10

15

20

WD 2008/ 057218 PCT/ US2007/ 022507 SELF RETURNI NG
CONTAM NATI ON BARRI ER FI ELD OF THE | NVENTI ON The

w@e@s®ent218 nvention rel ates generally to cont amP@EUSNT/022507

barriers for punps, 5 and nore particularly in one
aspect to a breastpunp assenbly including an inproved
barrier to prevent mlk fromentering and ossi bl

cont am nat SE@FaR&TﬁBRNQNGT@QN{HAMNgTIO%

BACKGROUND COF THE | NVENTI ON Br east punps are vveI'I
known, and generally conprise a hood or shield that
fits 10 over the breast, a vacuum punp connected to

t MeEDPPOF P F an intermttent vacuum (or

negative pressure in the breastshield, and a

recept Fhé %ré‘s@ﬂit iB¥EHtRBSIR htesNdenkral Va8 &ohtatniRAtRMSbHrBers Yor pumps,
pressure bel ow at nospheric pressure. The intermttent

S4B (PR B Pl BT PTG 52008 iy mprove

d mlk t II flows fromt hood, .t hr ough )
SBREER S  piierd ik dom enierg: a4 B0 rﬁﬁvctcperrmmatmgug pumping

cont ai ner, such as a baby bottle, for storage and
Imeelilanlﬁlmsﬁorthﬁ*br&é&tms can be manual ly or

electrically operated. Wth manually operated punps,

the punping action is done by reciprocating a piston
OBAGKGROVYNDOK THE INMENTEBONNg a flexible bulb, as

shown in Medela's U S. Publication No. 20

2004/ 0Bsgspompwatehwell keawi,catl Iggnespldy eeraprissumiped drisbield that fits
punpi ng action generated by a notor driven punp and

t ypirabd bicastpa wasagh bimprofhdetddodahe Bbodfdr dehérating Aintermittent
connects to the breastshield assenbly. In nost

| Dadu@Rc ? eﬁﬁle ﬁﬁ@s%?rléz @wfﬁﬂpghqu RbshielE R 8Le 'ta%l@for expressed

negat I'v ssu ction Hat negat Ive press

IJ lied to th t
R I IR ST —

a sr ngul ar fashl on, that is, wthout ani/) ki nd of
dPYCHiER @etiqreet the,¥aRIMTEPIETP 6e1Vesie Ryllean the breast and nipple and thereby

express milk. The expressed milk typically flows from the hood, through a conduit
structure and into a collection container, such as a baby bottle, for storage and later
use.

Breastpumps can be manually or electrically operated. With manually
operated pumps, the pumping action is done by reciprocating a piston or lever by
hand, or compressing a flexible bulb, as shown in Medela’s U.S. Publication No.
2004/0039330. With electrically operated pumps, the pumping action generated by a
motor driven pump and typically conveyed by an air hose, or air line, that connects to
the breastshield assembly.

In most instances, the pressure applied at the breast is a negative pressure

(suction). That negative pressure is typically applied to the interior of the breastshield
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the breastshield as a whole. This has ordinarily been
done through a cyclic pattern, e.g., intermttent

W@ eaBios1218 Br east punps of this kind, which onl yp@uivk2earne22507

rel ease suction, are known as sinple punps. 5 There

are al sqg breastpunps that apply a vacuum pressure and
alngosingylarefashipp dhatris without any kipd of diffesentiah vagymm application over
interior of the breastshield, known as conplex punps.
Tthpitoedstshielday aovhobe. pThis ltalsairdigaﬂyrt&besloae pgosugh ¥ eyclic pattern,
pressure, (pressure above atnospheric pressure,)

a@.gl Sh@rthitechO5gdtiog. t BRaSHRMPS DEANIF kikd,! WhRMIbnl p(ﬂl' ¥ release
into the collection container. A breast punp o

t wn in U S Patent 10 No.
4§§gggd§%9#ﬂgtg¥§§g e di sclosure of which is

incorp ated here refe ence.  for further details

of o bl BEE e LEaRBIDT g oHEIn I VA PRSSEE e, f positive
opens the valve, often used with breastpunps, to

aprebsyire, i typicathy epphied & thdéntprieraof the breastshicldgknowe as complex
conduit structure and into the bottle. During

ppuraps) T ypicetlyex paduvatipurhp khatigbderatbd 4 fBdigve/pressure, (pressure above
separated fromthe air drawn back and 15 forth in the

ailtﬁlo@??e?ﬁp;g%ufe 0 A8 shih qgﬁcﬁxge[hpre Es%ﬁ'n%lllg hhr(gigﬂza valve and into

breas use graV|ty geo suc

spl as ard o and. ai r .n

: sCOH%‘#Wan e afobR P‘Pﬂ%ggh‘skf%?%?‘é‘&ﬁﬁ%é ShoBR g . Patent
difficult to clean, and the orlentatlon of the

bNead82hP3! tp Larsieve theedjsalpsureelrwhigh s Wrerarated hﬁéem by reference
breast punps use a filter, for exanpl e a hydrophobic

f for fether detajls ef/aahteastpumpfammb@nm@ehmgl.t he air hose

and/ or punp. 20 That filter can becone saturated,

shut t | Pesitha\Brepeii®opélis the valR, oftks Qs&ﬁ“@ﬂhe&ﬁmb@m to assist in
even periodically replaced. The obj ective of these

Okth
oo ent oF thor A A S RRlgh I &ﬁ%?%?ﬁéﬂ% th ¢t During
woul d constit a... cont or fo th vvor
(BieRnEoBR erceler fie 5 Rmelel s Sharaid i marith ey back and
In institutional settings, for another exanple, it is
dfosthrig gheeair Bospaged m e breagishield. Spmggbreastpumps use gravity
2008/ 057218 PCT/ US2007/ 022507 transferred between
naridh geametyye tsuth es pu splasheohlidn its sepaari the midlolaad edir (4ipieing the
one nother to the next.

working fluid), but these breastpumps are often difficult to clean, and the orientation

of the breastshield in use may be thereby limited. Other breastpumps use a filter, for
example a hydrophobic filter, to prevent milk from entering the air hose and/or pump.
That filter can become saturated, shutting down pumping; it must also be cleaned and
even periodically replaced. The objective of these efforts is to isolate parts of the
breastpump from milk or other liquids/bacteriological material that would constitute a
contaminant, or foul the works (such as milk finding its way to the pump mechanism).

In institutional settings, for another example, it is desirable to have a pump that can be



10

15

20

Some conventional electric breastpunps also use a
noveabl e, sonetines collapsible, nenbrane or barrier,

wo bas/osepar at es t he breastshield (including vaP@BpS2087/022507

fromthe punpi ng nechanism During operation, two

pressures are realjzed: a first pressure on the vacuum
stranstered: hetwsehmrothes, 1ot the Mympamechanisiy demaigs dgpleted from one
pressure on the breastshield side of the nmenbrane, or
bmetter ghihelndxtvacuum The vacuum punp conmuni cates a
negative pressure to the nenbrane via the air hose,

such t Radnet dmvéntionhl RIRERUbRastPuMPS AR us@aNmbohéable, sometimes
second pressure, or in simlar terns, the 10 punp

Vv wiS .th r i .| Thi s.
ORIl AR ok Wafich B (EARAER A BrokBEUE (Db valve
of. noye. A problemw th _sonme conventjonal breastp

oG TUAING MeChARST. DURDRAPAFRLORR Vo BIeST S A TERcRf: a firs
initial state or position, i.e., it my end up

| BRERSUR) o8r thsuwdenpmgsidafsthe ypembrangr e puppnyacyume raaf| 4/ second
requires a positive pressure fromthe 15 breastshield
sprtssund ohhthe rredstshivdd tstlepofSthet inembeandy an®rqastshieRl vawkim. The
or buckle point in order to return the nmenbrane to

t heulRNp&Ap lBRRRMi AR LndlAliVEO PrasiE G P HRbEME! Ha the air hose,
breast punp of the foregoing type is shown in U S.

P 4 Huber . tvpical issue w.th
¢ RiBihac e Gy Preslid [s b Bt bechlb e 5 4F il terms, the
expul sion of, m |k and breast extension hysteresis do

nBYMB @G 115 a&reett?reﬁﬁ@rﬁgﬁ %asrsgteﬁff yacyug.| yThis, differential vacuum
initial non-collapsed state wi thout the assistance of

acpees they meprbeareutoe colpse or onvent i Arpbblesnwith some conventional
br east punps al so i nclude a col |l apsi ble or novabl e

neiehitpit@pd BAthiH &Fpedis Thatnthé inferitira®d faghodt @&t&rd b an initial state or
"transferring” vacuum fromone side to the other. The

"ani eal : e . he barri nb
B AR, €8, 13RS BB bOBRIARE o bs7o 18

PCT/ U 07/ 022 A di | b t 1P t hat

r educ:iglgr %Fi%}pﬁrﬁta%tg&généeg‘ﬁ{%lgt %SH{r%nagt ﬁ%@‘ﬁ?s??eéw from the

punp ai.r. | ine and punp by isolating the pressure o
sBﬁ?P%g“?lfiélﬁeth dhempmbrang ip pysh)the membeatiepagt a lgclpprbuskie point in
the user and prevent danmage to the punp nechanism A

order to return the membrane to the non-collapsed state during a breastpump cycle. A

breastpump of the foregoing type is shown in U.S. Patent No. 5,941,847 to Huber. A
typical issue with these types of pumps is that leakages, evaporation, expulsion of
milk and breast extension hysteresis do not ensure that the membrane returns fully to
its initial non-collapsed state without the assistance of a positive pressure.

