beldws RElUEERE (shown best in Figs. 9A-B, 17
and 18) located at or near the end of the vacuum chamber to partially collapse (move
inward) and thereby reduce the volume of the vacuum chamber to create positive
pressure within the vacuum chamber. During its outward stroke, the pump mechanism
pulls on the barb attached to the disk at the top of the vacuum chamber causing the
bellows structure to recover its original shape (move outward) to restore the original
volume of the vacuum chamber, thereby increasing the volume of the vacuum chamber

to create negative pressure within the vacuum chamber. A one-way valve 20 vents the
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a nipple tunnel that fornms a vacuum chanber 22 between
the breast cup and the woman's breast, which is vented
WO k0osagle7ean openi ng or outlet 24 through the bRPCT/UN00$/062422

the breast cup. The outer housing 16 can include a
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that allonw@-tm;/um e cantrainidhet tycla trate QBIhérlperrmm&)@imlrateua@Justment is

wpically AeePini&Ees By s i i dbE srttE v %oe BuBiEalor foy example
through & rebngivereaggeldiiBed Or aﬁoﬂ@géiﬂﬁhwalodes The vacuum adjustment

knob 32 allows the user to adjust the strength of the vacuum or suction generated by
the pump. Vacuum adjustment is typically accomplished by adjusting the stroke length
of the pump actuator arm, in this embodiment through an eccentric cam surface on a
shaft connected to the vacuum adjustment knob 32. The eccentric cam of the vacuum
adjustment mechanism selectively blocks and thereby adjusts the stroke length of the

pump actuator arm.
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a sliding power control switch 30 and a vacuum contr ol
knob 32. In this particul ar enbodi nent, the power

weomwsngle7swi t ch 30, which affects the cycling PEE/ESWHS/062422
the punp, includes three settings, fast, slow and off.
The vacuum control knob 32 may be turned through a
rotation range that is slightly less than a full

t dj th m | I dj ust i th ,
bt if PokesPERteh vickf of T pBast s ofbt &5 brddpgmiennwin the
actuatc¥SeiTa4 &l thabasadt een®r FASbreasicul1 Siddluddiea hI’Iraﬂgéttop 36 at the
cup 18 installed in its operative position. FIG

end of g nieplegenneh4b thadinalfidesan ipveasiolgedrgiski havingan ka’c@@bed barb 38

that en@%ﬁg% &m%g@y%ﬁsﬁ t\é@ﬁgﬁe%@%ﬁ]ﬁh%%% P?p??rﬁﬁ@r 2|W' thghactuator arm

34, Fl@l srmm thbltﬁegmmj wmnthlthélbadlsssaertdygg@l mlse et opening 40.
switch, the cycle rate adjustment nechani sm ma

The bawb.@&m@ deteat @@@nlﬂgmreﬁorﬁh@are%w frat éhe ba ?@C‘MGK’ engages
with théﬁi‘éparﬁ% ﬁg‘ \ﬂﬁém tr‘fje% ﬁ eddt cUH't%rlec%R/%'dt\{v%HWé BF (%és‘?:ﬁutmeo and the

e user contr e CycC
barb rei:éasdaaefrmnme dé,tenhteopemag avimxrstheebﬂast&upwplremdvyed from the breast
Ilshed adj vol t age appli d to the .
oump. i BRRsE Pob ABAIEh RS PBTS sirictare BB, whEsIi6 shawn in FIG. 5

in its oGtwdrd sﬁlbnvﬁrfjeagérdvﬁ%ﬂud?@redl@%eﬁso Eh@\gj %an l’t'l'"r@fbutward position in

ad) us nt kn ows the user to adjust
Figs. 65t8r &gtl®, of7 ahe 1\9acDunngrtheunwarﬂws@;ek@oéﬁrw pbynp hechanism, the

actuatd g P GUSHRE 3b¥ oo it 7BLP fRdniahp FReliphs diigh fgauses the

bellows atra&tluse aphe deaBM tHeVAus: GitheceeDt @éﬂﬁéﬁmﬁn@@%wﬂhe nipple
a shaft connected to the vacuum adg] ust ment knob 3

tunnel and thewhyt ereate: pasiHYe toresskae wikiradi st/aﬁ@um ¢hﬁmfa¢r sthe bellows
I t Vi | r
structu eeﬁgﬁ%'swwﬁ .Pt@%hﬁ%@?@ ?[go:n @rﬁﬁg Haaﬁ)t. Bhﬁng the outward
stroke, [tRe Spadtor armvi3ampdfs thef|digeansb wbadwurms litgrout@ard position, which
engagenent with the actuator arm 34 of the breast
CaUSGSpJBﬁJ etRwsppleutre i ingreasel Uf’@eyoblmff aﬂ’ﬁg‘@et ¥@CcWHM gghamber and

thereb%\@/geraffé‘ﬂ Btl\?e pfe%gk?e bHBR&on \?tlﬁ Ha[h @aﬁﬁb?r The resiliency

aving an a tache
of the Ieelgmﬂastrmtum 42kegistd theoinwiazd ratitop amlaassistsehethe outward stroke,
uat or ar

th 6 th
aicing G 3 8aied BPSR0RT NS BHE oB LR Fsermorle. Wik & breast cup
producg‘gﬁ%&%rﬁothemﬁmﬁ‘g Bor® aNthedRARIMAI r‘é@ﬁ%@h@ﬁ o‘f"Qh@rb%llﬁws structure

figured suc t the barb securely engages wt
largelyt dftsedie thea inwarehiange Wevacuhen bresded viihin itke roseastvep, resulting in

bal thﬁ] t he bre st punp, and the barb rel eases fromthe
alancg i plérBBrﬂH’?éa n the beast cup is renoved fromthe

heasdcupimehatiber renstbredst 8p 318505 fd?ﬁié@d@? theh@ppleinnel 46
~structure 42, which is shown in FIG
having side walls that are sufficiently thick to prevent the 3|de walls from collapsing from
the high vacuum generated during the reciprocal action of the bellows structure 42.
That is, the nipple tunnel 46 is sufficiently rigid to support the reciprocal action of the
bellows structure 42 without further support from a support ring or other structure within
the pump housing. This is a significant improvement over the Gen-1 breast cup design,

which requires a separate support ring for additional support.
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inits outward position. The bellows structure 42 is

al so shown in the outward position in Figs. 6, 8, 9A
w@aesayeand 19. During the inward stroke of theCPUSI08/062422

mechani sm the actuator arm 34 pushes the flange top

36 to its inward position, which causes the bell ows

structure 42 to reduce the voI ume of the vacuum

anber forne the nj ppl n an ere reate
Teeast BhECE Ao, MEkAeRr A dubt. Shatieh pist oS Scbiion a8,
which %Péaa@s tRé I et &ohiadtSseifad drd the Asurifled@OsdrpRitsive force
Figs. 9B, 18 and 20. Durlgg the outward stroke, the

(pressuarei oxe0R signfisanthularger pertipn angbe thypasgicanchbkeasitoopi t She breast

cup alst%ulh%@rggéga%:bg%gﬂgné‘% ﬁgé‘%?,ﬁuﬂ% Jé@%ﬂ%ﬁ%tﬂ%g%%ﬁ%&g rs%ction form

an air-figre'seywith &ieé «oneges bieagpr SpseHdEn@ousthet br@ast/\dzér’ﬂaﬁt drtace area
vacuum chanber. The resiliency of the be

