WO 2008/ 057218PCT/ US2007/ 022507 SELF RETURNI NG CONTAM NATI ON BARRI ER
FI ELD OF THE | NVENTI ON The present invention relates generally to
cont am natwonodsasraiers for punps, 5 and nore parti cul adyus:2m7enso7
aspect to a breastpunp assenbly including an inproved barrier to
prevent mlk fromentering and possibly contam nating a punpi ng

mechani sm for the br easi%aﬁrgﬁ BACKGROUND OF THE | NVENTI ON Br east punps
are wel | known, and g&K ?WG@HTM@H‘%F‘IQNW fits 10

over the breast, a vacuum punp connected to the hood for ‘generating
an intermttent vacuum (or negative pressure) within the
breastshield, and a receptacle for expressed m | k. Negative pressure

IS pressure [MEDD OFTTHEEBNVENTIOdNUre. The intermttent suction
action of the vacuum punp serves to pull on the breast and nipple and
t her eby express mlh& preFerg inygntion selatesrigénerallygo cahlapidtiondafricomfor lpemps,
hood, through a conduit 15 structure and into a collection

cont ai neg, suanhmese partiaiiyrlibint deaspdedto Shreasugenmpidethbly énicludigg an improved
Breast punps can be manually or electrically operated. Wth nanually

oper at ed punparriet e PrewgitNBiilACHLAN eht&nﬁg)raﬁdb% oskiBBi RbMEMAIAalfg B Pufipfiy
or | ever by hand, or conpressing a flexible bulb, as shown 1n

Medel a's U. Smclghlgﬁgn@ﬁ;rltmrmt pungP 2004/0039330. Wth electrically
oper at ed punps, the punping actl on generated by a notor driven punp
and typically conveyed by an air hose or air line, that connects to

t he breastsh nst ances, the pressure
applied at tFi(gK eas |s]yz(a) nrgldlgtlve presyure (suctl on). That negative

pressure is typi cBkdaytpapph hRdvdlikrohd, Addt Rhéally BSmpiie atosast ghéiekicht fits
10 over the breast, 2 vacuum pump connected to the hood for generating an intermittent
vacuum (or negative pressure) within the breastshield, and a receptacle for expressed
milk. Negative pressure is pressure below atmospheric pressure. The intermittent
suction action of the vacuum pump serves to pull on the breast and nipple and thereby
express milk, The expressed milk typically flows from the hood, through a conduit
15 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.

20 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



WD 20081057218PCT/ US2007/ 022507 in a singular fashion, that is,

wi t hout any kind of differential vacuum application over the

br east shi eWwd 2am/0a720l €. This has ordinarily been done gdwwrigl/oaeso?
cyclic pattern, e.g., intermttent suction. Breastpunps of this kind,
which only pull and rel ease suction,- are_known as sinple punigs._
5There are als®siBgdasiaphiondhat inwithew apy kindaf diffsrential vasuameapglication over
positive pressure, typically applied to the interior of the

br east shi el dthekbreastshiedd epamhele. plhipbas drfipaclkyl begn danesthoongin apeyefic phtsin,
generates a positive pressure, (pressure above atnospheric pressure,)
assi sts in fenggiingrhinenexpLion.s Breastpumps hafothihkiad,vehick aiig pulltand trblease
col l ection container. A breastpunp of the foregoing type is shown in
U.S. Patent gsidoloare fndayaObdple uinps.sson, t he di sclosure of which is
i ncorporated herein by reference for further details of a breastpunp

assenbl yshi N gener ghere are alsopﬁ’égsrtﬁl.iﬁﬁ:sp{hﬁtsﬁ r%f ag 1 et Eﬁsé{@é Vi lack’faés?tﬂc

used with breastpunps, to assi st nove reast m

t hrough the conduit, stracture and,into .the ttle. I unpi n

the expel | od PR PIEa EReaR, s ah@abt 5e 8% biefsabt. R Y ifplex
back and 15 forth,gi n the air hose, and to and fromthe breastshigeld.
Some br east p&HYES-u H"‘Qaﬁ]é{v"i‘ Yaruump tBeneratey g ROHEVePressiigs ipgasere abqvs
separate the mlk and air Sai r being the working fluid), but these
br east punps AaHeospharisPresae;) assists irpfosging e expigssep anibly theonghta) wiveadndtinte
breastshield in use may be thereby limted. Oher breastpunps use a
filter, for theamvbaion doy@mephdireasfphinperf thet forqgoimgeype inishdwif mdihS. Patent
entering the air hose and/or punp. 20 That filter can becone

saturated, st 4;86%08DwnLaasson; the distlosureisf which s iCorpbratdddreinby ff@bnce
periodically replaced. The objective of these efforts is to isolate

parts of the fdrfedisdridetals bf DbredbtpuinPdss@hBIIn denéital. ds/ bact eri ol ogi cal
material that would constitute a contam nant, or foul the works (such

as m Ik finding i besit@ypl@uld6pde R VHGHHAeR Hhod g&himé&s{g%%,p%ﬁﬁggt in

settings, for another eXanple, it esirable t ave
et the purp issehal ok e thearr R el ie oA AR R SR B BE Tl Mol
pumping, the expelled milk will ultimately be separated from the air drawn back and
15 forth in the air hose, and to and from the breastshield. Some breastpumps use gravity
and geometry, such as a splashguard, to separate the milk and air (air being the
working fluid), but these breastpumps are often difficult to clean, and the orientation
of the breastshield in use may be thereby limited. Other breasipumps use a filter, for
example a hydrophobic filter, to prevent milk from entering the air hose and/or pump.
20 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



Some conventional electric breastpunps al so use a noveabl e, sonetines
col | apsi bl e, nenbrane or barrier, that separates the breastshield