Some conventional manual breastpumps also include a collapsible or movable
membrane that has a significant energy loss in “transferring” vacuum from one side to
the other. The mechanical coefficient across the barrier membrane needs dramatic

improvement.
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much nore energy efficient punp systemthat uses a
nmovabl e nenbrane/ barrier for 5 vacuum conmuni cati on

w0 go0alosn21$hi ghl y desirabl e. SUVWARY OF THE | NVENTT/OBR00N@22507

present invention, in perhaps one of its broadest

expressi ons, conprises a barrier for a punp or a,
punpi ngcesrdingly. a hreastpupartheterpdgenstr ¢Jimingies pepfsmipatioa in the
transferring a pressure change across the barrier.
Whpstreamppuagsair éine asd puromby iscdatingnthd Pressure ceyrce from the expressed
applied to the barrier, the barrier achieves a

dinsliceil @R siret Rt SroRiAE thehaer hxﬁl?pre‘(zé‘&t%dgﬁ tb She pBH m&hanism. A
by a return to atnospheric pressure, the barrier has a

0 . ¢ hat. . it .
" Bhih Bore 8By cARGA IS St 15 BB o Bble mmomlyapybarrie for
yield a slight positjve, pressure fromthe system and
tH@“BF’e‘E%’?@\%?‘%?t ngp aféo g%ﬁ%iem%l\ﬁnst ream si de of the
barrier (relative to the upstream vacuum source).

"Bias" is 15 used herein to describe the pre-set

t SHMNARY: OFEHEaINYENEIONry and return to this

initi alT state. Al though enbodi rren%_s of the present .

i nvent LBf PERSSRUBNCEHORSAAICFIARS @n¢iPt BE Progdest 6XpIEEs@tSpeqpprises a
systenms, it is contenplated that various other

ag@'ri'm: &0t areinfropr @ pwhping rsystempitiey  Sepanates rpaets i oft thefpmp  while
exanple, in a general sense to simlar punp systens.
Ttrhssferdg appésse® changd 4t@dssahd barkibt. €Wheh atph&sshrey &8 vacuum
as well. Another object of the present invention is to

p?(ﬁfﬂ:é? &s Iﬁg}ﬁfeldftb rtfd Bﬁt?i.feﬂgthp?)aﬁie? lachishtsh Bfdthdéd &Qfégaﬁ}%owhen the

of posit € pressure 1rom e punp Is not require

return the barrier toits ipnitial.state fr a .

oV aLyisdClepsete a3 By rigtn By atlspliris Biptstes. e, hirigr hp natural
that the mechanical .transfer of vacuum across the '
bhias that retgmsithig gn itialcipeloadediestate, fldiscadvanigasqusly ¢ag actually
distend the barrier of the present invention is

deiekt ai shigtt Ipysitia¢ qrésatire frdm\¥he 2868810 2i® tBe breastshield side or the
PCT/ US2007/ 022507 construction, breastshield size,
ba@RsdireamZdide 81 the! BifridAGaIHIRE RY Ak WPhtrédd§ v stiitbe) ™Bias” is

any of these systens, displacenent of the barrier to a

dhs%‘d%‘i’&ﬁ t3 to%%ﬁil{eet‘ﬂg gﬁg?-é%tlt tgﬁacfn%g%f thd! BRH%?%J ;t'ﬁ&/neailrn‘;d {eéurn to this

greater than e bre cuum Tr.€.,
ener |l ost in the
pn?tlﬁ%tate.

Although embodiments of the present invention discussed herein are directed
to breastpump systems, it is contemplated that various other applications for a self-
returning barrier exist, for example, in a general sense to similar pump systems. This
applies to other attributes of the invention as well.

Another object of the present invention is to provide a self-returning barrier
such that a source of positive pressure from the pump is not required to return the
barrier to its initial state from a distended state during a breastpump cycle, and further
that the mechanical transfer of vacuum across the barrier is highly efficient. The

force required to distend the barrier of the present invention is determined by material

-4-
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mechani cal transfer of vacuum from one side of the
barrier to the other. The present 5 invention achieves

w@20mghi2ys ef fi ci ent mechani cal transfer. The grPONB2097/022507

of the inventive barrier acts as a spring in a

preferred form_ The,L barrier geonetry maintains

sERMSHYCto, ereapshigid: sizg, drrastyies, mgd the ecubmsieydled th% pbmp, but in
the barrier returns the barrier to the initial state,

aay éfithedeasystenns, displasdment of e baxgerl ts iaaiistemfedrs'tdtekrequires that the
through a valve and into a collection container. 10

Ap&thp &hcitih ﬂﬁ%re&ér fhae tlﬁlar &%@dﬂihlélﬂ\(’ﬁ&ldn?rl d.Shére 153519éfg§dﬁ)st in the
a barrier with a pre- |oaded residual force

Ahe c%ij traljm’él of uﬁrﬂ ?rc&i;‘ loﬁé §id o? {1 grst%etge 8{}1%{39]‘1% present
central axIs lnt e asse e parts &ri's
SERbash et hshsciTien et B R @

self-returning barrier that returns to an initial 15
st at e Thegeamelysefdhe anventieg bartier agtsmsiagpring ama prefenced form. The
i.e., 150 mlliseconds or |less, wthout assistance

f barniet Peonmetrypmbintdiles fivy sprimgt ﬂa&:r Anufficient epripefagye designed into
expenditure on the breastpunp system Another object

OfhelHARidR r&E3{thd BAERE t0Qhe irfitidlStdRE, QKH Fertiter REE hdsBt il fhe expulsion
isolate parts of the punp, as from contam nants or

2fnlk ‘fﬁPﬁ@ﬁeV%l?gLfgd B RSB e R o ovi o a

self- urnin r|er t hat, col | apses uniforny as

vel | aZ‘-nP@@nP cft e the present dpventign ds (ipipreyide . barﬁ@r with a pre-
barrier of the present invention thereby elininates

t lnadetbeadidual fppé wheorassembledrovidhat ishrthelbarrieonis oompressed along a
states, such as in a lock or buckle condition of the

PEdnBral %8 in the@ssehibldd Qite OThe BErrRRF BSBAS plel¥I¥dl P&, biased when in
i ncl udes a corrugated geometry to prevent it from -5

f%gg{lg@gg&g PCT/ US2007/ 022507 | ocki ng up or

Ing. I'n one formthis geonetry conprises one or

E‘Srnﬁeﬁ??#‘ e RBcsh 05 PEURRLA 5T 1T PoieF DRCESS to an intal

achi evenent_of a distended state, the barrier of the
phtatseiom 3 distended rstate in aPeefe imsdirame.ni-net89 midisesonsts or less,
buckles even during circunstances when

without assistance from the pump to thereby further, minimize energy expenditure on

the breastpump system.

Another object of the present invention is to provide a barrier to isolate parts
of the pump, as from contaminants or the like that could otherwise pass.

Yet another aspect of the present invention is to provide a self-returning
barrier that collapses uniformly as well as returns to an initial state uniformly. The
barrier of the present invention thereby eliminates the need to apply force to move
through non-uniform states, such as in a lock or buckle condition of the prior art. The

barrier of the present invention includes a corrugated geometry to prevent it from
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5 the punp vacuumrenmains | ess than the breastshield
vacuum or when the punp vacuumis equal to the

woe@asszig el d vacuum Li kewi se, the barrier of P€hES2007/022507

present invention never |ocks or buckles during

return froma distended state to an initial state, )
elpekingwp; o5 pueldinge i Ip eneferandisssepmeR Y CRBIPISeSLANG 95 Meas e yndulations
is greater than the breastshield vacuumor the

victhe barrigr thatereglenerdlly smoehizic caspenveosurfdee. pr esent
invention is to provide a self-returning barrier that

wor ks Wutiflg @BINARE oY asiievettedd of8 dWdnded Staf), Bfel Barfié dfthe present
oper at ed breastpunps. Furthernore, a sel f-returni ng

bFHtht%n in ﬁ'éf%}‘xjeg ¢Gnl H@\}er Gs BPQ&({I&I&ne\V@ntd?uﬁlg IEBJC stances when
el'ectrical ‘punps providing a negativé pressufPe and a
pgsitive pressure,.and al.so wth a siople pu

DI\ PUTIR G 6T TRERinS; I5es HaBsbe edbishirld Nogim (&5 when the pump
at nosphere). 15 In particular, the barrier of the

prassiany isi edrehto dhe brsesishield vasguiny eLikewiisst shecbarrier ofnthe present
t he vacuum punp, such as the positive force of air,

f mivehtivn bewer iletkstar hieklesduringi fefurn iffunt iaadistehdddestaier tongh initial
a breastpunp cycle. The geonetric and nateria

cor! bWl ifindthe diRGNRBINEELHhE] -] ('acruﬁﬁlu{n%s&@?s greater than the
barrier to its initial state after a suction phaSe. In

a, br gad ,anhodi nent,, the present .invention is a novable

oot de B TRRUTBE s v AR ENAL OF °a punp. as to

prevent contam natjon that includes an initial state )
wher ei ﬁnm%ér BRReFY %ﬁ&e@s@%w@@w torpyide @ssglfzyeturning barrier
pre-load. When a vacuum source is applied to the

bthat ivearks tith psanpallyr operatedvass walldass tlentifieallys topexatedabrbastpumps.
when the vacuum source is released, the barrier

| Rartigsimoteqld yeledtimirgl baier i peovided tHaflmat AlnRtiod MAth complex
present invention, with application to a breastpunp

L KB 50 RIS i

nt
barr i - 6 .2008/ 057218 PCT/ US2007/ 022507
<SP Pre i Snly B AL A (B 4 Ko th T
which is located in an air pressure |line, typically a

vacuunin paéculop dhe Rawjige ofi tha Breagiblinveation [deeh BPY feguire assistance

achieves a distended state, and when the vacuumis

r Bbmatbe stacuulreploap,rsueh asithelpozitise foree pf gir,| foathedmrréer to return to its

spring action to assist in transformng to its initial

pirftidl Gefle dhAhEa breastpump cycle. The geometric and material construction of
the barrier itself returns the barrier to its initial state after a suction phase.

In a broad embodiment, the present invention is a movable barrier for
separating parts of a pump, as to prevent contamination that includes an initial state
wherein the barrier is assembled as to possess a pre-load. When a vacuum source is
applied to the barrier, the barrier achieves a distended state, and when the vacuum
source is released, the barrier incrementally self-returns to an initial state.