1o
reducestthg asstoilfy of asdesised ﬁ@Str'ﬁU\%ﬁ' &f @’ﬁ'lkoﬂ@Néiw K’S@Q@pgesisr‘pn of milk
ducts Mfﬁ? %\"éaY&r Ot R E ﬁ%? 4819 el MHIH%EWH hBBEM gt\}v?ﬁ‘ a catch rib
0 e punp. 1N nor use rode, Wit

breas
53 locateddiosiang thiacendnof tthe exiéniear eafl cn‘fcteeorﬁlppleetumteturmbmmate to the

resiliency of the he ructure |l a of f se )
bellow§ RRUPHEBAR. £ d Ba G et Ats, Batea an dhe PHeobvahef the nipple

tunnel 4Rk &S #Hde”go dﬁ?o@@lea{'gl%euééi Wite t&@@ﬁleo%?fd?dlé qgedlﬁ]hz indicating

vacuum chanber the breast cup 1 formed
that theibsphst Gummeﬂullyfﬁnskﬁitﬂdwgwtcslthi@ heaking. t Oae datent tab 52a is shown in

f f Ly thi . h d
Fig. 5 34 |2k arie 19 SRISTdaR SIS o Geremsad side gt mipple tunnel
46. Bote el eabs 524 hAA 52b dreesHpRlr iAVSIGY. rucind ¢642. That

IS, the nipple tunnel 46 is sufficiently rigid to

Elpp6ns atprrspeeliver wew ol ieast cupd8peaveng the mipplartannel 46,

breast %RW?EQ %&E{Jﬂ:@q Jt{tﬁyﬁgr?ié %%%?Oa &Sﬁ@pﬁg BLI.I{#t% iﬁaé[ receives the

one- Wﬁ‘ Bilvéi CAGL 8iisTr sidervesw obvies bidwest Gep-18. bFe(asngy@ cut-away side
gn, which requires a separate support ring f ,
view Ofat(ﬂ‘ﬁl bma&bwrs UQ%PW'%@% angs topup Irsthe ywiand pgg@gna FIG. 9B is

asmﬂér“ﬁ@ﬁ) ﬁc?ﬁﬂﬁd[hertﬁ?ﬁ%toﬁﬁagyvﬂﬂ? RERLA tc%‘}:ﬁsﬁ"*ﬁ‘tﬁé‘lnwa position.

reads breas sur ace a associ at e
During dbemwarsi pemp atiode( freeastuat)r avoreof theshbrgast pompt pyshes the flange

top 36 i3 e Uil GgSItioG S B G (4 g e9o88n shean in FIG.
9B, whﬁ&‘g@Féé@é%Wb%ﬂﬂv%gﬁeééﬂr@rlﬁ@i@@ tﬁ@CJdCQUm ERAMbLEF fcﬁr‘rﬂe‘ bQWﬁe breast

seal wt man' s breast. pr ead I ng out t br east
cup andaheatter'sireaste Bugag rteel iesra sicoksodbe tmnlerwyy oBlve located in the

desired restriction of m kflow c I essi
outlet # Vts e poSEVP pienar walh Spels BB du BT Eohdfepuon the
outlet. WD M@ tHABURHFE dLOHS iIshakai tha @ctgéidﬂhrfri & e threest pdmp pulls the
toward the end of the exterior wall of the nipple
flange tamBeIfrogn dhe fvardiresitian shown in FIG. 9B to the outward position shown
in FIG. 9A, which creates negative pressure (suction) inside the vacuum chamber.
During the outward stroke, the one-way valve located in the outlet 24 seals the outlet,
which causes the negative pressure (suction) to be sustained within the vacuum
chamber to create a milking action promoting the expression of milk from the user's
breast. As noted previously, the bellows structure 42 resiliently resists the inward stroke

and assists the outward stroke such that, when the breast cup is operating in its normal
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bel l ows structure 42. A pair of detent tabs |ocated on

the exterior wall of the nipple tunnel "click into
w@k@sa37er® provi de the user with tangi bl e, audpP@l/ES2008/062422

feedback indicating that the breast cup is fully

inserted into the housing. One detent tab 52a is shown

in Fig. 5 and an opposi ng det ent tab is located on the

moco G285 ZHE a9h SREERBCL b ek s RBedEh R ang expoing
milk th'réug"n REE SRAkRt I wepted By He tohe- \Dé)e%‘lvéléjﬂrlﬂié @IGOW\AWdtQR)ke the
amount pg%ge tunnel 46, breéast interface section 48, outer

ee appliedsby thepumpenechanism2a the dange tep 364s swlestantially the

vi ew of the breast cup
same @E%gﬁﬁélﬁ@%&@@)ﬁﬂﬁ%@ﬁ%gﬁ% Few of the breast cup
ERGShogvang therd pargectapvidtisi df thbent@mmarodm'gmtbhmf the breast
FIG_9B is a simlar view showi ng the breast cup

pump 9.t Hhege Miewn§aoWohe3suten hoHaINDR rtaem@yvetnaywtchmmtmj knob 30,
and th&'\?aduﬁtﬁfa%éti’#ﬁénftkfn%esgt|§8a3tg8t6+?ttﬂ§ é&&é‘ﬂ. foF Q‘?e BUSAST On the

she I'ange from
mtenormfsthelrmusmm\the |bme§é.t(burﬁ¢\|rtcbucﬂdseeaipump dnwmntsmmosﬂ)mmed by a

9B, \NhIC creates posit e inside t .
power SRuisia B2 nErN CrhaRUaony ot eder Ak halicry aite PHER,GGENgnism 50
mclude'%Ir g2#to éorD‘!M' Bt HePh\FB"’@tFéjnssﬁob\ﬁcH e OBSWRYmYAE Wearly in the

l'ocated in the outlet 24 vent's posi tive pressure,
assemhhdotnew@éll@ iR landf therexphaddsh vaws of ipGShri8uaytd 14e The drive train

56, whifh rGhsials hEdataly BalioTRaf 12 PRt $218 tedigoaing fyfhr motion of

the acfuBorl MAI3a, n@sgdpp@neamwa h@tcﬁt ﬁraté%%ot thatt e Mdlcnaddo the pump
posi tion shown in FI G creates negative

housing hyss DuBbes 6F shoety abswbmg’ bwlmmrﬂmm@mm@umhﬁgnotor plate

60 surifyscifieridof AR} Tl 307 e (8F BB pBgapfig i slie

channdd$ esssloe 68 urid B0)fot eedsviagsthai cxad folldwen 7Rhany aetudor arm 34,
chanber to create a m |l king action pronoting the
respectyqly es'EhQ)rﬁnQ)tPr 9 Arivesom I@'ﬂ@nug%@r 80pwhicdt engagefofedive gear 82

supportgc% ?Hé Ifl?;st gf A7 < ‘glpb[‘t"%%ﬁlt‘ﬁt gglgégsar F%hél'aﬁ(?ﬁ Wg}égr 84 supported

resi e and e ou

by the $ecoke geac lsuppatt, 64vhetmich lemglageast campges 8 aupporegd iby the third
its gérrml node cyclically creating and sustai ni ng

gear suppars during the outward stroke and expel ling nilk

ﬁ'Hé PHHOf ffe Ut lg%tar 86 HoRthi é/atd%\?n ?rﬁ@k )Y SH?«W% ‘FHPGSn94 and 25)