(i ncl udi ngwoabssaps721® from the punping _nmechani sm Duri necTap2o@iobzng
two pressures are realized: a first pressure on the vacuum si de of

t he nenbrane, or ng vacuum_ and a second pressure on the

breast shi el d tEpgferrest stecEIptiesh /et die DitaR Steshanisny remang folatdefromcenem
punp conmuni cates a negative pressure to the nmenbrane via the air
hose, such t matherietheinextt pressure is greater than the second
pressure, or in simlar terns, the 10 punp vacuumis greater than
the breastshiel d $emeuwvsnvdhionaldelbéteie citedsipumyps clliomiean sasvdable, sem&imde
to collapse or nove. A problemw th some conventional breastpunps of

this type is chiapsibld)SnéfFbraNeA0L biikr, \BAt fePhidfed the bR@stRblH @Achﬁﬁ@gt €al0&)
position, i.e., it may end up |ocking or buckling. This type of

breast pump 9eREG! fe ?ﬁn{tpﬁlgﬂ!hl'éﬁ%nﬁnpOﬁhﬁ%%@?&tﬁgsﬁ&ecﬁglfegs%fgste@@reaﬂléﬁd a ﬁrst

breastshi el d side rane to rane past a | ock

buckl e poi nt pi'ég Lﬂéqﬁ'\rﬂfe arcﬁﬁrﬂwde Bf 1r_lmetgrfthe n coI L@ sed

state duri ng reast u

PPRR eg’0| g tsﬁf)oél:
h . S. 1..84 H
Lheen typee iR aL bs?ﬁaisgﬂegiaﬁeﬂagg AR B DB BRGR. (o

and breast extension hystere3| s do not ensure that the nenbrane
returns ful | y3¢8TRBHYR ComppicAten g ceyiveysessere 9o sheemembrase tvia the air hose,
assi stance of a EOSI tive pressure. Some conventional manual

br east punps &hehcthatrib¢ ﬁwépeesw 18@@t¢slt@nhe sasorbpressueayior tnsmillcternig thea
significant energy loss in "transferring"” vacuum fromone side to the
ot her. The mpoimanvacem de gféatari thad tlecbesdshidld vaeuum. e rThise diffetentian estdsm
dramatic i nprovenent. WD 2008/ 057218PCT/ US2007/ 022507

Accordingly, causbs @Rshietibeank @t cIIRICES ndive.€l A NErORERSWRR NoAR! dbalbfidnhlN
the upstream punp air line and punp by isolating the pressure source

fromthe expheasgtmps b#tulsst;&ie% 'H?a%’ u{eom%eﬁaﬁ&}na hn%t BN RiBY Sale or

damage to the punp nechani sim nore ener I cient punp
system t hat for 5vacuum conmuni cati on
is also hi ghiﬁégg%@il' ﬁg@‘ﬁ?ﬁ?ﬁéﬁ%“%@&@ﬁ ENTI ON

This type of breastpump generally requires a positive pressure from the

br eas

15 breastshield side of the membrane to push the membrane past a lock or buckle point in
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

20 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.



The present invention, in perhaps one of its broadest expressions,
conprises a barrier for a punp or a punping system that separates
parts of twe 2pesrp72edi | e transferring a pressure change romvisse7iobesor
barrier. When a pressure, as froma vacuum 10 source, is applied to
the barrier, the barrier achieves a distended state and when the,
vacuum i s rel easedccidingly, & brapstpumnn hahrefysssherr ¢lanipates soptamingtien in the
barrier has a natural bias that returns it to an initial "pre-|oaded"
state. This agpsteamoppeenat lineand puenpiby isglagigthd peessire sgtreepfvem tthevexpressed
pressure fromthe system and the breastshield side or the downstream
side of the itk isedesitededoagroteet the ubdrend pedveftadamage ol theSELmi fechanBASA
is 15 wused herein to describe the pre-set tendency of the barrier to

try and ret UrfichGndrBiefereickioknt plibSystem thatAsés"OHBVaRERRATbIRR AL for
the present invention discussed herein are directed to breastpunp

systenms,git iSg. E&%&ﬁ&a@i@nﬁ%%o Mgilg%gﬁqragfeher applications for a

self-returning barrier exist r e, In a general sense to
simlar punp systens. This 20applies to other attributes of the

i nvention as I j of the present invention is to
provi de a selswwm(agm#m‘ﬁgt@ﬁht hat a source of positive
pressure from t he TRy RResér idRhtidie %'{:érﬁﬁastoﬁe 0PIty brdadEeRESTORS, cbRptides a
initial state froma distended state during a breastpunp cycle, an

d
i ahly. ef {1 claner hn ooy e Ranie oftoph ok FhepRard, OF (REplunf Iy

i i . d i d b i al
D 068! 05721 srcartRiE S s ke ol e bider, Whey & presrie. a5 Siom g yasum

size, apd the vacuum l.evel of the Qunp; .but in any of these systens,
di 5pi acBirent SBHCEHa SPREH 18 A bty s RGO b fisguisdcbitt Aad i ti
punp vacuumis greater than the breastshield vacuum i.e., there is
energy | ost VACWIHbISFEA®RA: ¥aBY @ reipste atraesphericuRIAFITee theobnaries hes agpturde
bather to the other. The present 5invention achieves a highly :
ef fici ent nedkarihaaetums dntofasyinitial “pre-loaded’ yeatee (This adivantsgeosly emt acheally
barrier acts as a spring in a preferred form The barrier geonetry
mai nt ai ns a lyiel apslighy positiee psand flioni drt syseni agd fler brasdddeld nadt dntie
the barrier returns the barrier to the initial state, and further can
assi st in thdogngttat 9de Of theibakick et té thealpéReadn daduliOscareep! FBRET RN

cont ai ner.
15 used herein to describe the pre-set tendency of the barrier to try and return to this
initial state,

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

20 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 retumn 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

25 force required to distend the barrier of the present invention is determined by material
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10Anot her object of the present. invention is to provide a barrier
with a pre- |oaded residual force when assenbled. That is, the
barrier iswoangressed along a central axis in the assendegk26d7abB07
The barrier is thus pre-loaded, i.e., biased when in this assenbl ed
state. Yet another object is to provide a self-returning barrier that
returns to afORSYuetion, brepsyshieldsizes brgast size apddhreasugmdevel of the pumpsfout in

time frame, i.e., 150 mlli s.econds or | ess, wi t hout assi stance from
the punp to ehepbthgse systemerdisplaosingitzaf thbarger teaplistcided siateanquites that the
br east punp system Anot her object of the present invention is

to provide apbhmphatuingis gedterttharpthe theasthitlde apuim, i.eq3hdré (9energy lost in the
contam nants or the |like that could otherw se pass. 20Yet anot her

aspect of thencRh@s@NtrahshrOTvh@hint fFomCnRsRii diehebardrito HRL thét Mhe present
barrier that collapses uniformy as well as returns to an initial

state ury T of fhtnidiiRnRALLd ghl?fefﬁé?&tﬂ{e@ﬁﬁ%l lhiggRt Ton ther eby

elimnates the need to app orce to nove through non-uniform

states, such as i o souckl e condition of t.he.priop art. T
barrier of the prglslgﬁ%()%%ﬁr\yeorﬁtﬂ?eolﬁvlmg ﬁaggr %{:?scgrarsggggggaﬁrggeﬁrggﬁfwo €
revent it from WD 2008/ Q57218PCT/ US2007/ 022507 .1 ocki ng, up or, i
Buckl ing. | nOBWE" EETRIDHPANGES ROV PERETAL S ss“%}?éenbﬁprl‘%%@rcﬁﬁﬂﬂg%ﬁdi 1819s
in the bather that are generally concentric on a convex surface.
During col | apf§ebasier setuims thsniamierde the 1pitial gateaand darthes can 3ssisiarthe eipulsion
the present invention in a preferred formnever |ocks or buckles,
even during of milivroughcavalvdand in® a delegsiomsontaineum r enai ns | ess t han
t he breastshield vacuum or when the punp vacuumis equal to the