The present invention, with application to a breastpump assembly, has a

breastshield, a conduit structure and a collection container (bottle). A resilient barrier

-6-
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5 I n anot her aspect, a breastpunp assenbly has a
contam nation barrier located in a vacuumli ne

wWheisesn21®a vacuum punp and a breastshield. A hpOEUSY07/022507

has a breastshield side and a vacuum si de, al so

referred to herein as vacuum punp_ side, —separated and

i isssamtied inghprerieadgd sepditionin a heusing whigh is Tacated dn ap air pressure
is assenbled within the housing in an initial

phire,| typidelly at wtcaumuliie. t WVehers aivdcinan ris eapphied; the thaster ld¢hieves a
toward the breastshield side when no vacuumis

agiteh8&H st eihdWRHRE vacARPlS BRkased! IR agidriRiliz&Ctht $¥&Rad as a
a di stended state, and when the vacuumis rel eased,

t he. barr.i refurns to the i.nift.i. tate. Ln one
BT o g e P S B a1 BCiatt e o hape

at least in part as  presented by a convex barrier .

i de, Henother aseecht) WEAYPYURP ARl Base enmigmingtien Rerish located
15 that the bias presses the convex barrier side

atpai nacuum linet betwaén br easvumhpwhpl apd de besiastshieldl  éf howsing has a
housing in the initial state. The convex barrier side

hBagithitldaside amba vabelh didepalsb AEfBEditd Hebein 98Va&@En pump side,
generally concentric with the center of the convexity

ggegg%t%es(ﬁ?ﬁe{ i(ijﬁga}teaie Broth gﬂv\gfarl&h&f 6% R il THiChAREE fﬁn?%?embled

sid as a shape that genera

conf or o that of .t.he convex barrier,side, .sych.that .
CRABSL MR, sl 81 bl PR B’ Sicn el sl e S a bias
substantially mate when in facial engagenent (in the )

i foveard thepreagtehield sider whegy ne yaeHum inapplied. (Wher ey isgpplied,
enbodi nent, the barrier becones inverted under vacuum

athd barmernachaves halistereled rstdt¢,yandowheax thehapeumtie meleased, the barrier
di stended under vacuum at |east in part, as

PrRERStEUe MitihlngateOW | nsi de-out barrier side in the
di stended state. A vacuum side 25 sidewall has in this

nost pf.e . O I f .

o t ol o GREodiitbat u 1RARAGal e Bt 58 S8 AR08 in parcas

di st end barrier side, such.that the harrier_and the

VBTN U8 ORISR A3 YDk i forggoing ousing so

facial engagenent. In another aspect of the present _

i thabthg bias prasehahe cenvenakardeppide sigeingt an inigmak agdstshicld side

concentric undul ati ons designed to provide bending

neidew4ls of dre idwsingainrtheinitial state. The convex barrier side has at least one
undulation formed in its surface generally concentric with the center of the convexity
of the barrier. In a most preferred form, the internal breastshield side sidewall has a
shape that generally conforms to that of the convex barrier side, such that the barrier
and the breastshield side sidewall substantially mate when in facial engagement (in
the initial pre-load state or condition).

In the foregoing embodiment, the barrier becomes inverted under vacuum, and

forms another generally convex shape when distended under vacuum, at least in part,

as presented by the now inside-out barrier side in the distended state. A vacuum side

sidewall has in this most preferred form, a shape that generally conforms to that of the

7-
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5 tending to return froma distended state to an
initial state. This is contrasted with stretching of

w@2d@ansi2es of the prior art, rather than bendi PQT/UE1007/622507

yet anot her advantage of the present invention to

provi de a breastpunp assenbly which isolates parts of

t flistepdefhbarriersside sueththpt the barrisiand theamewam is&q,sxc@u@ﬂ subgantially
bet ween a breastshield and a vacuum source in

c orateuwheraihifacialvinggeniemt. 10 br east shi el d via the vacuum

line. The vacuumline is in comunication with a

housi nth hiétheh@spedt lOF GBS tprblett GhviehfSn, afhd NARMUELS la0Blurality of
Aresilient barrier having a formw'th a first

S J: . re .. . | | oneld k .
o iRy o ol G Mosib e ik 82 BELGG o, 4! he barrier
base. of the daone to,.the first surface The_resilient .
binAingto; retuzy dram, petisterredyath do . an igitieh Stgter B cgntrasted with
separate and thereby 15 isolate the breastshield

hettes¢inag ef albarsiatiofthe priat arbusthenthen bending.an i niti al

state with a pre-loaded condition for the barrier.

The pr &-ik gatiesbthandivhhtage of tHehgreddat invehtittato provide a breastpump
assenbl ed done height that is less than the

i t . .
Uﬁ’s@@ﬁﬁléﬁdvﬁigh MR VG the %ﬁ}g ﬁl(rjagpécgﬁn & ¥ %Ug?raguixa}}lon, such

realiz on the breastshie OWs a gen

one.to ogne relationship wth the vacuum applied.on the.

VAT ReReqa, Brdsiel Tafd's | vieudgo SPure ng Fomimuigafipn With the
realized on the vacuum pu side to overcone the & )
pbasteield WA dhe i vapuunrHine; nilhe yacpemelineofs i eommunisation with a
overcome the pre-load condition can be about 4 to 15
nhewsingnthghhas e )bréastsbietd fide andfvatinen isideenAi esilieflthbarier having a
yields a highly efficient vacuumtransfer across the

bfyrin @ith Ahfrst uped MBateRbEi 18R0tinCadt, f PéeRly dbmelik8yith an
a mlk conduit structure which conveys mlk fromt

he

b L&l ' ' d
e N ST e
2@88/ Oﬁ?Zﬁ PCT/ US200,7/ 22%%7 the .contai ner. The
b&PT FSFICnE BYHCT BraBPTR ] {bghouRing ik e m3ngeR (Qyepprate and thereby
predeterm ned  m ninumanmount of mlk in the catch _
chalafsethe brrapishiglddousingisiderand saguym bousingside in areinitigd state with a
chanber relative to the container so as to open the
vpieveadeddconditimasfer thd bartier. Thapsd-loadddocdnditionostt the Hfrier has an

assembled dome height that is less than the unassembled dome height.

Furthermore, the vacuum realized on the breastshield side follows a generally
one to one relationship with the vacuum applied on the vacuum side, after an initial
level of vacuum is realized on the vacuum pump side to overcome the pre-load
condition. The initial level of vacuum to overcome the pre-load condition can be
about 4 to 15 mmHg (negative) in one form of the invention. This yields a highly
efficient vacuum transfer across the barrier. The foregoing embodiment can further

include a milk conduit structure which conveys milk from the breastshield to a

container via a catch chamber and a one-way valve between the catch chamber and
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5 These, together with other objects and advant ages
Wi Il be further understood in the details of the

w@omsis1zes i on and operation of the invention aBCHODR®07/022507

fully hereinafter described, reference being had to

t he acconpanyi ng draw ngs, forn1ng a _part hereof,

wiher eaniaingrk el b herish, sunoafierurpiag |t léa ipiial state Moligh pradetermined
in which: BRI EF DESCRI PTION OF THE DRAWNGS 10 FIG 1A

| misinmer spewitiof enilk ivhe©Eateh cleaniber) geatrates abandreaded pressure in the
free state according to the present invention; FIG 1

Bedtéh @hdfbetREMktile © ‘ﬂ{eec%n@imérrk% ol b 1AL ngv@ ana r@lease milk to
fromthe other side; 2 is a side view of

c el rrier of FIG 1, FIG 3A|safront
Rg\ée?prﬂetE?fcneec@ ta\?@e view of a br east punp assenbly

according 15 to the Pr esent invention; FIG 3B is the

br east phFss: Geetheravith ather phiesth and)advantagerewilFpefurther wndgrstood
expl oded perspective view fromthe front side of the
bincthe dptailpof the semdtiugtior arfd @GSratda ofitlk BReionas dhorg fitlly

the present invention (w thout the bottle); FIG 5 is

aReremplieckigcriteids et hostbeitighidfto @B dcoempasknsddeinds, fdamlng a
breastpunp 20 assenbly of FIG 4; FIG 6A1s a sid

p?ﬁ’f‘h&@of %efé‘?rpﬁl@é"hlﬂﬁéﬂag%ﬁﬁfor l'il&r a2 tlirb ho%t iR which:

'oadéd state according t e present i nvention;
FIG 6B is a side view sim | ar tothat of FIG 6AW|th

PRIESORRCAE T mat D ik ?szesi\eéﬁb"”_‘é"s
scct i oftl (ot SPTRESFegt ol CEERMpy S efl hpTee v

FI G n enl ar.ged .sectional view simlar to that
oft ¥ g Fﬁreéﬁ%} 8%‘%18“ FIG 9 is a sectional view
simlar to that of FIG 8 in another phase; and FIG
10 i s EIG oMb pesspectivaiewiof fsrromersf F8G b fnesthesther side;
various nenbranes.