the 1nward stro the anmount of force appli
that engagps meQalnrﬁolmwerqolnrQQ on dreyeamoipll@eei 24abanslate aotayy motion of

sanme duri the vvard out strokes.
the carpy gas? 1 e THolgPeobBESAnTP T ol SR RUSH d2-poages the
actuatctQithi S4bgtwANoPs cbh%phhﬁ@&t Wit Ris U ffici 8RB eriyitavsLupPem the force
t he outer housing ower switch control kno
requiregoto drive the actuator arm when the actuator arm is unconstrained. The cam
follower 72 includes a boss 73 that interfaces with the spring 94, which is captured
within a spring channel 95 (shown in FIG. 14) of the actuator arm 34. The coil spring 94
compresses to allow the cam follower 72 to move through its range of motion when
movement of the actuator arm 34 is constrained. In particular, movement of the
actuator arm 34 may be selectively constrained by the cam shaft 96 (shown in FIG. 13)

driven by the vacuum adjustment knob 32, which controls the stroke of the actuator
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and the vacuum adj ust nent knob 32 | ocated on the
exterior of the punp. On the interior of the housing,

w0 b@shs®wast punp i ncl udes a punp nmechani sm 50 PORERAS/062422
by a power source 52, in this enbodinment a single AA
battery. The punp nechani sm 50 includes a notor 54 and
a drive traln 56, which are shown nore clearly in the

am. - Eigarem Snall 4% anceesPry® ot SUALe Ik E1 PANEbradiple fla

contaci berfaisebtvamingoadils digivEiotthedderiter b?ﬂ‘leoéamaéHaﬂg that blocks a
linear notion of the actuator arm 34, is supported b

variablg aftawit obthe svambie favelofdhe actusior am B4 gsuile asusmMadjustment

er of shock absorbing bushings for noise
knob3?é% tﬁﬂgp The notor plate 60 supports the notor and

|rnad1¢ud@rs @ pESVIGiHGRALLSM %uﬁﬂwémcblééembﬁﬂ@f t\rvretdmnsdprmhg 94 in the
channels or slots 68 and for receivin

drive tri kG EIWaRY tae AOHIAHr AhBSANG GoRar foaer Thhallows the cam
foIIowe'fnP(S BBn%%@fdg%%garaca}'er{hgﬂ@‘%ﬁfuﬁ%at%* %t%ﬂ%ﬁs\mﬁe% $he actuator

ear rst gear su
arm 34/\!s| roanealtyalgesked bymltra&rl abrstigetion Sibr sxppple Mebytherm:tuator arm
ond ear support 6

4 ich e es. a cam
s jam@gg i PEd SR ahwraoaéafﬂa%pﬁgagc% Sping 94 thergfore provides
stress [d1RY f@meg& 537 GAPHN A0, SuATLRARSIS ek rheg by bocking
ower I N

t hat engages a camfo
the actuatar @amm f’ﬂms isnebengficial desigs featera tislaarayoidstpocbentcﬁl dtamage to the
am ar|nh r notion of th am f o I
pump 8 ARt R Al Rn ey Ruchcatarafitanta BSendg Syer-current
condltlé'n ¢it! corid icAdsd dveMiiztiRgict tﬁé'fnﬁd)t@k eélﬁhp!m@'cg'tﬁetg‘éars breaking of
upport the force reqwred to drive the actuator arm

the geamrpﬂqﬁfé aendiagdr bieaklng mrﬁb@mtpapm anchgo erth. The coil spring

94 ma{ %|so§f£$ E%%%Eﬁﬂqumﬁqﬁht? Pt e%a@;r? ﬁﬁ%t%fe}gﬁﬁ%gaﬁ rbenerate for

examplhanze mBamush omit o 250Gmrril4&g olvhicheprawidéat arberighicad. safeguard
The coil spring 94 conpresses to allow the cam
against gyarsiassing the rﬁ%t\fﬂ@rﬁlbf%%ﬁjﬁulﬂf‘g W\@@péﬁat'ﬁﬁt i on when

ﬁ@‘r’qfé‘*.%tar%nahﬁe\ﬁf&r%ﬁégﬁ? L@)t 1 Bsanﬁolallﬁ;t r@ |Qeéjbo!{)6‘m view of the

ticular, novenent 0 ator
breast s:abesdtowwmg yhe belowalistredtuny 42hehe ampmea:ﬁmnegme( She\Mneast interface

dr ven b vac um ad nob
section i cHic et HHG0% RLed BBoKE B T natis bBGby the Ate).24 dbh receives
the onéahtv ﬁé fRGB G636, bfid (RELBHS BBC 160N 7TBY [S88bakile view of
iple’flat contact surfaces of varying radius
the breast alup) 18 with theeflangea wp 36 andebamla&ahahe)oumand dsiids dhis view
bl e am tof he.avail abl e tr.

. th .
also shiis Bt AT & 2T S AR hETiEn B bifet24. Fic. 181s 2
perspet@Natigd of the breast cup 18 with the flange top 36 in the inward position. FIG.

19 is a perspective view of the breast pump 10 with the breast cup 18 installed showing
the actuator arm 34 and flange top 36 in the outward position. FIG. 20 is a perspective
view of the breast pump 10 with the breast cup 18 installed showing the actuator arm 34
and flange top 36 in the inward position.

FIG. 21 is a perspective view of the breast pump 10 with the valve 20, stem 26
and collection bag 28 assembled in their operative positions. The collection bag
includes an elongated neck 27 that receives the stem 26. The stem as received within
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In addition to providi ng vacuum adj ust nent, pl acenent
of the coil spring 94 in the drive train |inkage
wWheirsasm78 he actuator arm 34 and the cam f ol | ORET/USD08/062422

allows the camfollower to continue to reciprocate

through its full path of notion even when the actuator

arm 34 is manual |y bl ocked by anot her obstruction, for

X en the actuator, ar med or hel d, down

the ned S Rp ol As AXIoh ot apsinhg T RuPBianssiie. where the
neck oPfHYESIRTiBA HRYSIs'@phfredtif dd Beiween tha @p%&tl@@b@'ﬁhe stem and

whi ch cannot_be manual |y jammed by bl ocki ng t
the puraptansiagurar rhheTenaosuse dicidmie ioipatorties iofthe @@maeatrﬁathe outlet

of the Iﬂé?%tdfuod? f@](/'o%{ﬁ ﬂeaagefg%% h?lht%&sg%rg@agﬂ @%F@@ﬁﬁ@ 214h§T the breast

cup to @v@boﬁwﬁ@rﬁorﬂ@m@w tth@eonémbncwg d AsadrRvroEF @ at Img fem 26 as
the notor, stripping of the gears breaki ng of t

recelvquemthlgdbg(ﬁlprggatggrnﬁcﬁgofdhe5:,0 arligiybag plaﬁéeﬁ@pyyeqﬂemeebottom of
the br?é(}g?r?%n{j%ﬁhusé%e chgs! SRH ﬂ%hgtfi "ﬁdntﬁ*n%? pgbﬁ"tléﬁlc?rcbsgch of the

maxi mum vacuum
coIIechgarimgai& su$pendaxhbplosv bind ssupportednpy |trme lbrasﬁs@‘so Timan Wgye shape
rovi des a penefi ci al

uard agaj nst. ov
acrossv\@@ é@é‘ PHE e MepsiRey Ofsthg rsigmy fé GE‘P‘H% ﬁﬂlk&ﬁé}eagr%worted along
the ext@h@r oﬂ?n §te"i‘r'i‘ gefind 8?9&(% siheehsraasicr %Uﬁn Jfﬁo%ﬂfm;é gtem and the