br east stti el d vacudmothkt kijestse, the fpeedontr invertionfis ttd rguides & Harrien waith & QiRe-
never | ocks or buckles during return froma distended state to an

initial statgadedesididl foiee When aisemUIEAL aTHEe Is, WHE BarkiBe isVamyptiastd SRAY e
is greater than the breastshield vacuum or the vacuuns are equal .
central axis in the assembled state. The barrier is thus pre-loaded, i.e., biased when in
this assembled state,
Yet another object is to provide a self-returning barrier that returns to an initial
15 state from a distended state in a brief time frame, i.e., 150 milliseconds or less,
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.
20 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



10Anot her aspect of the present invention is to provide a
self-returning barrier that works with manual |y operated as well as
el ectri calwp opasatied breast punps. Furthernore, a sel f-FeEiug2007m82507
bat her is provided that may function with conplex electrical punps
providing a negative pressure and a positive pressure, and also wth
a sinpl e pumpegkingurriycldingy Imerglorm dhip secsratycompriges®ng enmoregindulations
at nosphere). 15 In particular, the barrier of the present invention
does not requi the bagier dtatare gefiaralin coneenticenuacpurapsurgeh as t he
positive force of air, for the barrier to returnto its initial state
during a breast puiburiay cbkapsd beadhtwsmenti of aalislernided etatenthe barter o8 tHel presentf
the bather itself returns the bather to its initial state after a

suction phasgnvehflodint oféred B fERE locksh? bREIESE Béenl RAMBH Lir@instahcés when
novabl e barrier for 20 separating parts of a punp, as to prevent

contanm nat i ofd Pithp! VAN SRS 10K hal 4R GBS Sabludnl) $r RiHeh! BE Ao
assenbl ed as to poSsess a pre-[oad. en a vacuum source i s appli‘e
to the bat her e. i achi eves di st ended st at.e,, and n the
vacuum sour cé’a?u'tsug} le%)gi“;aieg‘,; ﬂfehbére?gs re’lld’grV NG e EYTVATY b‘es'%ﬁr?qrr ‘\gﬁF LY
an initial state.. Thewgre ent .i nventi on, vvitt}_ appl ',ca‘tgjtegn toa .,
breast punp adRERHPR, neyes docks 25 &} dping eptury o @ distenged fate, to, an Apjtial
coll ection container (bottle). Aresilient barrier WO

2008/ 057218 PEireSyen Ann B Fircumatanceptythsd the vacupmepressiteeis greater tham the
in a housing, which is located in an air pressure line, typically a
vacuum | i ne. bwiastshigldwacuumnot the spywhinedre aghal. bat her achi eves a

di stended state, and when the vacuumis rel eased, the barrier
utilizesothe pre- lAmathensspactsgllthegresaitiinvention #SHi Fbvide atsepahing Begriéro
its initial pre-load state. 5In another aspect, a breastpunp assenbly

has a cont amitatweRs Bal kRhudlgCaiepted As Avaliagd dIRttricAll, BEEURE DréaskARIHYM
punp and a breastshield. A housing has a breastshield side and a

vacuum si de, FahR&@mord, o S@flrednfinfAg  ler &S BOAUTAY EEP,SMaian@Rﬁrc%gﬁ)feg :

and isolated fromone anot her by the bather. rrer 1s asse
\tl)ma: Elep ng 2%%?%@91 ﬂl&p@'ﬁf&\%]h@ Qheéﬁﬁi@é bﬁ?ﬁ?edmﬁta%o‘zitﬁg %Ir%sgur}&tana %fsg with a
simple pump providing only negative pressure (and a vent to atmosphere).

15 In particular, the barrier of the present invention does not require assistance
from the vacuum pump, such as the positive force of air, for the barrier to return to its
initial state during a 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

20 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

25 breastshield, a conduit structure and a collection container (bottle). A resilient barrier
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10 toward the breastshield side when-.no vacuumis applied. Wen
vacuumis applied, the barrier achieves a distended state, and when
t he vacuunwp=ossgs®agsed, the barrier returns to the initREA/USENS2507

I n one enbodi nent, the barrier has a generally convex shape at | east
in part as presented by a convex barrier side, and . is assenbl ed
within the fdf&gonied Worreiepdsd condiiontn p hppsings Whichis losated in anaitspssus
barrier side against an internal breastshield side sidewall of the
housi ng i n t figei fypically asvastem lifise Wbaw axvdsanmiierappliefle theabarsier achégyes a
one undul ation fornmed in its surface generally concentric with the
center of thdistmdudsthteyardfwhdnahdedcninris releasal, tediarrier afibres ekt frodend e
internal breastshield side sidewall has a shape that generally

conforms to tshaig Lbioh BLassidM SandTaimiheto ity iflRial HrEIéhdishad, t he bather 20
and the breastshield side sidewall substantially mate when in facial

engagenent (in the, Lﬂgﬂﬁér%%e@fﬁ.’ﬂr% um %‘%nﬁ%ﬁ%@%ﬁ{%;ﬁaﬁon ban‘iér'}octagg

foregoi ng enbodi nent, the barrier Decones Inverte er vacuum an

fornms anot her. ge ly..C hape when di st ended .under, acuum, at

| east in parth %a%%%%s%nﬁt Be)eg‘xg%l %nguﬁlg‘wp}nﬁgiaﬁé-%g{e&%gw g'r éi\&t%s‘flgn hey
di stended state. vacuum si de 25si.dewal | has .in_ this nost preferred
form a shap&r§epishieldads 9"6‘6\1}@0?‘&%%‘?9 "teEFé'iedd? heyein awc“m% pump side,
20081057218PCT/ US2007/ 022507 di stended barrijer sjde, such_ that the
barrier and teRarajed audnisolaipd Gpacng| anothgp &y dhe bamiey ke dayrs s japsembled
faci al engagenent. I n anot her aspect of the present invention,
the barrier dthimthsl bousingtip @f intisl @reddaged statsesvch i thatusaitlbarvienhas a bias
designed to provide bending nonents for the barrier 5 tending to
return 10 om aowhrs ttienbresstdiicld eide when noniatuuah istpplied. When vaswanid apphied;d
with stretching of a barrier of the prior art, rather than bendi ng.
It is yet andidpdriadaaitlags ditentie st aRIMvhéMiR Nab@iin iPreliasddl R Bhrrier
br east punp assenbly which isolates parts of the punp in a vacuumli ne
from cont am paLIQ® the WahaldBdet Wween a breastshield and a vacuum
source in conmunication with the