FIG. 2 is a side view of the contamination barrier of FIG. 1;

FIG. 3A is a front side perspective view of a breastpump assembly according
to the present invention;

FIG. 3B is the breastpump of FIG. 3A from the back side;

FIG. 4 is an exploded perspective view from the front side of the breastpump
assembly of FIGS. 3A and 3B according to the present invention (without the bottle);

FIG. 5 is an exploded perspective view from the back side of the breastpump
assembly of FIG. 4;

FIG. 6A is a side view of the contamination barrier of FIG. 2 in a pre-loaded
state according to the present invention;

FIG. 6B is a side view similar to that of FIG. 6A with the barrier distended;

FIG. 7A is a side sectional view of the breastpump assembly of FIGS. 3A and

3B;
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5 DETAI LED DESCRI PTI ON OF AN EMBODI MENT OF THE
I NVENTI ON Al t hough the enbodi nents of the present

w0 poosfosi2es descri bed herein are directed to brerREsmOTIR2507

assembly systens, which is the particular enV|ronnent
that the invention finds its origin, it

cont enplGt/&isarsetiqnabvisreaidhe blieAS BHRP éﬁem&l;v AFICodd- 10

ot her applications, such as any punp systemt hat

requi r BEG.&8 ibanrehkargddcsegicnmbvﬁbw stroilaretovithred of 61G. 7B it dretphase;
may benefit from a novabl e nenbrane that is very

ef fi ci PIS. 9 18 a skEtRIMANVikW sdili 6 $18d bE FRB A memofliePPhade; and
vol une (or working fluid) on one side to a volume (or

wor ki n (f; |4 ,g% C8ﬁ]1p£1h n¥ndfi roﬁ fﬂér@&qaﬁ@%nu eﬁs | &F vatfoud Fa%glbranes

pr esen I'nvention wWorks wt oper a
15 breastpunps that may provide onIy sucti on (and a
VDETAILEDBESOCRIPILION OFRAN as nore conpl ex punps,

SEMBODIMENT OFTAEESVEN'H(PNMPS_provi di ng both
suction and a positive pressure. Thus, while

descri Béttlongh pler embodiatentseapahid prevent irvertiorn alesafbed herein are
vacuum the pressure source could al so be a positive

p&ff’&:‘i&f f® H}Pééhﬂﬁhﬁ $8ehBl r §Ems,Rlfh 1s]tﬁe % env1ronme8t that the

ustrateasef-retu ng contamnat arrier
St at.e. accordi,n resent

 PBniofinds S ore?'ig ffa%e@%vla%d Sofe P g yeption has various
nol ded. The barrler i ncludes an inner surface 102, and

obither 2ppliqatiens, 19ygh s ABR GNP SYShem olle requuines Acdarrmy to prevent
|ncludes three concentric circular panels 106, 108,
1dentaminationy i thad myayrbembfit from guanedbde mechbaang thatris ecﬂyrdfﬁcient in
shape are contenpl ated. The panels 106, 108, 110 are

atredspdfiigeptessafe Jc inpesl fromt @ wdlavabl svotidia fﬁhdﬁ%'dnc side to a
d

112a joins center panel 106 to internedi ate panel

1 igﬁ(@l L nmedi ate panel 108 to

g%lu{r/%( 00 /‘%rég]f%l%g) E@igﬁgﬁg%OZZSO? exterior panel

110. eri or 110 a ed.(jain

i 1 TG eatter e e inERGod tﬁe’dmmpiec%}g%ﬂry fperated
nore detail hereafter, a valve 101 formed integral
wPieAStRMPS ghat Tary, pigyide; qnly Suctiowt @ReIaaye to [imos re), as well as

val ve 101 coul d be separate and apart fromthe
beoré esmplé® pumps, such as motorized pumps, and pumps providing both suction

and a positive pressure. Thus, while described in particular respects with a source of
vacuum, the pressure source could also be a positive pressure moving the barrier.
FIGS. 1A and 1B illustrate a self-returning contamination barrier 100 in a
“free” state according to the present invention; that is, unassembled, and as it may be
molded. The barrier includes an inner surface 102, and outer surface 104. As shown,
the outer surface 104 includes three concentric circular panels 106, 108, 110, although
any number of panels and any concentric shape are contemplated. The panels 106,
108, 110 are amalgamated, or joined, via sidewalls 112. Sidewall 112a joins center

panel 106 to intermediate panel 108. Sidewall 112b joins intermediate panel 108 to

-10-



10

15

20

25

5 The self-returning contam nation barrier 100 is nmade
of aresilient material, such as an elastoner, or any

w@bk@svs1and rubber combi nation that permts tPer/US2007/022507

barrier to function as a spring, descri bed nore fully

bel ow. The preferred enb di nment cons ructed, of

| PXERIQT pwgiw obxiggion sandli § e ealganisd (ined wish a s 114 via
6050 that available from CGeneral EI ectric (GE). 10

Thidewall 1125 A9shdven, asd disblissed ini mhreadetaibberegftarpa valve 101 formed
protection to elimnate contam nation in the punp air

| infezral W id@Sbarditr 200, BB i is| defilehiplRed tHAf @RSFANETPO1 could be separate
assenbly 200. The assenbly 200 includes a detachable

b&ﬁﬁﬁ%éa 5ﬂ1 thADZie 4D, Dreastshield 202 engages with a
rea 0

orm a seal to ensure suction to t he breast,

204, - afBb IGFOME N HBiraReR berkes L0 is g, Rl gpslient matera,

front side, or breastshield side, |nqludes an _

i fiichras a8 glastompsser goaplastiosnd sbbebeambinatias! thaf pezm@s the barrier to
Breastshield 202 is detachably connected to the

| fimetibra@e 28frirgy, deberibed fnoresfully Béldw( alThbqurgferred enthddiiment is
be made integral therewith). A collection container

oforRfhétt® ALRqig ifecAsAaRbIHE tshﬁ:oﬁ@'(LﬁT/IS)?oﬁlcﬁf ad MEM 6050 that

front housing 204." The rear housing 206, al so

r &St glgqmggdg%gi %lg?r?ulgz%%znd housi ng, back side, or

vacuum si port 212 to connect to an

electrjically.o ated pu se referred to as _ .

t he vaiﬁ‘a rhag‘EﬁEPi@ 1§ nﬂé‘f% % nsagtpyumR ¢ prategtiop, to eliminate
expl oded vi ew of the breastpunp assenbly 200

acwsandinagon on tthe pwngs eirt lingyv driGSoBA Hnd 3B aitlustoats ianhreastpump
206 includes an interior rearwall surface 402 and an

exdseblyr 260ir fBige adkehblyl 260 finelnlesh @ UddtstBaBle dbreatdhiel@s202. The
an interior 25 frontwall surface 502, and an exterior

S5 BRI et OB L R Sy e bras
profee st i .
using 204, The frontwal | surface 502 nost preferably

h§§§t Qo%%efrqqﬁaﬁ ey ShSFeartslickiatidn dacludercarp iiterface Lﬂfft@é‘é part 205

104 of the barrier 100 when it is in facial engagenent
i and bratlé eoltar 208. Breastshield 202 is detachably connected to the interface 205 of

front housing 204 (although it could be made integral therewith). A collection
container or bottle 210 is attached to the collar 208 of the front housing 204. The rear
housing 206, also referred to herein as second housing, back side, or vacuum side,
includes a port 212 to connect to an electrically operated pump, otherwise referred to
as the vacuum source.

FIG. 4 and FIG. 5 illustrate an exploded view of the breastpump assembly 200
according to the present invention. The rear housing 206 includes an interior rearwall
surface 402 and an exterior surface 404. The front housing 204 includes an interior

frontwall surface 502, and an exterior surface 504. As assembled, the barrier 100 is

-11-
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5 state. The interior rearwall surface 402 nost
preferably has a shape that generally matches the

WO 0v8/05Rus f ace 102 of the barrier 100 in a di sPentszho7/ 022507

(inverted) state, described nore fully below. The rim

114 forns a seal between the interior surface 502 of

t pesitionsdtbeiness the injgrier reayvallnsurfage 40208 ﬁheoliearsbwsatge206 and the
402 of the rear housing part 206. 10 Once assenbl ed
win¢riar ftomewdlbsigfacg 502 bfthedront bousity2Gepar at es and

i solates the breastshield side of the housing 204 and

the vagHefRoftvigl Qirfacé 0D anbst pfe?ly habe sh&}@rﬁqmegené&ﬁly matches
is assenbled in a pre-loaded initial state, also

E}Iee(flﬁequugﬁcéq f(ﬁfbf'thgsba?nér 109 whed it llﬂnt fa@llal Qr\?éa&&#‘ngﬁ 'inFhe initial

a concave snap

the vacuum side or a shape evved form
bFest CPR BNGTIa e Wal oy aen Jpan E@gﬁsﬁrggfy W5 pipg el generally
206, as shown in FIG 6A In this first position, the
bmatches theydnnies sbifaesed02 wof\ihe darries i ins asdisiendeds (igertsd) state,
t he housing 204. As can be seen from FI G 6A the
cdescabedaned fillBobelow. STieniml 1141fbPas arseal baswsérathei iatekipr surface
aligned with internedi ate panel 108 in the pre-Ioaded
35@2 8f thie-ffont h¥tkGR pae 3G R Llhe ihRricdGifab 092 8F ﬁn@"i@érl using part
112 112c in a conpressed configuration int

| oaded state, in conparison to the free state

% 2). Looking at this another way, the barrier

100 hasadorrellke shape, with a central axis. In the
free sPREeapembledayithin tf?%hoqmgg the BartiemEDOgssparates and Ysolates the
taken along this axis fromrim 114 to the front
s brehsteaeldfsidehef therhomsingidfé andathe lvadipsd) sidesoftthe hbusing@06. The
pre-load state of FIG 6A, the done is conpressed to

abdreieg D00 Bf asketnbled & & phezloaded BiStal tshidd) allo- refdiRd to herein as a first
pre-|l oaded state -12 WD 2008/ 057218 PCT/ US2007/ 022507

a§lsfn§t§a? batibh &r SHRC hh® Hﬁkdtﬁl}{s &% dald slﬁaég 1,0%e P fH?x‘? the vacuum

arrler 100 durlng oper ati on, escrl nor e

B rence. to

DPEBLT e fanvak Shibecn iened Tn i breEeiFkdLsle hevreg, thg;housing
shiel d base) 205 of the front housing 204. V\hen m |k
i Barsciie 380ps @wmdm kIfe 6B elasthisofirstpefifias, the bastipe 00 is biased

the mlk thereby flows fromthe breastshield 202
toward the breastshield side of the housing 204,

As can be seen from FIG. 6A, the center panel 106 and sidewall 112a are
substantially aligned with intermediate panel 108 in the pre-loaded state, i.e., when
assembled. In addition, sidewalls 112b, 112¢ in a compressed configuration in the
pre-loaded state, in comparison to the free state (FIG. 2). Looking at this another
way, the barrier 100 has a dome-like shape, with a central axis. In the free state of
FIG. 2, the height of the dome, as taken along this axis from rim 114 to the front
surface of the convex side (panel 106), is h;. In the pre-load state of FIG. 6A, the

dome is compressed to a height of hy, where h; is less than hy. The pre-loaded state