OttO vi ew of the breast cup ow n
neck o!béhe ccm;lesmombagrwmgaptur@ beppe@ ttlumdn@ntorre of ttlrn@ sagsist and the
ut er e .ar e

users i AR RREH IR 10 YabGl R Bhidind g of ya< miiCollection bag

below m@%r\A@er@J.thsut theaid lopRERAE BP oﬁfér saipgoft RRviResb T?rf’e collection bag
is a ers ective view of the breast cup 1

28 alsqmntchioleﬁesetalrrsm thai;ﬁwciaﬁarrbt@em@ %mm&ammamr portion of the

bag. TR seBhs POy BnbRY S diec e BT Ralfi K iEn o dbilrion bag

holdingo @fitkpRCldiy ®rviteveioé witte tis st 26/redfdvedt floihehd baggeThis milk
top 36 in the inward Eosition. FIG 19 is a ,
coIIectlg@rgﬁé@m, bas \rrevenftor be \fﬁr)éa%tccﬁéﬁfb” i thet Gepnle desigmstand has

therefof%‘Beéﬁ r% eg%llnetﬂeﬁ%’r‘/‘%% mé{?nglgtng gﬁeIWﬁfg@ﬁsenés.

pHs saéo!uarmtlvereperrsbet:m bicsa of tlpeu‘qneaﬁ pumnp thhevithr beesvalve 20,
som 2B, oo Bt Reso ARl K o i . 21 anc
22, neHGASREIS Lot B R 0 FEEIDRIPIAS it R rousi
16 is trapepa"ent/er reos vdcbissrevehkthedbp et the hrdasy clip dl&mnamterface with

k 27 that, rgceives the stem 26.
the acfRP G Jaa Vi RO TRIebR M1 PRI SSTPGUT, 0, BAGE US8r to view
the insfig BNEe b0 RNtHRPERINEF EAgAdEMBHNBeREErOHY SctudiRT&m and the
the neck of the collection bag is captured in place

breast seipvweben tthe aoypr piateiisrinsipllete Becausgniine silicon breast cup is also
substantially transparent, the user can observe the condition of the nipple and milk flow

through the cover plate or window 65, which may also be removable to provide physical
access to the area of engagement between the actuator arm and the breast cup. This
helps the user observe and adjust the interface between the barb 38 and the detent
opening 40 in the actuator arm 34, if necessary, to ensure that the actuator arm is
properly engaged with the breast cup. The inner housing 19 of the breast pump may
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t he punp encl osure. The enclosure holds the top

portion of the stem against the outlet of the breast
wa@emstiazeps ovi de a | eak-free m |k transfer pat hPET/OR0D81662422

outlet 24 of the breast cup to the contai ner portion

of the collection bag. As shown in FIG 1, the stem 26

as received within the eI ongat ed neck of the

includef By, SoQS TRl R EnESR 6T W adiath 86 4851 HoMRe heddS punpegnclosure

adjaceﬁlofd kN pBiveP @WitEhOAnd K}Qcﬁ@ﬂn' &ﬁtfd?ﬂ(r%@galloﬁmﬁg'&ﬁérlﬁ%‘# to view the
bel ow and supported by the brassier. The wave shape

interfacg-beteentertraastand thednipples¢hannst of the breast owp fpmakove to aid

 oror Sy ohe b SHSRRSKI 1 P 1 08Bt e s

pump @mmédnawgenﬂaﬁfufaétufré@frc)m befetrisparémgn@teﬁapt@pmakmze visibility
bet ween the bottom of the brassier and the user's

of the iptpssal @Lampucz@mﬂn%ntsf APEHLY aigh ins RIARSY Plageeney i dhadreast pump on
the bre%g{tl on of the mlk collection bag bel ow the brassier
hout the aid of hands or other support devices. The
el 2813 arpdrapge@Realisw ofre padiesi|as eamBodtent af tiex begast pump 10

dlsasseg;ggpdgrg'gygﬁgglg‘l i nt@??éqt:p? gcprl%gg%%ﬁqggéqcf %Eée{}%&r@;oaﬂ%ee accessories
of the ?%dgk gU%HﬂHChdggﬂ% bid&s Ebb 9@t it OH@QN%}M/QI'VBQZO“ thb dtém 26 and

nits si W|tht e stem 26 re fromt
the colleation ‘Dlags28ﬂ Tke coMpaaentmofstpstasivereain m@iu@mthe)rrtméow@a;e 60, the

pinion 5%5 ¢ H'CH E{%Wé:n fegh% gﬂ?@ﬁﬁwttqﬂ@% %Bgf eoér?vebsggr 82, the
translatlﬁrﬁ"g@)ﬁﬁﬁﬂnéﬁd tHd @m%dr%ﬁamﬁ@?éapgb%%&hé{ ‘?hd’[bleWa@é 60 may be
br east 10 with the va stem 26 and

cast lnctblel raatarigh ogé@e P®otas plislasdhen nﬂaﬁebe’ ippeitait suah as stainless steel

pins. - P8 cbingB8ar, BB iR top GarB KNy, 72 By AR EF RIS R Ellpwer pin 02

(showrhiBUEICEIS 18 drsi 114)‘aIWI1ﬂ6Il1 eilesdh theeve &Idto0 (eemﬂbn bheFiGH 24 and
the breast cup 18 and its interface with t

5). Ingbis ATBPOFEHCRE Crie I By A9 §Rds egverﬁgi yea ﬁte&e«fgﬁaﬂemhlch may
be ma@ﬁé‘%artﬁﬁﬁ( R@'5H rér@ﬁa;fé(g"\%{ H“TE'F” (%’rfaﬁ@ﬁleplé”ﬂabl material to

engage ween t e actuator arm an
prowdet besdii lebstatngpsutiace, ttbeedooe frigtioat eetiveenntbe addne dlot and the cam

the silicon breast | bst antj al |
fllowef P &paANS 1euTaR8NE ZAML e v EN§ R ANET 84 ipolled to the

actuatdgr'Sa’GH{ 84 W% ok thd @ I%Pﬁrﬁ’g@h e ﬁ@&&%&%cﬁe@i%e ' rdé@d\’ arm 34

al so | e to provide physica
for souzmdcwgsflmg) anbesesliog aft liguighgeataer cbetamueantsheTbetnwt)oplate 60 is

a nd_ t he br ast I _observe
mountGh B A ki RGBSt Y Busl 2dnT Triseialitiaand < ne

TRE eftjuRRmt REmBdnieRts BetRCHIsPEupliftidde thé vacuum control knob

necessarﬁ to ensure that the actuator armis
32, which drives the eccentric cam shaft 96. The cam shaft selectively blocks a portion
of the stroke of the actuator arm 34 to provide vacuum adjustment, while the coil spring
94 in the linkage between the actuator arm and the cam follower 72 allows the cam
follower to move through its full range of motion regardless of the whether a portion of
the stroke of the actuator arm is blocked by the cam shaft. A water-tight gasket 110
seals the interface between the vacuum control knob 32 and the housing of the breast

pump. The power control knob 30 operates a three-position power control switch 116,
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properly engaged with the breast cup. The inner
housi ng 19 of the breast punp nmayi ncl ude an additi onal
wWQ e@nspmrent wi ndow on the top of the breast pRERUS2008/062422
encl osure adj acent to the power switch and vacuum
control knob allow ng the user to viewthe interface
bet ween her breast and the nipple channel of the