In one embodimerit, the barrier has a generally convex shape at least in part as

presented by a convex barrier side, and is assembled within the foregoing housing so

15 that the bias presses the convex barrier side against an internal breastshield side

sidewall of the housing in the initial 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

20 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 distendeéd state. A vacuum side

25 sidewall has in this most preferred form, a shape that generally conforms to that of the
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10 breastshield via the vacuumline. The vacuumline is in

comuni cation with a housing that has a breastshield side and vacuum
side. A rewol2@us7harrier having a formwith a first swdmsoedhatsoi s,
at least in part, generally donelike with an unassenbl ed donme hei ght
as nmeasured froma base of the done to the first surface. The .
resilient bardisteded bargersiday sech thy thenkarrigsaad thy vaauum side sidewalbsubstentiadlye
and thereby 15 isolate the breastshield housing side and vacuum
housi ng si de niate wher inifediallengdgstrentni t h a pre-| oaded condition for the
barrier. The pre-loaded condition of the barrier has an assenbl ed
done hei ght that s ahether hipact bheheuprsaeiiventosomne hefighkas a plurality of
Furthernore, the vacuumrealized on the breastshield side follows a

general 'y ongehdal @nt@itdd inkitsatoRs H@sléﬁle:& REpry @ BAdRRIhb RO Por thiEbarrier

vacuum si de, after an initial 20 | evel of vacuumis realized on the

vacuum minD 3fiel @ R G3HP, WilrBE bR HORM! LR, . THE i Udda@bq with

| evel of vacuum to overcone the pre- condi t1 on can

oi 110 ent vasttigits afe Pfler SR Biord plitt Bl S80ne’ o7 oyoi ng. © |

enbodi ment can fugther include a mlk conduit structure i ch conveys
mlk fromthe bredstIft %‘P"&hef&g‘é\anﬁ@@d’?tﬂé‘i Rr&peny iny eBUQIL 0RO WHE AEF2SHHEP
one-way val ve between the catch chanber and WO

2008/ 057218P@scusioslichispkies perie oliha pamp é a vauyamyinerfram contgraination, such
returning to an initial state with a predeterm ned m ni nrum anount of
mlk in the eatbdtwednambbreastghieldr atdes aacunmc sewsednpe@smunieation With the
catch chanber relative to the container so as to open the valve and

rel easetm | k breastshiieMevia ithé @aéiven tiaat aiteevacubdhi@geis nogeihedicatiohhwith a
ot her objects and advantages will be further understood in the

details of theuhsiat HE & BR:adtSilelaRdePdnidOvhcRim tshiR. | AMBALidR Bafier ¥Hifg a
fully hereinafter described, reference being had to the acconpanyi hg

OS5, oAt U R i Lk P TR G Sy
1 Alis a perspacthmed ﬁbrﬁg\’hgirghf’iascﬁgésﬂfgd%nil Q%ape%{ lghg rdo%nré 1§ tﬁer Tret ssl;[r aE;g.
The resilient barrier is assembled in the housing in a manner to separate and thereby
15 isolate the breastshield housing side and vacuum housing side in an initial state with a
pre-loaded condition for the barrier. The pre-loaded condition of the barrier has an

assembled dome height that is less than the unassembled dome height.
Furthermore, the vacuum realized on thé breastshield side follows a generally
one to one relationship with the vacuum applied on the vacuum side, after an initial
20 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

25 container via a catch chamber and a one-way valve between the catch chamber and
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according to the present invention; FIG 13 is a perspective view of
the bather of FIG |Afromthe other side; FIG 2 is a side view of

t he cont anwoabesmszharrier of FIG 1; FI G 3¥ctres2a07foeesot
si de perspective view of a breastpunp assenbly according 15to the
present invention; FIG_3B is the breastpunp of FIG 3A fromthe back
side; FIG 4 thesceaipstp| blgebarper $ipee tetoming ©varf ingial isiate Mithrat prsielermined
t he breastpunp assenbly of FIGS. 3A and 3B according to the present

i nventi on (winihoutm tmeudef mikk)in the Gtchsharbangexplos da dnopeassdpressusecin the
view fromthe back side of the breastpunp 20assenbly of FIG 4;

FIG 6A is acaicHehahbay efativd1é therdoaaindfté af tdoapehi e valve kh&reldask Mnikk to
pre-| oaded state according to the present invention; FIG 63 is a
side view Si Hahv@dlintbhd Stk F1IG 6A with the barrier distended; FIG
7A is a side sectional view of the breastpunp assenbly of FIGS. 3A

and 253E; These, together with other objects and advantages will be further understood

in the details of the construction and operation of the invention as more fully
hereinafter described, reference being had to the accompanying drawings, forming a

part hereof, wherein like numerals refer to like parts throughout, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

10 FIG. 1A is a perspective view of a contamination barrier in a free state
according to the present invention;
FIG. 1B is a perspective view of the barrier of FIG. 1A from the other side;
FIG. 2 is a side view of the cdntamination barrier of FIG. 1;
FIG. 3A is a front side perspective view of a breastpump assembly according
15 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
20 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

25 3B;



WO 2008/ 057218PCT/ US2007/ 022507 FIG 7B is a sectional view of the
breast punp assenbly of FIG 7A. FIG 8 is an enlarged sectional view
sim |l ar towbhedsnsef2181 G 7B in one phase; FIG 9 is a seaafiyosrad7/oeisew
simlar to that of FIG 8 in another phase; and FIG 10 is a

conpari son chart of performance (curves) of various nenbranes. 5
DETAI LED DESCRI PTFH s aNeetionapisrd thepbreppipumpessrmblnef FIG. 7AAl t hough
the enbodi nents of the present invention described herein are
directed to breasFHarfisas selatged sepfiona ivigw similettoitlat bAEIG Bt inoué phase;
environnment that the invention finds its origin, it is contenplated

that the present Fivenisiacectivasl wew sieikr kOhatdf€1G.8oiplancdet ghase; afdich as
any punp systemthat requires a barrier to prevent contam nation, or

that may benefit FI@noas Aoy APArRACHE! dMRrfbAMnct BouhREYoRfafibed Béthblafes.
transmtting pressure changes froma volunme (or working fluid) on one