-12-
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through a Iiquid conduit 702 portion to a collecting
or catch chanber 704, and then to the collection

waeomsasnes 210 (here, a bottle). At the outl et POf/US1967/022507

col l ection chanber 704 there is provided a valve 101

whi ch ¢l oses, the collectlon chanmber 704, | eadi

besisie i the fyagtipwality) (SpRng racsioph of athe eb %ersﬂe%gurlng operation,
integrated with barrier 100, but again, 10 it is

cdescrbgl mordullphtlowhe val ve 101 coul d be separate and

apart fromthe barrier 100. This systemis not

dependenth gdferehidestd FRESOTAVaAIQV B, kit BRYstHiSAt 20VB6hedts to the
vacuum or negative pressure is appl ied to the

3@3&%%@ ?%)Zfafj V\ﬁsqg%lﬁ Fbggg) 905 Welie ?‘ﬁ'@ustl 43 T whif Hlﬁﬁs expressed

be” manua op er d or

A A, m@?ﬁ%%ézlgsgf“ o t6q eastsicld 202

interior of the breastshield 202. MIk is collected
wihrongh a liguid gpndudt 703rporomieeeolipoting eywsich ¢hambery 204, \aad then to
pressure is released, the valve 101 opens to pass

mihelkcotlxgtionscmechingrtX1 Ot(hereps dagled.hinglthe 3Gkt afidhd bslleetion Ghamber
the coll ection chanber 704, to flowinto the bottle

2364 thége 18 PtRGded dGalval YEWARARERES me%ldeaﬁ)nq;hafﬁ@@ﬁ’ 704, leading to

types, for exanple a duckbill type 20 vacuum or

SB'&{IE %‘0 d%’\éiv%el O? qg tlﬂg n%bange sﬁg e(ad%lt}% %I Verﬂ LO% but again,

the vacuu hough S C Iated t hat _t he
v%é%ﬂﬂ"%&]?@a t%éhwslveb éb Bedibe ??gar% anchapagt {5pmth barrier 100.
punp, or a battery operated di aphragm punp. The

i hhissystem ihnotaiependent drothestype ofierlvd, iimadyeevent any

particul ar kind of vacuum device. -13 WO 2008/ 057218

PCT/ USR0{24/2022b8hi or hegatiteGerdinedy apslicddb thobieesitteldi282 from a
alr line tube 708 to a port 212 forned on the rear

'k?lgwﬁoc?%e 5F @u&f&ht%e%i% 6L Sh§h ﬁlgg?b\%qﬂatﬁiéﬁg%%gra%e%zor motor

n communi cat es e | hterior

e St J0565se SR ol PO dhniti 7@%5?4%2% n&’éeafvr:smessure s

|n|t|aIIy posi tioned, as shown in FIG 7B
bARphisd dothel iatesiog ef g breastshisld 20y Dok M@llmﬁechwethtmthe collection

207 that extends into the conduit structure
ccramber 840 rWhen the negatvé presapacerck@edyithdrivalve HO1 opens to pass
connecting coll ar
milk expressed into the breastshield 202 and thence to the collection chamber 704, to
flow into the bottle 210. As noted, the valve mechanism may be of many types, for
example a duckbill type.
The vacuum or suction device 706 here is a house-current driven vacuum
pump using a tube, or air line 708 to convey the vacuum, although it is contemplated
that the vacuum device 706 may be a manually operated piston pump, or a battery

operated diaphragm pump. The invention herein is, however, not limited to any

particular kind of vacuum device.
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208. The vacuumin the rear housing 206 is thereby
communi cated to the breastshield 202 by novenent of

wo b@slosn2ig er away fromthe front wall surface BORPS2007/022507

which in turn draws air through aperture 207 from

space 209 and within the breastshield 202. The 10

above §be¥aquysssonregatiG nenaesiuvinairdine fabe 7Q8 (ot part 212 formed on
conveys the vacuumfromthe source 706 to the

bthe asarslivusing 2062 . Thspat at 2 dxtepdssthringthasuefatd 40 andigommunicates
source is applied, the barrier 100 is in faci al

SRR IR RIrioplof fhel f28r hdtisRip! 206, FTIRA iWah!inRHb: Afface @62 QF the front
the front housing 204. The frontwal | surface 502 has

PSP Bk BCSAE ghe RERRP 300 b0 RiBih Hospbnedr i M in i
PZI% g'h}sgf fgﬁgﬁ ssyg]mtﬁh hﬂ@l% 2l St%pgxgqusaﬁz él%atteﬁ@nds into the

smal | est anount of "dead" volune on the breastshield
seahgluit|strugtira¢ammuniggpngewith ingeriorapaca 29 withiarthe eonnecting collar
provides a very efficient vacuum transfer nechani sm

WDOE: T Vdcutidi€in kigsieacivaiigyg 200ds theesbe fcom@nuntoateding thdbreastshield
useful life of a batt ery oper at ed punp 20 The

b5 @6} RiYVR @o @q;mlﬂ)a% a %tﬂb‘f‘n B{eeI? dllnéiﬁﬂltcé @f2, Wthh in turn

operates thnr reast punp cyc suct1 on,

i ao%%hépggwséoéﬁwn%ﬁfc? 200 SWI% Elgeegresﬁtshleld 202. The
suction phase. During operation, two pressures are

r & ve z@gcr&%aadhcw @0{1 i siseciwicVhic | aveysdthe avaguwm from the
side) of the barrier 100: a first pressure A on the

vsmuee (i td ¢heobreasishiddd202.er 100, otherwi se referred to

25 herein as punp vacuum and a second pressure B on

t he br agstatdd, flstbefoftethevadudign soukde MRpBREBARDEAASE 100 is in facial
PCT/ US2007/ 022507 barri er 100, otherwise referred to

%ﬁ&n@lﬁ Witk kd ﬁﬂér%rdfrefrﬂﬁlgﬂ 'Ehrf;-&eo@]ﬁl; %Oﬁ'ont hoq[sbr@ 204. The

nicates a negative pressure t arrier

ath 708 such that t rst press

Bugbafl itoes 3P P 5P it @Fnorr walsbi helRuFetHiRCS h o the
second ressure B, vyielding what is known as a
dbarrier L inthis iaiial stateThThis anatehing pmgagementc whish could also be less
ultimately 5 causes the barrier 100 to reach a
dexsicefod edbstaraially nidiehipg eqpagment; prwsides figgsthallest amount of “dead”
pressure (relative to atnosphere), which pulls the

baslumelon tHOblRAGkNi¢IARIe I8@BAMhe appreciated that the invention provides a

very efficient vacuum transfer mechanism, which will use less energy and therefore
extend the useful life of a battery-operated pump.

The breastpump assembly 200 of the present invention operates through a
breastpump cycle of suction, air line release, and milk release. FIGS. 8 and 9
illustrate the breastpump in the first phase, or suction phase. During operation, two
pressures are realized on each side (breastshield side and vacuum side) of the barrier
100: a first pressure A on the vacuum side of the barrier 100, otherwise referred to

herein as pump vacuum, and a second pressure B on the breastshield side of the
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position, or distended state (see FIG 8). The now
inverted barrier 100 is in facial engagenent with

w0 ndosfosn8 r earwal | surface 402 of the rear houBCTHgSR06022507

in the full di stended state. The rearwall surface 402
has .a e.t hat mat ches th ner
CBarrie 106D Shemmie, SImed (s hefigh o5 breasiBiol Segiyebg The pump 706

state. As shown in FIG 6B, when a vacuumis applied
t eomimgnicaties p negativeqeessa tofthe bardeb B0 vierthd 8ip ling 768 such that the
barrier 100 essentially turns inside out, such that an

| fitst brdssuzO AVierat leaktapitiall g@terg %&ﬁvd_])_&hdrftﬁe sécontdBlessure B,
to an inverted convex shape ( center

gﬁférilgégfﬁa %T%ﬁ Rk ﬁﬁﬁ}?rfeﬁt?‘gvhﬂhﬁli g‘t?gfr ?rﬁe Irgl?tghqlva%% ultimately
108 N AN LA 2% g negative

the rim1l4 via sidewall 112c'. Si devval I s 112a'

1pepsure {rejative dp catmgbphesgt “éllcrlypulémétehbamar 190 thaek into a second
di stended state 900 in conparison to both the free

spesiteon, felr @ist@)ded rstht¢ Keeei FIGE i8] Theatosv (fvieffed GAgrier AO0tikén facial
barrier transforns to and froma di stended state and

agndaBéhé@! with dhRriof hrwalD seac 4P0SF ithe Elaa?fhobﬁhg'?_@% in the full
between the front housing 204 and rear housing IS

d&&&ﬁﬁéd‘ﬁ% byfh%: E@ar\@hlfl El‘ﬁjfaecg ?2 k?l?i X‘?ﬁaﬁ)ettﬁaq Iéehérrgltl n &t(‘thﬁse the inner

pr essure e vacuum si
sec ure B .breastshield side, i.e.,

d?"fr? éﬁé Pgﬁle\}’éﬁrlﬁﬁﬂ]ﬁo lqﬁv%@aﬁe{lé@rﬁ% a first pressure

and second pressure, the barrier 100 defines a first

vol umeAsshewn iv FEGubBswlen arvdceuns écapplied 3o tineinpar suréace 102 of

breastshield side. It should -15 WD 2008/057218

Pthié/bafs2e Q 00 Othe Bartier 160 esseadaltyn@insdasitlé 6ut) siichi that dMOMRRI convex
the first volume and second volunme (in addition to

t §fapk (RS, @fﬁﬁﬁ&A)elsat%sﬁ)%e&?% Qﬁ%ﬁ%ﬂ%&koﬁ%&%‘i%e (FIG, 6B). The

respectlvely In the co ction noer rel ea

‘i{@%ﬁ?lﬁ %Iﬁfsa@gﬂ?%edyiﬁ‘ltfg%lﬂth‘é“eﬁarte iqggswa-‘sﬁigwall 112a’, while

br eastpunp enters the air 5 line rel ease phase where

etherigipraedipte pappl K1Y’ dadisplased frambtheraxigrior panelalife yia hE2b’ and

barrier 100 to return to its initial state (FIGS. 6A

athg exjerioripenel ddOnhis gisplasadr feo1B thetinn hd4 via sid¢walk pHaer i Sidewalls

level if no mlk has been added to the collection

chExben 1204.110¢° aee substantially lengthened in the distended state 900 in
comparison to both the free state (FIG. 2) and the initial state (FIG. 6A).