., breast from above to aid pr cene
which & &85reddB RREINY By Srds 3P A B UG RE e 14, seals the
interfadd BéRlecRAURB (RNEr RDHErBI Kifdb BE arBntHE %Uﬁrn@doffthé’%‘ré’ast pump.
transparent material to maximze visibility of

The elerificy woppangnshehthe bieast eupinglude mecmgtor 54 the battery 52,

and tng VAEFCTE8 191 GFich EROhnBATY & APRaibEas s Baliprf e by of he

switch brwistTrmJ raatt bgy ds ssissteinhilye donhertiedgbM waly tdiea nggrivg-type battery
onents and accessories. The accessories of the

termlnqu attat 6'ufhﬁ1tﬁ3 I‘?Cﬁ@@@tt”héh%pé'w h@'{ﬁing@ndt a,éeajrmthtery terminal
21 thatvé"slﬂgg d Bg% ?hﬁgﬁﬁ P04nh s Gl fg&élg—ﬂ iR ﬁ&sﬂ_

ve trarninclu ot or

Eb'ﬁe ddmeqomemtsnmf dleabr&ist pumh e hoasirgcinelideothiehiandr |hv>asmg 19 that
the drive

receivay Hies PiRasFUpoRP. e Cats SHPAhRUBEdIOBE0 Thothgs daces the inner
surfaceP%?ttﬁ'e ‘Bfeéoéfiecit{ﬁépfheohéér% BRhdERey %ﬁdctﬁétregréb\fa%?e battery cover 23.

materi a motor plate or they may inserts,
The ouﬁerclrnowngﬂﬁi inClagles st rspnoyalts (artthéraoapargesrif aesmd)\myer plate or
, t mfol |l ower. 72 way, of. the camfollower. pin 92
wmdon gﬁ g |nner %guswg ﬁﬁwy&lsomﬁ:lgﬁe la]ata%gsqqget\gﬂﬁ mgigm atthe top of
the ho@dlrﬁ’é bara)v« floytLRM Eér%l kédbBa® owbﬂcbﬁ‘ﬂrél knob 30.

nbodi nent, the camfollower pin is covered by a
EICée% lqazfrorwwew angl/ Flsa %@afn%apmw@mew of the cam gear 86 of

the br%}%ﬁf;ﬁﬂﬂﬁtsﬁ% é)\r}hél‘:c[%ﬁw %cgk ?u’bn ‘?&r{‘% Sgi @@P@gd c‘tarotid shape to
produceetldemsfredqiumm obetaregncurbe. M@tbdtpréwdublly?tmmape of the cam

| oner pin and extend the life of the cam gear.
track %ne;arbmebmemwly. selesifsl da produee APt QREGHINGr fHRe Wth desired

characié@%étle% ihbBdhg % ?é’én‘é&gsaék rJBS 9960 % Segﬂbicélégﬁtﬂ& 26 is an

or arm34 Tor soun proo Ing an
illustrativegopdratingoturee t0hfana meast. pU’r’np with & dptyatycl® ®fi gpproximately

one-halloie (1GnS7 then ARt HE ADCUREHEE 308165 A D e LR Hh a duty
cycle déc%‘gg%ﬁmta@y Y@SHHP&!S‘:O%E% e‘f%l‘?rﬁq §ﬁrve"%03ha§| I Mfk-tfase ratio of

ntric camshaft 96. The aft selectively
approxb‘hai@k}sm p(HtSU@h tohe t=hg, stlease tiofe =he), adtareas thaopesating curve

vide vacu adj ust. ment e the.coil spring 94

102 has e S Sk B S EN L stPf o e T time - .
as indit@ledonethe Turbs OVRefbth L RFI®S | pueind 25 MPieesiidieodBthe operating

its full range of notion regardl ess of the whet her a
curve H¥), t10Zhispgontrolled by the shape of the cam track 90 and can be adjusted by
changing the shape of the cam track within the operating capability of the motor and
gear train. The dynamic properties of the gear train and the bellows structure of the
breast cup also affect the performance of the breast pump.

Referring to FIGS. 26 and 27 with further reference to the breast cup shown in
FIGS. 8, 9A-B and 15-18 and the shape of the cam track shown in FIGS. 24 and 25, the

performance of the breast pump is generally optimized by designing the breast cup with
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the stroke of the actuator armis bl ocked by the cam

shaft. A water-tight gasket 110 seals the interface
wheisasin7s he vacuum control knob 32 and t he hoR&I/Hg200$/062422

t he breast punp. The power control knob 30 operates a

three-position power control switch 116,which is

secured to the housing by screws 112. A water-tight

RN AR PRI A
cup 18Tr'éauﬁé§%1bbupﬂ1|e SAAP At PffolcBed iRk iflard @E‘rbk'@'%s during the

he notor 54, the battery 52, and the vvlrlng
outwar@| sitake €uring AR Qnargting sopditonst helpt o £A mtl'& yof negative

pressufl o ids Snafe SERUARsvAT )T B phyROERAUR IF clpbea) whie

only a %I‘Tﬁzﬂl lBuélsofi pastive prasisate |91re*dm&eattrmtr’rwmmam sm@tea(when the one-
af -type battery term nal that is supported by

l e
way va&\t%ﬁm) tgmalcnate thet %xnrﬂisr@ﬁ%ngbdh@ughnthﬁr@%wayuwa@ve and into
the collé?:‘ﬁoﬁ N ﬁ%f) rté?%é?{&%ﬁé s‘ﬂ%ﬂ SYoR! 5 Id%gqg&uf{?e3|sts the
S|ng receives

e br eas

mwardchj)mesdmpadsmm iar theoustivagd B6okb ats maclmslldv\meresuﬂmmly returns to its
rassier,

. .__surface he breast cup of the e
originaf REARG bl B8RPy IUrsaCiaH Beca SRrN e Juat HeE!Fed during
the de?S's‘t'r%‘Ré ghd 6 lfé‘éﬁé@g@ &Lgrg?b 2B SR8 trokke Gﬁ/%'nrt?nl;@yconflguratlon

cover plate or w T e I nner housing 19
the peddrsranaecoithe breastpspyr lergenﬂraldasompamlzteldewhenp th¢ belews structure
. hoysing, bel ow t he. vacuum contrpl knoh 32 and power ,
requireg b e ofis e SHoRg of Rretetinding HinBrEStope as curing
the outward s@@k@ﬂﬂﬁér%r»ﬁs@\&p@fraﬂﬁgec@@dmwrwﬁ@h crfasmtse.rbmﬁtum peak
np showi ng the cam track 90, whi has a rounded

pu
power gangitmptierhane atrglqéwemﬁf@adxh@urd@@tu nréﬂlepfgrrweom@tcm i ng

Blheon efRbchade Soiitkafin' Bondl ARRIZC,[SICHETBpRGE operate

acceptabllyy eakimd hhd@m@dg&ﬂlﬁmﬁlﬁlb@rmﬁi Besourncallotsnthereflghiceedo select
suck-rel ease ratio or duty cycle. FIG 26 is an

among; uhm@twla{olwee%@rwawgtefgrtoeobialo an eflicigntaump slasign that meets
the ba%ﬁ@s@n%ﬁ%ﬁn&lﬁf e BFea%PE RhE 'dlés 1%%&{%3%‘8 LG maximum

isYan 1Tlustratrve o ting cur or a reas
suctiorpclope b thut anod m grecthah e2 it rrappﬂgqmrrdatraxymtmmsmdtlandm the range of
curv has a su rel ease.ratio