side to a volume i_li?r wor Ki n? fluid) on the other side. The barrier of

the present HVEMLER RBSCRIBITGANSOEAN nanual |y operated 15
br east punps EMBORIMENS/OFTBE ENGENTION (and a vent to atnosphere),

as well as nore c | e unps uch as. notorized punps, and punps
provi di ng both su B\Iéi’aﬁﬁngmb Rty PIpthg rgent inprpUon \%Pﬁcrlhecﬁé@@m Bed
in particular respects with a source of vacuum the pressure source
coul d al so bdirgctesbt; breastpumpeassambly sistentsg whish inthe partieulargneBonment dlred theB
illustrate a self-returning contam nation barrier 100 in a 20 "free"
st at e accor dimgntaen finds jis esgint iti in\centemplajed: thatt the presantamsentiohdehs vatiolus
as it may be nol ded. The barrier includes an inner surface 102, and

out er stof acethkdhpphatishe)wach ta earyUpihp SystbaChafl OhuirdE lauB@fiet d Revent
concentric circular panels 106, 108, 110, although any nunber o

panel s and agynt&RHEES, ok that AP BeRdR HRANL RITRARE BEAmbIARE RANEYety 48Rient in
108, 110 are amal gamated, or joined, via sidewalls 112. Sidewall 112a

joins center n%ﬁé?ﬁﬁﬁlga%rggufeocﬂa?%%r 5 2V6rBRNGE woding SIS bnd 1P 1o a

joins internediate p 108
volume (or working fluid) on the other side.

The barrier of the present invention works with simple manually operated

15 breastpumps that may provide only suction (and a vent to atmosphere), as well as

more complex 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

20 “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

25 panel 106 to intermediate panel 108. Sidewall 112b joins intermediate panel 108 to
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WD 2008/ 057218PCT/ US2007/ 022507 exteri or panel 110. Exterior panel
110 is amal gamated (joined) with a rim 114 via sidewall 112c. As
shown, andwoizsewswesl i n nore detail hereafter, a val ve rfituszoomethor
integral with barrier 100, but it is contenplated that the valve 101
coul d be separat.e and, apart. fromthe barrier 100. 5The _sel f-returning
cont ani nat i off¥5HPT Pl 1 Fxteraranst 1 ) seanalgasated aeinsd) avith 8 gim 144 vian
el astoner, or any plastic and rubber conbination that permts the
barrier to fgidewplbAl2es As shominngnd disovsseid b thorpdataif hdreaften el alve I formed
preferred enbodi nent is constructed of liquid injection nolded

si licone (LI MBggralswitin barsiet 100, Q6D it batteraplated st ehef vabven BN be separate
Electric (GE). 10The barrier 100 is assenbled with a breastpunmp

protection tanéhpaid ficth ehedRRicdMO@GAti on in the punp air line. FIGS. 3A
and 3B illustrate a breast.punp assenbly 200. The assenbly 200

i ncl udess a det achaf gelRt&@finziotathitfidn vhbfer N0BAS bk %Eq é&ﬁeﬁaﬂ@@,

with a breast to forma seal to ensure suction to the breast,

mai nt ai ni ng r WARAE Q&W'n A o referred to
herein as 15%'9 |a%sa§1 ? O@geﬁgquﬁfg%gﬁ%gﬁb e, 3#0%%1%&{0%%@1)5“% d ?%amerto
i ncludes an i.nterface or.base ry 205 d,bottle collar 208, .. .
B east shi ol d SRS 35 G hrinta BRSPROGH RS UL BFloHe. (TH drifacel Saodiment s
front housi ng 204 | t hough it could made integral therewith). A
collection ¢ H'E%"l“ﬁ‘gﬁ? qf i t‘!llé"t?fompgggt%‘]&@ﬁ%cfumgls ek g| M 830 ghat
the front housing 204. The rear housing 206, also referred to herein
as second hoavdilehle fime [dengraldleasric (GRum si de, 20 includes a port 212
to connect to an electrically operated punp, otherwi se referred to as
t he vactlum sour ceThe barrier F108. 1s4aszexdbled Guitlb ai bieasipurap eratactismaptoo diiidlinate
vi ew of the breastpunp assenbly 200 according to the present

i nvention. ThentaBkatifousithe pdR® 4iNQinddeFIGR) IAtRMHI I8 iNe@dawah | bréddipuape
402 and an exterior surface 404. The front housing 204 includes an

interior 25f poRmwR bo®UrfiRCEsAABy P00diRhdeX hCddtihaib r&ERhRRA20AS The
assenbl ed, the barrier 100 is
breastshield 202 engages with a breast to form a seal to ensure suction to the breast,
while maintaining comfortability. The front housing 204, also referred to hereinl as
15 first housing, front side, or breastshield side, includes an interface or base part 205
and bottle collar 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,
20 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

25 frontwall surface 502, and an exterior surface 504. As assembled, the barrier 100 is
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WO 2008/ 057218PCT/ US2007/ 022507 positioned between the interior
rearwal | surface 402 of the rear housing 206 and the interior
frontwal | worbh@ns7582 of the front housing 204. ThecTiusant7iezdsh7
surface 502 nost preferably has a shape that generally matches the
outer surface 104 of the barrier 100 when it is in facial engagenent
"n the ini t i @oSEonedbebwcen the ntorics craspall sufana 403 ofifhedew baysingge and the
preferably has a shape that generally matches the inner surface 102
of the barri épteriguraniwall stirfee befeef the omthpudde 284at e, descri bed nore
fully below. The rim114 fornms a seal between the interior surface
502 of the front Hbadiongvablaaurfa@0¥02amast peferably dwas o shape rtha @enetfly mhtchdye
rear housing part 206. 100nce assenbled within the housing, the

barrier 100 skpeutat®sfasnild siothabasict DG Whankishi ftidl Ggdgentint ihe initial
housi ng 204 and the vacuum si de of the housing 206. The barrier 100

is assendl ed s, aTRE fnditrdedwhllishitide Khahsst péreRAbl 8" &dpd hab g&ﬁ'ﬁmy

as a first or initial position, or state, and naintains a concave
shape as vie d i r..a.:Go i m
the. br oast shiHaes o 1if KRR HE R bt U, 31BRE,AY RAEY it
shown in FIG, 6A, In this first Sitli t he barrier 100 iLs biased
Covard the bissipehPorindly el FRE ki Lt s g atal befvechdtie iferts S
fromFI G 6A, éhf Cg?f}f\% panel 106 and sidewall 112a are )
subst anti al | yYArf §i§ PUsIngRag 404 dnd the ipterer sufase #02 eike prrebousingeaart
state, i.e., when assenbled. In addition, sidewalls 112b, 112c in a
conpressed c@fAfiguration in the 20 pre-loaded state, in conparison
to the free state (FIG. 2). Looking at this another way, the barrier
100 has1@& done- | i Kmcs haspmblediwtithirathe dwtsiag, tiekbarier 100tsapariteemdsikalttes tie