As the barrier transforms to and from a distended state and an initial state, the
exact position of barrier between the front housing 204 and rear housing 206 is
determined by the difference between the first pressure A on the vacuum side of the
barrier and the second pressure B on the breastshield side, i.e., differential vacuum.

In addition to a first pressure and second pressure, the barrier 100 defines a first

volume on the vacuum side and a second volume on the breastshield side. It should
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mlk, or air from| eakage around the breast, has been
added to the collection chanber 704, the valve 101

waolo@s/0s2t8 open and t he breast punp cycl e repeat BCTIHB1007/022507

nilk is 10 collected in the collection chanber 704 | f

] IS present, however, the air volume in

bb%a%tﬁé that paiths; Raerisgimovescthe fisg dielumnerndesecond Ycriamm(mkaddltlon to
vol une. The barrier 100 pre- |load then creates an
otherfrstgpessne apdebanid\peessare) tlmnge ndspeatvely. Wi t hi n t he
col l ection chanber 704, opening the valve 101. That

i's, asii i balldctioh ch@bbr adedserphasd, raiubikieis Ql&&&m?ﬁcauy by
state, the differential vacuumreverses wherein th

f S
B*e?%%er B ARGt PR LETRE E N 708 éﬁéﬁ%spéuﬁﬁvﬁ% the air
her i ssure within the callectjon c er .
25 ek st T SRR POt PR SRD fi hies, 100 g the barrier
fromthe collection chanber 704 |nto t he col | ection
c b0 0 reburn 2q ats initiakestate(FIGS.r@h end 8).phs secondepressure B returns to
100 utilizes its pre-load during displacenent to
pateosplidricallelgl idmpl milk has éseniaddddotot the oailedtionh¢lamber 704. If no
openi ng the valve 101 and releasing 20 the mlk into

t BRIkCEY die EbhPR ta?édh%rth@ 31QastAﬁastﬁE%n ﬁHJiéﬂ foShé @(l)lfe%ﬁ&q chamber

the pressure applied by the barrler decr eases

t eresetedb t te of
b2<?4r» i Ja%?t JCBRE°E fncand e el i 2k eblass B i
e vacuum system t hen repeats t he phases .
teti rw legtion chamber 704 Jf AYilkds Prgsed. howeevsnche @ik volume in
hase It will be noted that the invention may be
aﬂlﬁ preadtshisld $ide wilhbavsareen eedudedtby thetmillR SolueteurTihe barrier 100 pre-
conpletely to the initial state. This mght be in a

Sldad ahéORreaRSr £h BV étbrodsre -(dbatiVe 008/ &nfdddt) within the collection
PCT/ US2007/ 022507 vacuum |l evel is to be maintained in

t BeintHep 264 n% tH VARG 1BY! nﬁ*hggls 3 e bEAHE rigﬁ %aﬁ%fohﬁ? from the

barrier non ESS causes it to nove towar

|n| ot achieving it.
sfshffte 3#% Enihe, SRR Rt e eisey oherd %, Botispressure A
ntan1nat|on barrlers As |nd|cated in the graph of
@feaf?ﬁ, ang the segond dar?ﬁéurad?r yeeasere Withisepressaire equal or greater than
differential pressure, is indicated along the y-axis
(atmosphdricrpeessne withimtheceollgyticnchauber 704, miitkeinghe pathway can flow
(inmllinmeters of mercury) is along the x-axis. The

gtheqithi vaieC Bl 1eGomahe 86112861 EhAfibe? 04 RERhO GolfetEibe container 210,
drawn up to -250mmHg. The

i.e., milk release phase. The barrier 100 utilizes its pre-load during displacement to

pneumatically apply a pressure to the milk thus opening the valve 101 and releasing
the milk into the collection container 210. As the milk is released, the pressure
applied by the barrier 100 decreases to the pre-load represented by the initial state of
the barrier. After the milk is released, the valve 101 closes. The vacuum system then
repeats the phases again through this cycle, beginning with the suction phase.

It will be noted that the invention may be adapted so that the barrier does not

return completely to the initial state. This might be in a situation where minimum
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pressure drop is the difference between the pressure
on the breastshield side of the barrier and the

w@e@sssmes on the punp side of the barrier. 10 A€EUS2007/022507

FREESYTLE curve was made with an enbodi nent of the
invention. As indicated, it had a _pre-load of 4 nmHg,

i vacuum leveldg te pe maintained i thet breastshigld during pumping: hEhe tendency
barri er began to nove. PURELY YOURS, 1SIS | Q DUO and
EbBRé&GETRr ronatlmiess causes itpo athve towardhleat isitiel siats dfibbteadhieving it.
wi thout a pre-load. As can by seen in FIG 10,

FREESYEIG. Wi G§ 4 NgsthpRiseh ©ehdrh o PeaotASRS PEurvBS of various
present invention, had the 15 npbst consistent pressure

d bayJ:i 5 t Y r.ange.

AR RO et Frsy Y Blcadftin o R 411G PO AERLALHIS) across the
d.ared d unt of energy require on t he L

3?%5&% mfnfgﬁ%@?@ Preysess: 45 B lFfrt@f Vg (gy milljeters of

present invention is inplenented. The FREESYTLE

baercuey) and vasyumedide suation (im miHometes efanencyy) lingbngshe x-axis.

m ni mal once the pre-load is overcone. 20 It is

uThegraph detliddistvalues basedan die prBipinSHaiedrawaiupas -250minHg. The

configurations of the barrier that will fall within

t BRsstf@BfopOfs thd %iﬁfé}&%atﬁe@wcenT{h%_ﬁf&%H&f off (e BBAIEide Wie of the
concave and convex does not |limt the invention to a

' ) h 40, on-round barrier is
C AtRE R e Besp el ¥ R Septpa B8 " oo Lor i g

with respect to distance and angle fromthe center of

t he bafp¢ EREE§YAdLk eiree tas made ivﬁél arembedimeniypfsthe dnvegtion. As
herein. It is seen that the objects set forth above,
amdiegtedhio ded agpdeload b AMImPR) 8.0 B 7eqiBreRHdt UBRAAT HOERE0GM before
apparent fromthe precedi ng description, are

efhki tadit Begatd adied PURELY TOURSITSH 1Q DUGNSRE EVRACE are
be made in the above constructions w thout departing

fé&fﬁlglgg«)l ?ﬁidrublts %g% F%Cag?e%tﬁ%d mﬁo&t:}\lﬁ 440 ’AJ (Eami b%l seen in FIG.

i nten at all er cont al ned he "above

d J At d of. shown in the conpanyj] dr awi .ngs .
RS TP hich eagaiet oA aRRUS GBS RESECRLfmsension, had the
limting sense. It is also to be understood that the )
f BPstotansigteat arassuredeon aeresrathd harrierclov éhe entire ofacuume range. This
generic as well as specific features of the invention
hidlustrateclars exdelext, mechanicall transfeat aidenteducdd drheuns o6 pger@f required
the invention that, as a matter of |anguage, m ght be

on the breastpump system, when a barrier contemplated by the present invention is

implemented. The FREESYTLE barrier is most efficient in that the energy loss is

minimal once the pre-load is overcome.

It is understood that there may be many shapes, sizes, and configurations of
the barrier that will fall within the scope of the invention. The use of the terms dome,
concave and convex does not limit the invention to a round barrier. Any shape, e.g.,
non-round barrier is contemplated with material thickness and shape varying with

respect to distance and angle from the center of the barrier to achieve the spring action

discussed herein. It is seen that the objects set forth above, among those made
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15

said to fall therebetween. Wile the present invention
has been described with reference to a particular 10

werwsdsest, those skilled in the art will recPgniUgEm®07/022507

that many changes may be nmade thereto w thout

departing fromthe scope of the present invention.

Ernareyt fravedee pesepdias na@mrspt@nd argaefifigiently tatteined fands since certain
contenplated as falling with the scope of the clained

i chaagtd may bamadein therabbve conktrections wathbaigdephaingdrond the spirit and
-18 WD 2008/ 057218 PCT/ US2007/ 022507 WHAT | S CLAI MED

| §0pé of the'TRVehtioR, PH intedtiedidt ALnaBEr RRAREE e PBYVeldescription
of a punp, as to prevent contam nation, conprising: a

b ti

hglt sgﬂoﬁxg)’ HQHQ g&%m\rﬂ lélhE %ﬁgse H‘%’il‘%e dm%tr}g ﬁfég {l%ﬁ?rgtlve and not in
grel n sal d arr er Chl ves gﬁended state in

r & UBBILESeNge-o d?é ls o &e ?rﬁf@a télaﬁ lgwing ¢laims;3rg infanded to

initial state to which sal d barrier has a preset bias

t epviee allof theogengrie ae wellsasi specibafeatues af theawemtionihgrein described,

initial state in response to the rel ease of said

parekallistatempisiof thd Rop@bfithd aivention thhf) ad a atRAbF ia@buage, might be

device for a punping system conprising: a resilient

MeRPIARA tha¥bdidedh CENter and at | east one concentric

undul ation around said center, said resili ent

L“ﬁ T 0 RShE PP R B SEHETBE P oAb e RrEEl a garicutr

plied to said panel in a first phase noves said
b%z?lbwhmenhttlepsa sitledjin the-are ik tr%aogmzar%at aranyt ¢hangasamay. be made
pressure applied to said panel in a second phase

r thereto svitheut departing frobo tlensdope tafahe grasent indentidie  Each of these
barrier of daiml1, wherein said distended state is

r @EPQIIfeN® dnd variaflis§ thefeBNid dntdAFldted as falling with the scope of the

claimed invention, as set forth in the following claims.