210 to ;ggrrg%elﬁab%n pgcted t@,prgdu%ggcqqtﬂ@e_rewlts rép&geéatmg@roﬂle with
a duty'cy@e oW&%bﬁﬁﬁNémr&O@ ééhélael“e‘éjrfbebé% I@becausekthls profile is

suck-rel'ease ratio of approximately 2:1 (i.e. suc
generally pensisBNt wit thesmeasured=sygk red@asengiofite etiailivetrhuasing baby, and

operatip BB AT by, S 6 5 sl o Wt e expected to
producélieeptdbld F@det@m'ITHe%ﬁlkmE%h@D@ @@é‘ra&eaﬁ@bdlﬁt&ﬂcmes per second to

changi ng the shape of the camtrack wthin the
be roughlyr eansigjesiapbi a.rwsmg baty, @b eyeladgates in the range of 45 to 65

cycles are expected to produce acceptable results. Experience with the Gen-2 design
confirm that the embodiments described in this application meet these design criteria
and perform acceptably on live nursing adult women.

More specifically, these design objectives can be achieved using the breast cup
profile shown in FIGS. 8, 9A-B and 15-18 manufactured from 50 durometer silicon, the
shape of the cam track shown in FIGS. 25 and 26 producing a linear stroke of the
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gear train. The dynam c properties of the gear train

and the bellows structure of the breast cup al so
w@tdogas7ethe performance of the breast punp. RePEr/DB1998/062422

to FIGS. 26 and 27 with further reference to the

breast cup shown in FIGS. 8, 9A-B and 15-1 8 and the

shape of the camtrack shown in FIGS. 24 and 25, the

conva R g e hal 1R i e By = gl
1.5 VoRA MB&Reiyn thHethid pigiclifarichisimbat of R @t@abpgﬁmp, the motor may
structuré 42 of the breast cup 18 requires abou

be ratecirfer @nduvieltnDE canrg 00 rgm Ke.gi.nMekwichi ik 3@SH motor) The

operatlﬂgré&%%dtﬁethgﬁjbgﬁé%éoﬁjﬁ,ﬁfggB Hl%lo&%t%hegptgs@g @8 og and can be

further@@nﬁbnédadymjmémgqhbvwmleatvroq&ge tmideightthe range waybout 1.0 to 1.5

ve is closed) while only a snmall |evel of positive
Volts, B}re@we e trpagfuithediseh of H9e regigived vgtta@wlwlﬁre@rtwétage limiting
diodes hr\?%é’ﬁﬁﬁn %%Ldégrrqgﬁ’b\ggﬁ\%al %cgwtr;oxl %@ﬁ at‘%a‘?n Qel@fgia \ggly blocks

and th@ebyh&)rmtdlsenthmatrdke tdfiehsiddtuatar afmtlhethbedahgwsof about 6 to 8 mm.
ucture resjsts tggt i nward stroke and sists int

The Coﬁmgdn§h$ Skixe 4in REMREN Hies CBSPIPWRR ? e ap%@tqroarm should
be seléé{tﬁdsﬂ{ !Ilrglt'?ﬁé sﬁ@ﬁfﬁeth '&éﬁ Hesdei]\gkgjégﬂ))(” | ng HEub“ic?be no greater

easprlngt is c e i nward
than alut @€ mamdHdi schar ged dur| ng the outward stroke. G ven

is configuration,, the perfornmance,.of the breast
TBe coilng il o b oPwhBrehe e it ot 6flr & iRl sof
materid| €SUEH 88 aditPHlironhie s BFERh & i fH RcIMIENg e &K A@éﬁ&Nﬁlﬂrﬁ'FRQ 28, the
the i nward stroke as durlng the outward stroke under

mesh heiwean thesinien ggacandihe driks geai tieyralsube seplaced byraubelt drive if

furtner §BRS, RB0H PBUARLd, OFnah deal EhAhK, BESA A GE brthane,

or theyptinelyzajg Omaln&fetmﬁredeqwmed\l‘f’ml\@eoput?moth@rOl@artable material.
acceptably, taking the punping dynam cs into _account
Manuf%gtpm@thqqge@rﬁd [HBer selblubaraing miairalt flechhaaiN dgp® impregnated

with T?ﬁ%{)ﬂﬁ% @fés! ESug%%llbg ﬁtéggég%r %E}It éflélghgc;ét ?rﬁ’%ﬁ% Q)eﬁﬁ rHfhize chatter

in the cﬂrm@ptralm'has dhewgrin dig epplicadse figutasdand thageawrcambtsl machine cut,
t han

t but d i )
injectio BIcsH. of 'NHA pEGRS wthzarmﬁ%S@a@qﬁnﬂ%@eﬁgxtﬁ%?@@wg can be
made 6P RPIHSRAAPSEALER for Fubich AICARETAL 6O EhbRe oxhibiing

duty cycle of about t S 1S considere
acceptbleleddraingibbed bieicahikity, stmf’sa@LEMl\@l s generally

ﬁ;ﬁnsmten wi th sured ﬁuck re ase

§2 b Bl milebS TdftaHL I FHET B BrifiaBaliiBl sifnyps Eexane,

and th@g@h%u%ﬁbrﬁ pestanhadkfcdsp ab \Wartt dfi thé&nét@ﬂ?ﬁlté‘fo? they may be metal
expect to produce acceptable results

unp
lnsertssﬁ@m @Scﬁj@lﬁéﬁsé sieebpigigt bloe @y@h@@spﬁrthge@mmeﬁt points between
the motor plate and the housing can be made of rubber or a synthetic material such as

NEOPRENE® or any other material suitable for this purpose. It is important that the
motor plate be sufficiently rigid to prevent bending in a manner that constricts the slide
channels or slots where the cam follower and actuator arm slide, as this could result in
binding. To prevent binding, the slide channels may be reinforced with metal inserts,
such as stainless steel, to provide increased rigidity. The actuator arm and cam
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be roughly consistent wth a nursing baby, and cycle
rates in the range of 45 to 65 cycles are expected to

wee@dugwaaccept abl e results. Experience wth tPEr/Ge008062422
design confirmthat the enbodi ments described in this
application neet these design criteria and perform
acceptably on live nursi ng adult women. More

foIIoweﬁgﬁ%E?ﬁr@_té@@SMQﬁ gn%t ﬁ%mt]g Eﬁ@gafigl%%g%%\éﬁqubricating
materi@NGudR-ds NYBON asbregReidd Wﬁh5fFE¢1IJ_'ON®t @ 84d ideRtableNfor these
shape of the camtrack shown in FIGS. 25 and 26

CompOpe@f@ucThﬁgp@ ofithemans falloner oray be gasuas partafthe garisllower. The

cam fo |8\N§F pl gf’a&pti@é'o%tet%} %’A é?é $ y%oﬁ%ﬁh éﬂgt{g?) Lﬁté’féﬂ such as

staunle@sn‘etwl neMtheomalynise Br e@sdl ipsere, sudheaset @traurn@ys b&aeﬂ red The cam
for 2.4 Volts and7700rm (e.q.