FIG 2, the height of the done, as taken along this axis fromrim 114

to the front beaaskhickd side dihthe honsinK264 ael thpamckund 61d} of itle Rdusink 06N Elhe
pre-load state of FIG 6A, the done is conpressed to a height of h2,

where h2 is lbagfer 108R RbemblEBin?d frellORLE hifd1tRe, AP referred to herein as a first
2008/ 057218PCT/ US2007/ 022507 assists in the functionality (spring

"ggf iO\(/)v.n) of t heidadd Resitidd Or Stilfe! DY RREGA 2 QBncade St B8 e VRS frohthd Yacuum
side or a convex shape as viewed form the breastshield side, between the housing
15 parts 204, 206, as shown in FIG. 6A. In this first position, the barrier 100 is biased

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

20 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 h). The pre-loaded state
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Wth reference to FIGS. 7A and 7B, the breastshield 202 connects to
the interface (collar or shield base) 205 of the front housing 204.
When mi | k wo 2emseased 5 fromthe breast of a nursi ng raavisog7otiser
mlk thereby flows fromthe breastshield 202 through a |iquid conduit
702 portion to.a collectin (. catch chanber. 704, and en to the .
col | ection cAMsy et ?1%“?%@%55’ P& la?t&rg.? %tZ’Fh'%a”B?Ft I@F ng pfperation,
col l ection chanber 704 there is provided a valve 101 which cl oses the
col | ection cH&serbed mow fullpbelpWg to bottle 210. Valve 101 in this
instance is shown integrated with barrier 100, but again, 10 it is
cont enpl at ed t hat Wikle raferlenaee ©ORIGH UIA] abd 78¢ plaer hteestshield 304Ar ¢onheatstd ke
bat her 100. This systemis not dependent on this type of valve, in
any event. interfadb€tolar vedhitldbae) PR the/ RBomhOasihg 204, SWABPIIIR G dxprdshad
breastshield 202 froma well known type of suction device 706, which

may be nanualtiomn GBStk QfurdiRd Rt iRtk Boeebya NG HdM ! ?éﬁéhfeﬂﬁzoz

col l ection chanber 704, and a negative pressuré is 15 applied to the

interior of ttﬁ}ﬁ%%; f%ﬁ& bwéxﬁ 7§2§ort glt aicélleg:ﬁléé 5EL58 %ﬁuh{eﬁ@h%d tP%neto

col |l ection cha negative sure 1S release
I 101 1|k d. into .t b hi el d. 20 d
Uhence o ¢ natcest BalR Snfunes A58 08 2t AnaPe nitlet R bistipslion STambsts

noted, the v nmechani, may be  of . y types, for exanple a .
duckbi | | typgbx PooYidedia YA veslOd oy ish s e opllestiop,cambsr 704, leading to
house-current driven vacuum punp using a tube, or air line 708 to
convey t he vieWgmi0aiVelysdgh in thi§ igstanssteshomatisigetatedwitthbarierd00nhw egdive
706 may be a manual |y operated piston punp, or a battery operated

di aphr atfm puitgs camtemplated that the vabvediOh cowld besepswate andhaptart! from thedatrier 469.
particul ar kind of vacuum device. WD 2008/ 057218PCT/ US2007/ 022507

The vacuum sQhiscgstéflas astrdepeident\winahidtypelof nglvé, i any’&8nf. 0 a port 212
formed on the rear housing 206. The port 212 extends through surface

402 and comuni cab@sen'ul dabudnh ©r héaléd pressafe & RABplicAab tOoeisnBiekDR02 THR e
is an interior surface 502 of the front housi'ng 204, against which

he barri S aARE e g , : : -
br east shi ol d "o daor YRehanPREEYE; 7RG 2t 209 40 hah G operied B il
into th ' ' ' jth i ' 209 .
W thin the oo T4 BEkEHFL ERTTAR Shtecloh thinher I0fciln FORETR PRSsns
is th iicated to t t.shi.eld 2. b t of the,
bar i or Poay SRS R PIHR: Ol Preeurad 200 Ao heTH VPR tthrcoleSory
t hr ough apertllalre Z%ﬁf r&ggqs;%ace 209 and wi;thin the breastshield 202.
r'roes

The 10 abové& € MGBILE Faessre 4t Feieaserh dbawales 181 apay do pas

vacuum from the source 706 to the breastshield 202.
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.

20 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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As stated, just before the vacuum source is applied, the barrier 100
is in facial engagenment with the interior frontwall surface 502 of
the front wousesrng7294. The frontwall surface 502 has a EiTapRod7vaiso?
generally matches the outer surface 104 of the 15 barrier 100 in
this initial state, This matchi_ng engagenent, which could al so be

| ess exact for su@?é@&“ﬁlﬁ!ﬁoymﬁﬂpgﬁwﬂjﬂéﬁ@s@@#ﬁwt?e Hi’doiagmest 21gdormed on
smal | est anount of "dead" vol une on the breastshield side. It should
be appreci at ¢t teanhousing 306y ckitei pont Ph2osxitatds thaoughr surfaéd 4@ amk conmounicates
transfer mechanism which will use |ess energy and therefore extend

t he useful | ivith thé irterimatof dreyreapensing 806 utiere BQHHateHocasfpufi? aabefrbhty
200 of the present invention operates through a breastpunp cycle of
suction, air hbidisp 0@4,eas@st wiich e bari@! WSS inifdlFSposfioadd a8 shbw st FRS.©
the breastpunp in the first phase, or suction phase. During

operati o, twe PMeHECRCR e dFqd %%eling _@o&ﬁé‘sfan%?a%uré bhypast éﬁéﬂ%& thes tifde

and vacuum si de) of the bather 100: a Tirst preSsure A on the vacuum

side of the i ef.err. i a

vacuum and SOClintRlte ohRE iR REHEEebE: A0 B T G ReRe colr
2008/ 057218P 007/ 0225Q7 barrier , otherwise referred to .
herein as br ggé“lflfﬁ? b b 1 &fﬁFa'PHHSI%%@GOI?%I%H (FRTHIRLALE t%ﬁﬁé’éeéftﬁl%‘%ld
pressure to the barrier 100 via the air line 708 such that the first
pressure A i 2020y maysmentofithe barpieravian fsom thipfrent veallayurizes 592 yvhighha tum
second pressure B, yielding what is known as a differential vacuum
Thi s di f f er edravwsl aiy/irangmapertured02 frpm paccaPendtwithii thertireastshiell 202, The
reach a di stended state. The punp 706 draws a negative pressure