-18-



4. The barrier of Caim3, wherein said barrier has a
bias toward said initial 20 state and after said bias
w0 20080e2¢0e said differential vacuum remai ns BODUB200ME22507
same through to said vacuum at said maxi num di st ended
state. 5. A barrier device for a punping system
rising: a housing, a barrier nenber nounted

co
WHAr[EiIﬁ WJShg; 25 a first state for said barrier

wherein said barrier includes a pre-load; wherein a
pr edsur e A ouavebleahasrieredevies &ui s¢parating parts of sapuing,i assto prevent
state.causes said barrier to achieve a second state

co?tﬁg?nqtlgndqomrg&gd fromsaid first state, and said

barri %fbaﬁ'ﬁér%ﬂlﬁltécp\hﬁhﬂﬁarﬂade?arﬁﬁﬁégaﬁ ¥ £hduRinpakdid BYrrier having
said pre-load. -19 WO 2008/ 057218 PCT/ US2007/ 022507

6. The bar ra diptendedGitatemwBereinhsaid barrisn achipves-saishdisteaded state in
determ ned _in Bart by said bﬁr({{?e%aﬁi n%_ ma(ge of a
resilient M&FE e3P S BIeETRIRAPRALS BrPalf Farrieyan hape of
sai d hafihitial state fo whitH S36 bAHRPhaASS ¥t YbiasCtd FBfukS id) Whefkin said

breastshield; 5 a conduit structure adapted to convey _
pressure arbarrier caehigves said| inisial i state dorrespionse to the release of said

communi cating with sajd condui.t structure; a housing;
a vacuum s@ﬂ%&‘ére@BRﬁ%ﬁoégﬁm‘?ﬁ"Wth sai d housing; and a
resilient barrier assenbled in a pre-loaded initial

st ale betAvb@riepdevice fof a pamPinglsystamysdmprisivgrer ei n sai d
barrier achieves a distended state in response to )
vacuurh Fepigantseembiane havingow centen aed ghiagstoerte fencentric undulation

utilizes sgj re-ho tQ lst. tn transformng fr .

sai d di st e%}e Bs?%{{ie&tqlct)ersgfl@si%%?l Einlzgll mglg’g{aél.e _‘T’m “molnted in

breast punp chamberoydivide Bpidi chaner into Rokaed pattse Mherel® advacuum

vacuum source in comruni cation with said breastshield

via a vacu§fce ggplied to said panel in a first phase moves said barrier into a
distended state; and an atmospheric pressure applied to said panel in a

second phase returns said barrier to an initial state.

3. The barrier of Claim 1, wherein said distended state is responsive to a

differential vacuum.

4, The barrier of Claim 3, wherein said barrier has a bias toward said initial
state and after said bias is overcome said differential vacuum remains about the same

through to said vacuum at said maximum distended state.

5. A barrier device for a pumping system, comprising:
a housing,
a barrier member mounted within said housing;
a first state for said barrier wherein said barrier includes a pre-load;
wherein a pressure source applied to said barrier in said first state causes said
barrier to achieve a second state that is displaced from said first state,

and said barrier returns towards said first state in part by said pre-load.
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a housing having a front side and a back side, said
housi ng being adjacent to said breastshield; and a

wo eaglos2mg barrier assenbled in an initial prepP¢DESA7/022507

st at e bet ween said front side and said back side of
sai d housin wherein said barrier achieves a 20

di stendedhetbatrieriof Glaispdriherein said pagrinadds detaamingd i part by said

ba%lgl gel\ﬁg?rga%@o?g YWifer %‘git Sf%‘l ﬂ1 g %ﬁﬂlhaﬁfon ﬁﬁﬁj{hl%ssh%‘; Vac%@&%mer.

e upon IeT 6ase

9. An inproved breastpunp assenbl y, mhereln said
assdanbl y Aibgagtpurapassembhgicomprifiagr i er | ocated in a
pressure |ine between a pressure generating punp and a
25 br adseastshicldi, wherein the |nprovenent conpri ses: a

housi [ ssure
si de; ry%og{i‘]}s(l]zt:\ptgmbar ri %ﬁé@@pcg)bg?@r‘égsﬁ cg{(gs sai d
housi agoHectivm, contintr bamtrivdicatiny ivith said @hanmestmﬁub,el ng

assenbled wthin said housing in an initial pre-|oaded
st at e adwusBEN said housi ng si des such that said

barri gry Gf'i\?rn%l Hee @ﬁ@uﬁicﬁﬁﬁ&ﬁh@alﬁ h@hﬁlﬁgtdnﬁn toward

said bre e In e absence of’ an appli ed

pr ess urresilie@banier2308MBled 2 & pRCloati (HiiTdl G226 Bétwedh parts of said
The i nproved breastpunp assenbly of C ajm9 wherein
said barri Z\ouﬁa& whespigy SédeE"HTl%‘t %&héeveﬁ ardisipRsied state iy pesponse to

appl i ed vaguumh %%Hléagd éﬁg %Hﬁ}r a#{dcs%l @Eﬂﬂels&il&ef said gre-load

barrier returns towa eupon rel eas

of said appb asxikt watansformidg frémesaiddistendsd stite asdaidinitial state.
assenbly of Caim10 wherein said barrier has a 5

general |y convex shape | east, in part presented by a
conex ba‘%Pieéﬂpgmeéssem@v,|C§mpa§1§éhb| ed within said

housi said bias presses said convex barrier

si de %%5?%5%‘% i nternal breastshield side sidewall

of s aladvahmm isogrce in emirdunioatidnaitls said breadtzhielihda a vacuum line,

O R RGOS ey Pt e cn o
undul ati on sharyredidhitid.tagsur face generally concentric

a resilient barrier assembled in an initial pre-loaded state between said front

side and said back side of said housing, wherein said barrier achieves a

distended state in response to an applied vacuum from said vacuum

source and said barrier returns from said distended state upon release of

said applied vacuum.

9. An improved breastpump assembly, wherein said assembly has a

contamination barrier located in a pressure line between a pressure generating pump and a

breastshield, wherein the improvement comprises:

a housing having a breastshield side and a pressure side; and

said barrier separates and isolates said housing sides, said barrier having a
shape and being assembled within said housing in an initial pre-loaded
state between said housing sides such that said barrier has a pre-set bias
in a direction toward said breastshield side in the absence of an applied

pressure.
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10 with a center of said convexity. 13. The inproved
breast punp assenbly of Caim 12 wherein said internal

whe@asszhg el d si de sidewal | of said housi ng haBCHUSivape22507
that generally conforns to that of said convex

barrier side, such _that said barrier and said. . .
br ed®t shildiedmprepsddreastpump asserlly o4iGlaim § wherein gaid barrier has a

. i al . ' d .
488560 595 o, Mg oY BUBE 8 AL e, s
bairier ecttd towardabid iditial eadepos redée of Said Apydiedvacwumed

breast punp assenbly of C aim 14 wherein said housing

has ,.a vaguum si de_ si dewal | , rei.n, sai d vacuum sj de,
si délal | e 1@RrQye &E@ﬁwwﬁsegl@ﬁas@lm WhGIRIB Sg1d) Rarrier has a

t bd bag ri ugh.: .
PR T g ELAROR Y S P, i
asseuiid¢dawithialshid hoasing\sh dimt isaid foiesi paéssesnahemyak bartiér sidbagainst an

. I nproved hreasi pu ssemhly of Claim 12 wherein said
intg e} r@ﬁstﬂaglﬁéufear o 51;3#105@% MLsaid gl iR 1 i
undul ations designed to provide bendi ng nonents for

sai gobar I ;S’rBQécf‘Bre_fa&pﬁﬁb%{sﬁ‘erﬁﬁ?dofb@[aﬁﬁlef1 TWHRRIS Rafdl convex
di stended state to said initiral state. 17. An I nproved
bapriemsidedfurtberhlmasias easooneaursiusion fonmed indtssurface gene2alyaconcentric
. arri?r Eou ing having an interior frontwall spaced
WIHLAF O ﬁ?@ﬁOﬁYﬁ’%ﬁ or rearwall and defining an
interior space therebetween, said rearwall having a
POri3, a PEHel infiro e BlcBstpinb Mstend¥lyl of @latth @ %_blg:in said internal

interlo[ space |nto_|so qted conpartnents, sal
br¢gatshield sideividayalh of saidrhwiubing desa shashthpegesietailyatonforfits to that of

MO 2008/057218. PCT/ US2007/ 022507 | east. .ane undyl ati on.
safl PR GRREParICS. P Sy b DR 1P i OB TIOR s Sidewall
substatitfally gnt€ RRERIn AiaP&gdgdAédt! er, said interior

frontwal | surface having a shape that generally

mat ches said barrier convex shape in a first state, .
wherldi n sidiedimproeed breastpumpuasisembly ef Claime 13 swherein said barrier

becféc{ang(i%sgll_nveex{]e%al esgl?lrzltisté’}ﬁldteﬁ st%?el.d barrier in said first

15.  The improved breastpump assembly of Claim 14 wherein said housing has
a vacuum side sidewall, wherein said vacuum side sidewall of said housing has a shape
that generally conforms to that of said inverted barrier, such that said barrier and said

vacuum side sidewall substantially mate when in facial engagement.

16.  The improved breastpump assembly of Claim 12 wherein said barrier has a
plurality of generally concentric undulations designed to provide bending moments for

said barrier tending to return said barrier from said distended state to said initial state.