foIIoweg@%m«?(ytcargy aﬂﬁevgd@agg,qﬁé\l%@dn@rfegmﬁgemlmTEEL@N® or similar

materlélutetcr%'cejgeg gn J?fPEQ@egerf"H’% E%I?ll fﬁgoﬁﬁe app | eﬁ?rélc?[ of the cam

gear deQngmalhmamQEOMemm 1.0 to 1.5 Vol ts for
the use of a resistive volt j vi der

| e throu
IS VEp sagess aAes bl RS SPovAG R SRRARS A8 104 for
the bre%%ﬂbhﬁ{éi tW‘léI@dé’s Bﬁ\?é 1DE36et\§/§b Ghé \btor-Bliosk ear and the
an repy Contro eStrOGOf t eaCtuator ar
main dtive geangéhebeliisbive f6rtln@ mlttmtedrhelseqnmdmﬁd lmygthmdm\reetraln

rive t zHan bet ween L amfol a}ﬂed ﬁnd t he ct uah id
ISP O e FRredoimgt ¢l e| ARPTECHRd d ttPr(ﬁ»?e{‘ QVEOIRN provides
sugmf.caﬁt ﬁﬁy@v@mwm bl@asl@rms cupsﬁdml@@enmwrs@barthhhm foregoing
about Hg The operatl ng noi se of punp can
relatestnlyriq thyaewﬂblylrsugmb@danereusaafutb@|pye%e5ﬂtm\mt@m and thaignimerous

change ofky” e HAEYgrel] S0P s Blrtd FeR K8 M andsopp of the

inventibmas diefiied $9ahe f@owihg eldd@sr epl aced by a belt drive if
further noise mtigation is desired. The other gears
may al so be 50 duroneter urethane, or they may be
manuf actured from NYLON(r) or another suitable
material. Manufacturing the gears froma self
| ubricating material, such as NYLON(r) i npregnated
with TEFLON(r) is also desirable. The gear teeth
shoul d be shaped to mnimze chatter in the drive
train, as shown in the applicable figures, and the
gears can be machine cut, injection nolded, or
manuf actured wi th anot her suitable process. The
housi ng can be nmade of any material suitable for
i njection nolding the desired shape exhibiting
acceptabl e strength and durability, such as LEXAN(r).

23



The notor plate may be manufactured froma simlar
material, such as LEXAN(r), and the gear support posts
worespsharecsmast as part of the notor plate or thepCHH§2008062422

metal inserts, such as stainless steel pins. The

bushi ngs at the attachnment points between the notor

pl ate and the housing can be nmade of rubber or a
synthetic material such z@_‘y RENE(r) or any ot her
material suitable for thi ose. IS inportant
that the notor plate be suffici ently rlgid to prevent
bending in a manner that constricts the slide channels
br sl Styeapigpwmp IFOMIUIRITRGI | ower and actuator arm

Bl g e 3 bt Sh@SN P forg BeBST o vement

throqu@h&hw&n&tﬁ@ﬁMﬁ st@k@fan@isaﬁbalwdrdmrﬁﬁ e@bke;t 0 provide
i ncreased 1 dit The actuator arm and canf ol | ower

AdyeRd QY igyred\ip lesnsrpP@itechRb e hodging 4hpagagement with the

f. ial -
pump B o AAbtidng hlinteHBbh SRRl gt dlo e Hn Bh-tight sea
with anf adiult hersen toepsimreotised Bgainst theoihtdérfececsautibal | ovver rray
cast as part of the camfollower. The camf

e
BWenbrﬁﬁﬁt BeP gBQéfF% rq35t 4regling\Avariikn chambsr san %LHP to reduce
in volurﬁ’i%t\ﬁlﬁér%@ suﬁ%ﬁ@ tﬂle‘?ﬁ\ﬁaﬁ §&p ok BYndRade in volume

|ns a stail ess st eel pIn. The cam
when e‘xolahdamdupng tln@putymrd;ptﬂnrslsufel«@ made of NYLON

' d.with TEFLON(r ial t.
EERSF S [T shmazeinel e Shuh 1Bh pREGUERS Brdrts i ypressed
from th@agfbggtot of the cam gear during normal operation of

the punp. FIG 28 shows an assenbl ed perspective view
gfong-waylvalvedndrative torvant tfl@naqiwmtqlﬁéﬁmeéé@ﬁ”@wﬁ’@e hikgto pass

troughy 3 8GR el el &R gmbp! K eReSRRRGRd i Pl pume

stroke 19 triegéd pdsithve pregsuasiugtaih the vataudr chvemberitine ohs-wdyevalve further
of theforegom it will be appreciated that present
Operatlyﬂ\l}@rrﬁq%lﬁgﬁ %Vﬁ@@émsqf’@ﬁntfqrd’&h‘ﬁn heprasikeireRI3MPAT isreganded

curng Ty PR RETEBIA 0 15k 99 Do
chamber, éserbyioneating @milkingladticat foncaesiog snidhianoe expregsee from the

made therein without departing fromthe spirit and
breast; e of the invention as defined by the follow ng

fhatdm ti%ghM% rhechamERaSdm BHE &%ﬁ%{n‘cé? '&ﬁhve% BRI 'cBﬁflgured to

supporting a punp mechani sm operativ or re I procal
apply fmmdnmwnprbssmvmuumwhammumpneg itk gveard mxmrmatrmm énd to

apply BB Ra0 g ARTER b Bl BHh g Ruiereo B A0S

2. The breast pump of claim 1, wherein the housing and breast cup are sized
and configured to be supported between the adult human breast and a breast cup of a
brassier while the breast pump is actively pumping milk from the breast and expelling
the milk through the outlet.
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punp nmechani sm conprising an interface section

configured to forman air-tight seal with an adult
woheosanssreast recei ved agai nst the interface sSPCL/US2008/062422

the breast cup and the breast creating a vacuum

chanber configured to reduce in volunme when conpressed

during the inmard punp stroke and to increase in

ﬁ'eub é%\?g?ln ?p%gp%gﬂ%rtpgﬁng vvard $@B§e&s cup ‘are sized

and coﬁﬁ@ﬂbb'tﬁ%e@mﬁﬁ)ﬁte@ dhkthexbesis edithb Gk Red Bf Basds oPother support
one-way val ve operative to vent the vacuum chanber to

deviceail | ow the milk to pass through the outlet when the
vacuum chanber is conpressed during the inward punp
stroke to create positive pressure within the vacuum

4haﬂb$he brégstpuenpal clafh \BG\Aﬂleréthhe Ppesiayiiy eohfijured to receive
seal ing the vacuum chanber when the vacuum chanber is

an e'“&&%?ﬁ@@d’ faueelieringesl ock 'W&’%&W%PH@I@@?@%‘?'%@E e
negative pressure within the vacuum chanber, thereby
creating a mlking action for causing mlKk to be
Expr e§hedbréaslrpmhpeobclaﬂst4 wdneteinfiee @basinhes panfigured to receive
co es. a bal anced drive system configured
an e'eqtréc BBWP§/ C@V&Ungdﬁ VR BIgFIECHICHoNEF e d*&‘?rPéﬁHPn“ﬂi‘@Ph@rﬂ}P
the inward punp stroke and to apply force to expand
t he vacuum chanber during the outward punp stroke. 2.
Bhe biTbadreasimunad otclainmil wheheindhe vabeumamisintiaeraodnprises a

resiliery pERus SRefkS et R Ss B Peioe AR DynE iR fichRism during
the .nwarr@%ﬁbﬁé anBids8istdrthefop@S hpMIiEdby theAdtimy @hdcHuHth rdﬁbrlng the
fromthe breast and expel ["ng the m |k throug

outwardhe outlet.3. A breast punp of claim2, wherein the
housi ng and breast cup are sized and conflgured to be
supported by the brassier without the aid of hands or

ot her Thgppeadt plevp okslaind 6, wheeeihtrasércpwppliod byltaé pup
wherein the housing is conflgured to receive an
mechagisat iy MY MFAOPEF3LIaNAUriY thedpyvatd alrels isi withiawighty gereant of the

force a%g%?ﬁ?ﬁgb@? mBchdEmPi th@"HgH\{vﬁ d Srkdn 4

using 1's confr'gured to recelve an
el ectric power cord for dellverlng el ectric pomer to

b, DY TESHa0 S 0 T LeBet TR O, SLEL T Arvouay

received within the outlet of the breast cup.