(rel ati ®e toabdveodqsbebes)s vaduumhcdilt ssttubtarebevhich aront@ thackciund ot the
second position, or distended state (see FIG 8). The now inverted

barrier 100 scurt¢7060ithd brenghaeI®208. W th interior rearwall surface
402 of the rear housing 206 in the full distended state. The rearwall

surface 402 has aaskeRa), leberSRARE FchimTBEEORSppi&, HRNBE i G
102 of the barrier 100 |}n theis di stgnded state.pbl " As ée%g\?gqs{ﬁq%“gi

6B, when a vgﬁ%srgma mpkﬂeeﬁtemfﬁ%ﬁnmnﬁﬁfaéy%za%g tﬂegﬁ%ﬁf]%o%lgﬁﬁg gga.r 8k

100, the barri 100 essenti a turns i1 nside ou

initial conv hap Fl 2 and 6 i s transtorned to an.invert

convex shape%?)ﬂi @FH %g%?e '%?ehaé eanst%g?e @étn%elnerfg ma}cg‘e %&“&E Sprfer éﬁ? of the

intermedj at e, panel . 108" . via sidewgll 112a', while 15 the

|t or el at o bBaAGH0% gatis gl %tr:\:ﬁé& PAGhINE FREASSIER; HFJCBéH%lfi afspcbe lgssa

112b' and the exterior panel 110" is displaced fromthe rim114 via

si dewal | 1126xact frubsantially ymagphingiepgagement, provides thesympdlestramonnt f “dead”

| engt hened in the distended state 900 in conparison to both the free

state (FI G 2plumednithebieastshicid side.alt shquid & apppdciated 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.

20 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

25 herein as pump vacuum, and a second pressure B on the breastshield side of the
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As the barrier transforns to and froma distended state and an
initial state, the 20 exact position of barrier between the front
housi ng 20woanab/aseag housi ng 206 i s determ ned by the dediesemmazsor
between the first pressure A on the vacuum si de of the barrier and

t he second pressu n t.he sts ield sjde, dlfferentl al
vacuum In a&aﬂefdﬁot Bt?‘ﬁwf‘f’er %ma‘ﬁobrg &%Wpde ypquayr dhe pygp 706
barrier 100 defines a first vol ume on t he vacuum si de and a second
vol ume on t hEOWABRisaten A argatiye Peessyre tos g partier Wg9 via the air line 708 such that the
2008/ 057218PCT/ US2007/ 022507 be noted that as the barrier noves, the
first vol une fastgresewe ddiswableastanifially grelatet (mome hegatibve) thanrthe squond pressareaBd
second pressure) change respectively. In the collection chanber

rel ease phasgieldiag whan is knowh eas differdnyipl G, Myisrdeffe@astial bacuum ultimately
at nospheric pressure into the air line 708. The breastpunp enters the

air 5 14 ne raleadR RHAGE 0@ Bad e ikndiPuSE. @R Y0d awaed negative

barrier 100 causes the barrier 100 to return to Its Initia

o i h et TSR 98 MmBEFRRY ?%??.P%A*’E - batle iﬁﬁﬁgﬁefﬂﬁg a'n%%%'d
f ! - : b d .
Oo1 Tect | oo RERliaN S afRHRea WD BEERRY 90 n%aev%ﬁfsﬂgght" £.060 is in facil

br east punp cycle repeats.until m] | ected in. the

col I ection clHRASEMeHQYIth jintetion je iﬁpi“’é@\%ﬁ’l r?é\k}é‘?/éqaf hPH%n%?P‘S i [thengil
in the breastshield side will have been reduced by the m |k vol une.
The barrier fiengdediteiad Thaeirealbariace 402 ey arspinedhal genqralbl metches thoinnere
container) within the collection chanber 704, opening the valve 101.
That is10as ttdacedp? oBthe bagicr | dhinftbisdisténdedstéatae di st ended state, the
differential vacuumreverses wherein the first pressure A 15
decreases and t heAsashownl ip FES.SIB,evini Sredcamnds appliet o ShePinB&ESIHEBCE IBRGT
or greater than atnospheric pressure within the collection chanber

704, m |k inHdamiatliooste bamief | G0 \esseHtiAN RuirdPinVide éﬁ)tlsﬁch%‘dttaﬁ@mtlal conyex
col | ection chanber 704 into the collection container 10, ﬁ(

[l ease phasgnaplIary 4l 6 400 dh fbhﬁe%%'amn&"n%? 88@\%){%5 'eﬂ(%tl%.usss). The

di spl acenent to pneumat i cal ['y app pressure

opening the 1, an e cti.Q
cont ai ner éélt%fgpaglg‘ 108, ngéligpslacga Iﬁé’g’sl %gteaﬂeﬁghg’[wgﬁ{a'ewglg ‘HIEE’
barrier 100 de ase to the nre resented by the initi

state o}Elt he% feingf 12t {HRRG ]toﬁ sn‘%‘ﬂaa‘ieg o HigcGxteriop a?én%ﬂ(}e\'@dﬂ% and
cl oses. The vacuum systﬁ éhen peats the phases again through th
cycle, begi nHSHr Rapgld 1Qutsdi %M@@ﬂ theringil |14 vigesidpytadlal 12Rat Slﬁih‘éalls
i nvention na\a/ be adapted_so that the bather does not 25return

conpl et el y t d1¥he 1A't i14Rc’s prgt substppiiallyrilengthenrd im the dlistended ovateufdPein

m ni num
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
20 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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WO 2008/ 057218PCT/ US2007/ 022507 vacuum | evel is to be naintained in

the breastshield during punping. The tendency of the barrier

nonet hel eswocansmerist to nove toward that initial statecwdszomoioz2so7

achieving it. FIG 10 is a conparison chart of performance

(curves) of vari oas contam nation barriers, As indicated in _ the graPh
on to

of FIG 10, [PF&8%dthatas b bagiesawvesnthe fstiplymennd sseond; vohwupein pddit
pressure, is indicated along the y-axis (in mllineters of nercury)
and vacuum sitpfirsipressuig api geaend preamedchangk respeatively) i s al ong the
x-axi s. The graph indicates val ues based on one punping cycl e drawn
up to -250m nHg. Théhepraelkstore chamier i relebdeepldisé, f wicewnn s relexsedn typhually by
pressure on the breastshield side of the barrier and the pressure on

the punp si deeledse td atnplidrierprest@reiatoHREED Yihk 08 UITHE bdstpliig &nwrd the it
enbodi nent of the invention. As indicated, it had a pre-load of 4

mHg, §.@., ilihe (éHdb @.@pgg i :
began to m)vel. ° PURELQ%%BE%%G | SI %Fo&%&%@giﬁgﬂgﬁgﬁ@c%@ %g%"sréﬁ?zgﬁwr

products. Thggq(ﬁzf‘eﬁﬁg !irﬁgalvgtattg'gltig}g?‘?ﬁraﬁw a eé@coﬁ@ﬁr{%ﬁm«? %GQS%% to