17. Animproved pumping mechanism for a breastpump, comprising:

a barrier housing having an interior frontwall spaced apart from an interior
rearwall and defining an interior space therebetween, said rearwall
having a port,

a barrier mounted within and dividing said interior space into isolated

compartments, said barrier having a generally convex shape with at
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a source of pressure applied fromsaid port to said
interior space to nove said barrier, said interior

w0 e@smai2is sur f ace having a shape that general | pPCTYESNEE22507

said barrier shape in a second state, wherein said
barrier has been noved by 10 application of a
pressure f et sened upfelauon dosped cenerallin sgiadlyf ispased from and
state 1o a Saeont Sl fhe ARt SPlfl apEd er becones
state,

deformed in sai d secon erern said interior

rear wahid Hit¢ricCRonmtvallnsirfiee Haviigoa ABaF thatl ddheradlgti Matches said
defornmed barrier in said second state, said barrier

bei ng nade bgfrie qoayex ishane inne dirstaptatghivdigrdin said interior frontwall
conbi natio it h o rrier..sha causes. sai )

par i o to PR A Fial EnaeEnligt SPEPutRE RERIG T st
first asdoate® ofi préwiute pphtd FAACQIVPON 16 B4ld iRleAaSEHadé to move said
said pressure., 18. The inproved punpi ng nmechani sm for

a breast pul3Té, cl ai m 17, wherein said barrier has a

forme | ' e itiqn, . .
and e RSP teafIY Siteb¥ pifial o SRR b CEEATT e Gbs said barie
cannot reachapgaiitl of e¢osRd std18,p hefeirt @BMEKarkigr ihas Heefidhbved by
first state, such that said barrier is pressed agai nst

sai d housi rfgPh¢asienod il pressuseairem fspidspressyteatoarcefoom said first state
br east punp S Iy SJ. DO hi i £ hin

whi oh 5 wortar SAGhd SBRTRRN StOhaBel bEAME Ufanel! Nt second
cont ai ner fsaite, extierein Said imetiss re2fwall sefeEn i facid @Hpgdpenint with
nmechani sm nodul ati nqg said source of vacuum a vacuum

condui t st rsa@tdﬁf@ns%ib@ﬁlegém%%ecan@a@mm from said

sour C%afdooai“t"i‘ér%egg {Tﬁﬁ% ﬁph‘tf'ésglienl@ n{a(?%iall Wiidn Placgorrﬁb%atlorlll with said
sai d vacuum con structure located I n cloSe _
proximty tharric3Ghsi chubsseakit inliel td reta fomaald REolPitag to said
mounted wthin a housing, said housing having a

br east shi elfststaie Wahgutassigianesipondbe releaseiobsai¢ pressure.
separating said housing sides, said barrier having an

out g1 SUrfRGH AR pumping mechanism for a breastpump of claim 17, wherein

said barrier has a formed shape of convexity in a demounted condition, and when
mounted within said housing said barrier cannot reach said formed shape of convexity in
said first state, such that said barrier is pressed against said housing frontwall in said first

state.

19. A breastpump assembly comprising:

a breastshield within which a woman’s breast and nipple are received,

a container for expressed milk,

a source of vacuum,

a mechanism modulating said source of vacuum,

a vacuum conduit structure which conveys a vacuum from said source to said
breastshield,

a resilient barrier in said vacuum conduit structure located in close proximity to
said breastshield, said barrier being mounted within a housing, said
housing having a breastshield side and a vacuum side, said barrier

separating said housing sides, said barrier having an outer surface and
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-22 WD 2008/ 057218 PCT/ US2007/ 022507 an inner surface

formng at least in part a convex shape nmade to give
wa@adod/obans i er a bias toward said convex shape MMIENS2007/022507

returning froma distended position to a rest

position, said housing having a breastshield side )

i nternal siaBdnRer sutfaed foyaeg af legstdn prBragonvex shape made to give

barrier Cony X%&iéﬁ“ﬁ‘%?%o{b“ﬁa% Qaiﬁuéogl(/e)?‘ %ﬁéﬂp\ghﬁ{ rgtﬁl'nﬂlg from a

barrier, sal arrier Delng nounte I N sai ousi ng

I n a mannerdisiiried position Golh @¢st pusifias, sailf hddsing Haoimgexbreastshield

shape is closer to said breastshield side internal

si dewal | ofsidsaingerpal sidanpll thehgercipldy cerforp® 4o spignbasrier convex
Z.a' d barri %ﬁaﬂ@&ﬂ gaé&’ LORE Wirtheealf G4 b&ggﬂ s%ilaar;arﬁigtaﬁe‘i*ng mounted
ias presses sald barrier against sald rnterna

si dewal | fan said housingain a Manperewheradailoostet swfacefofssalddconvex
barrier. 20, The breastpu aim 19 wherein said

np of Caim] : . ,
barrier hashape isgloser tgsaid bueastshigld sde mserpalpidayadliafispid housing
radially s ed: ' .
of said part £id FALbAof BPERTbRr S0 oPRUEERIGN, such tha
si dewal | ofsailebiak presses vgid bartien @gainstisaidaiatensd afde wall For an initial
that generally matches said barrier convex shape on
sai d out er Pseriqadcendigpn ghsard Barrier.er such that said
barrier substantially mates with said breastshield
si deygi nt efRal sl Al i ' i Nty |
ai @O 1 ni VeapArBENBLoF TahP IS WhelsfF! Gl BRHRIRRTh st one
undélatibraformz geheakly radialycspaesifiomsind eonhcenkricdatsoud the center of said

rearwal | 20 surface having a shape that generally
baﬁtﬁrch_es said barrier shape in said distended position

uher elsgideslishild sk iRmaP SRR bF dailbhoBARE hedhh AuPace shape

sai d vacuumtrom sald source from said rest poSition

and has bedhateedefally mexdchien ssidi thridérsdiommebe shape sint saidhputer surface

such that said., deformed barrier substantially mates | )

Wi th said e bamies sk dhek sad; brrierc sihsaatially jmates with said

faci al engagenkileld ahilrrdi S edurdicatif- ‘e

br east purrpqgsselartﬁ(%/ﬁ\ﬁi cﬁml S%P%togs parct@slﬁg?&?h%%g%ér%npem in said

i n a vacuummitiahgre-load condition.

21.  The breastpump of Claim 20 wherein said vacuum side includes a rearwall
surface having a shape that generally matches said barrier shape in said distended position
wherein said barrier has been moved by application of said vacuum from said source from
said rest position and has become deformed in said distended position, such that said
deformed barrier substantially mates with said rearwall surface of said vacuum side in

facial engagement in said distended state.

22. A breastpump assembly which isolates parts of the pump in a vacuum line
from contamination, comprising:
a breastshield,
a vacuum source in communication with said breastshield via said vacuum line,
a housing having a breastshield side and vacuum side, said housing being in

communication with said vacuum line; and
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fromcontam nati on, conprising: a breastshield, a
vacuum source in comuni cation with said breastshield

wQ r@8/si2a8 vacuum | i ne, a housi ng havi ng a br eeSt/Fk007/022507
si de and vacuum side, said housing being in 30
communi catjon Wth said vacuumline; and -23 WO )
2008/ @5testlignipbarigspavng or fuoy withr & dirst] siface Ahat jigrat least in part
having a f it h hIS u e th ' | gast. in
part gencishilthcadnie” and HaBiE A ihaisdudled A3k bent o

dome hei ghtm@Ssured & aefdsé firbail dasetd sHid Fidt GuFBe shid resilient
said first surface, said resilient barrier being

assenbl ed ibarrigsi keingoassemyledningsajch hewsing in 8 apanngr o sepkrate and

5 thereby igsal | d_.housing sides from oneg another . ..
and in an itﬁ?rF @a?‘m%ai? g?@%autswgam% ef??%a(algda%) eai%dolﬂ an initial
wher ei n - saisthtd dithiaepre NeledRoadiienMheftin sidBaiRt 85 an assembled
that is I ess than said unassenbl ed done hei ght. 23.

The br east (ioms heighé that {5 less tiumsaid prasogiabled dome height.

barrier achieves a distended state in response to an

applsyzed ' 4 o | ] .

ar Aor 1oL et SEAE oY MR 42 Pl SR Yt goieves a
disterided astats tintrespopsen to' @h eppledvaqaind froap ghidechcuamusoiirce and said

24. The byreast punp assgn‘oly of Claiim 23 wherein said )
baitier ptlgnr Framesdd disended e bask Whsid ikl Heterypn release of said

i SEVR of said breastshield side of said housing in

apélél d |Hu%1i al state. 15 25. The breastpunp assenbly of

Claim 24 wherein said barrier has a second surface on

an @dposiThe seaepungp assenhbiyi OSClﬂerhwhereMQid!ifmstlsairfdce of said
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25 wherein said barrier has a generally 20 convex

shape and | east one undul ati on forned generally

radi2al | y Thedweastfungprassemibly of Claim 24 wherein said barrier has a second

surface on an opposite side to said first surface, wherein said second surface of said
barrier abuts an internal sidewall of said vacuum side of said housing in said distended

state.

26.  The breastpump assembly of Claim 25 wherein said barrier has a generally
convex shape and least one undulation formed generally radially spaced from and
concentric about a center of said barrier, said breastshield side internal sidewall of said
housing having a surface shape that generally matches the shape of said barrier first
surface such that said barrier in said pre-loaded condition substantially mates with said
breastshield side internal sidewall surface in facial engagement, said vacuum side
internal sidewall of said housing having a surface shape that generally matches the shape
of said barrier in said distended state wherein said barrier has become inverted through
movement from said initial state to said distended state, such that said inverted barrier
substantially mates with said vacuum side internal sidewall surface in facial engagement

in said distended state.
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barrier is pressed against said housing frontwall in said initial state.

32.  The breastpump assembly of Claim 2, wherein said barrier has a formed
shape of convexity in a demounted condition, and when mounted within said housing said
barrier cannot reach said formed shape of convexity in said initial state, such that said

barrier is pressed against said housing frontwall in said first state.

33.  The breastpump assembly of Claim 5, wherein said barrier has a formed
shape of convexity in a demounted condition, and when mounted within said housing said
barrier cannot reach said formed shape of convexity in said first state, such that said

barrier is pressed against said housing frontwall in said first state.
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31. The breastpunp assenbly of Caim1l, wherein said
barrier has a formed shape of convexity in a

walesmsost2egl condi ti on, and when nounted w thi n B&i/ds2007/022507
housi ng said barrier cannot reach said fornmed shape
of convexity in said initjal state, such that said 20
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that said barrier is pressed against said housing
frontwall in said first state. 25 33. The breast punp
assenbly of aimb5, wherein said barrier has a forned
shape of convexity in a denmounted condition, and when
nmounted within said housing said barrier cannot reach
said forned shape of convexity in said first state,
such that said barrier is pressed against said
housing frontwall in said first state. -25 WO
2008/ 057218 PCT/ US2007/ 022507 34. The breast punp
assenbly of Caim22, wherein said barrier has a
formed shape of convexity in a denobunted condition,
and when nounted within said housing said barrier
cannot reach said fornmed shape of convexity in said
initial state, such that said barrier is pressed
agai nst said housing frontwall in said initial state.
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