9. The breast pump of claim 1, wherein the breast cup is removably received
within the housing.

10.  The breast pump of claim 1, further comprising a motor and cam gear for
translating rotary motion of the motor to linear reciprocating motion of an actuator arm
that removably engages with the breast cup, pushes a bellows structure to compress
the vacuum chamber during the inward pump stroke and pulls the bellows structure to
expand the vacuum chamber during the outward pump stroke.
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resilient bellows structure that resists the force

applied by the punp nechanismduring the inward stroke
w@rsassrsts the force applied by the punp nmecPeriUS2008/062422

during the outward. 7. The breast punp of claim®6,

wherein the force applied by the punp nmechanismin

normal operation during the inward stroke is within

i, ght rcent of the force applied by.the punp ,

Feenain B &R RESal b 6T semPréinars BE Emaiustment
mechaﬁiém)oﬁéra@il/é'tcmsélaecmy‘b‘ldbktélﬁoﬂibﬁ didhe Wbt bfhe actuator arm to

renovably received within the outlet of the breast

adjust thepength aftibe yrwarsk anshieytwerd pummstiokeshioradjusttthe apreitof

Lcup i ey iye 1 L.l e housing. 10. The

negatl\%rggrgggu%u@egg{eg @?m%l\?/ac%ﬁ hﬁé&ggﬂprl sing a notor and
camgear for translating rotary notion of the notor to
| i near_ reci procating notion of an actuator armthat

1 2oV 4Be Preagj e af elaine Hd . Brhes commpising.a segng linkage in a drive
v B G4 O RIBAE BB DBEAE s

mechanisnutd sglectiveleklipghd pdréon af thermotiantod thel aciuatprtdren without
.outward punp stroke.11. The breast punp of claim 10,
blocking, jpiaqien %&ﬁ%ﬁﬁm @%fla vacuum adj ust ment nmechani sm
operative to selectively block a portion of the notion
of the actuator armto adjust the length of the inward
48d olihedoreagiyymns of diies 12owhejeis tthe hacaumowdjusifment mechanism

comprisrf]ﬁ gtlﬁiavgée §ﬁéfgEﬁgi%gfa(%ﬁ?gqreﬂtrﬁgg%ﬁ%g\é%ﬁ%fén@é&ﬁ/%e@bc%g a varying
amoun$ Bf ihedmbtidt agthd dctdaidr iav® if réspbrizet taashtibRef ¢REcE/PEhaft.
and the actuator armpermtting the vacuum adj ust nent

mechanismto selectively block a portion of the notion

th i u I ' t at | t

Paim ganf DY Ul ) el S ol G e BoliBhg e ciftasist Fsparent

window Eeilifatirapyie ainpea hippee lbaai ssey's Gned stSeferathedsreabiat treceived
. having an eccentric cam surface that selectively

aga'nsb‘IthR%rf@C@aﬁeﬂ'ﬂ@ ohtsuieast Céhe noti on of the act uator

armin response to rotation of the camshaft. 14 . The

breast punp of claim1, wherein the housing conprises

451 r ambpdoreadt punmul ofactaanc i1, furdtdarmg mprsmgng nailkncglielcBorotontainer
br elzesitév\,hen the breast is received agai nst

for collgpion ik eRRELECERR R RIFASRUPDr east cup.

16.  The breast pump of claim 15, wherein the milk collection container
comprises a milk collection bag comprising an elongated neck and a container portion in

fluid communication with the neck.

17.  The breast pump of claim 16, further comprising a milk conduit having a
coupling end in fluid communication with the outlet of the breast cup and a stem section
received within the elongated neck of the collection bag, wherein the brassier supports
the housing, the breast interface flange, the milk conduit, and the milk collection bag

without the aid of hands or other support devices.
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15. The breast punp of claim1, further conprising a

mlk collection container for collection mlk expelled
WO e@ails1ees br east cup. 16. The breast punp of cPEI/BHS288/062422

wherein the mlk collection container conprises a mlKk

col l ection bag conprising an el ongated neck and a

contai ner portion in fluid comuni cati on with the

7. Th br eas u of cl ai
s TE REeast A ShABLT T /napergh 2 Gl s aceived within the
elongafédihé’ckc@ﬂfﬁﬁ@oﬂééﬂd?ﬂbé(@ Idedriigueed toepady bét%ehra?ﬁﬁ\ﬁer@d@e of the
a stem section recei ved Wi thin the el ongat ed neck
brassnetsfarldﬁéedmdmfta Ferh¥RAringHeedIrassifie brassi er supports
t he housing, the breast interface flange, the mlKk
conduit, and the mlk collection bag without the aid

9. haTITfilé beeafitduenp sHpRIN t 80 anicesin tAS steﬁh%ebtrcﬁaﬁtth@wm conduit
of claim1l7, wherein the ml|k conduit received with

defines @ e@ﬂ@ﬁ@%ﬂ Gl(ﬂnfmﬁt%‘ 8nd gHareQy dEBengan b%iyj the leRY $%ﬁ§'|0€djef'nes
t he brassier and the
an opeb&%&%é@?eﬁ% ﬁ%ﬁ&{vﬁg&%{] g@snl er. 19. The breast
purrp of claim 18, V\,herel n the stemsection of the mlKk
ndu efi nes an ongat ed nensi on and a narro ,
ranEhe broatlPumisoLpIgi J8cIGHE BARE ARSLEHTPr ABIoTaLte milk
I
C°“ect'§¥‘%%a<?$nﬁ@2?°%‘ 31 8 58P0 SRRTIARIs 2l InE MR CBARI
comprises$ bee tor omoresgammpedlingstheifirsttarshse concaide padelsgagethsr within

pertof BN e ik SABBBTnt Y6 RuRap (B Rainea witni
the coﬁtQi@\@F b@i‘tlo\h' ﬂrchhﬂeﬂ%g tr%ugh@h@ @Tdir@'afh‘%:r n&& When t1eé n’m'RQ:oIIectlon
|l ection bag to prevent contained with

bag is md@wntmrlﬁ@ntqﬂmm tbe fursrstmﬁse@and @g:lq PRl y¥ithowé the mllk conduit
. t he mlk collection bag is laid
recelve?o\&\ﬁﬁﬁc;ﬁﬁg?gﬁ}%t%ﬂg%kt he first or second side panel

wi thout the mlk conduit received within the el ongated
neck.
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