FIG 10, FRE I ncor por e advantages o0 e pre
invention, had the . t consistent pressure drop. across t
barrier for £ osgﬁ?qcrllgv%lgi a8 W‘ﬂ%hﬁe&ee"f’rﬂ%gqu?q @t@g?dg@né‘hmﬂﬁ?feﬁ%enltf 1o
mechani cal trapsfer, .an reduced anount of energy required on_the
br east punp sygﬂ%ﬁ{al dla &F ?’1084“9 %ﬁ%h&%ﬂ @glaquﬁe ther odlegtion chamber

invention is inplenented. The FREESYTLE barrier is nost efficient in
that the ener§$ theswglves!Hi doeseiot oper anhshepbrsastpep icxclo venestsmmtil 2qilk is
i s understood that there may be many shapes, sizes, and

conf i guttat i oxsllesfedtihéhelratlbmiontchanbeni7D4. Hahilk isiptdsem, ldweves theaiofohirhein
i nvention. The use of the terns done, concave and convex does not

limt the i nderdreasthiel] dd wilnighvd deen Ieﬂuced\B{ teNailievoleme. ThéBariei0100Ghre-
barrier is contenplated with material thickness and shape varying

Wi th respect 1d:@ @leScRRARS ANGveaRBlsire! (OMITNR SRRl IRE) WAk {dkcdd
achi eve the spring action 25discussed herein. It is seen that the

obj ects set {Rirhker 700V SpendAPAOvANIOFA . "RI8is, as the barrier 100 transforms from the
distended state, the differential vacuum reverses wherein the first pressure A
15 decreases and the second pressure B increases. With a pressure equal or greater than
atmospheric pressure within the collection chamﬁer 704, milk in the pathway can flow
through valve 101 from the collection chamber 704 into the collection container 210,
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
20 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

25 return completely to the initial state. This might be in a situation where minimum
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WO 2008/ 057218PCT/ US2007/ 022507 apparent fromthe preceding
description, are efficiently attained and, since certain changes ma
be made i nwbleosalsmae constructi ons wi t hout departing frronvide7episni t
and scope of the invention, it is intended that all matter contai ned
in the above descrjption or shown in the acconpanyi ng draw ngs shall
be i nter pr et ¥aCHE Icl"F1u‘§ fe he mamtaingd indhe preastshigld dpnng pygpisgndBe tandency
al so to be understood that the followng clains are intended to cover
all of the geftheibarries nopsitheless causescit fo roovedawanddbat aiitialistats, fob a¢higving it.
herein described, and all statenments of the scope of the invention
that, as a matter FiG. |1dngsiagesompagiin hasavfl pepfofradrcet (mhebptofe @brious
Wil e the present invention has been described with reference to a

particul ar  tentembRdbnbitiers! AQSRisHdd iheik dripH SYEFIAN 10, Wrdsburk aﬁff){wg}o%ethe
e

t hat many changes may be made thereto w thout departing from

scope ofg the pphes et iffVGREl BRssiaCR_ o AT i
variants thereof 'is conterrp1 tgﬁ%sﬁfg 16%%%25&\?\51) th{égglgo@%q% lrﬁ'tu%rs of
claimed inventi orth i following claing., 15 he .
clains defi nﬁ%&?‘ﬁeﬁiﬁn@%& I osh(}easrdgﬂ%&s I&g olﬁﬁ H\Agt?rs of rferd nflSAéﬂ%ﬁ‘Sl)Eams‘
barrier for aratgin arts of a,punp, as.to eyent contam naji qn,
the barrier ErﬁTa\p i“f“igcagesr"é@‘r’f %@Fﬂl gﬁ’rﬁ%%“% ayn g i @P&mw%i& g
the bather is to be nmounted along its circunference within a housing
of said punpPI§SWe Searaksdhe diffezengé betwsen theppresshiecom e thapastshigldngideanf the
initial state anda distended state, wherein said barrier achieves
sai d di st endéarist andethe prepaspomte puopaide oédsbamieappl i ed to said
barrier, and said bather has a preset bias to return to said initial

state, Wherein sailte PBREESY TAEiueseesassardd with i ahbalimén of the iasgamios.e AlsO
the rel ease of said pressure applied to said bather, and

wher ei n sai difiidabe| ithas aprd-adBE4 shade ief, itequRYitha alBuibf YAARSERIThRA
condition, and when nmounted within salid housing said bather cannot

reach said f gfeBari&giasn & nf9BY PURM, Pl GaRg, mm@ﬁ@@g%dmﬁhwc@m

t hrough engagenment with a part of said housing, ereby restralning

o, o e, TR LU AR AR iy
conpri ses at lb,el?ﬁl%EWfE,C\thgheﬂ}c&lp%raltlequé & \jagtggeasrc())fl{ g prse?gng inCv%rrlltEoenr, had the
15 most consistent pressure drop across the barrier for the entire vacuum range. This
illustrates an excellent mechanical transfer, and a reduced amount of energy required
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.
20 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

25 discussed herein. It is seen that the objects set forth above, among those made
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3. The barrier of Caim1l1, wherein said distended state is responsive-
to a differential vacuum 4. The bather of Caim3, wherein
af ter sai dwpreesars7hisas toward said initial state is oveqmueio7921507
differential vacuumremains about the sanme at said distended state.
5. The barrier of %ai m 1, wherein said preset, bias includes a )
pre-load, andPRERSTIM by greseding descaption qrg sificicady eitniged and,i smceseegieia
in part by said pre-load. 6. The bather of Caimb5, wherein
sai d pre- | oaghingesimag barimadelin the pbove chystrugiianhs yathhatr depasiting frvmdbe erfiritand
resilient material in conbination with the shape of said bather.

7. The bat herscape ofiti invention, icBribiendeditn allinidieacdntabeesitin thembaes desbription
sai d breastpunp assenbly conprising: a breastshield; a conduit

structure adaptlesvi @ the mmﬁ@fﬁﬁ@%ﬁ%@ dhdll Bintrpred @ i1h@e4tiveind not in
cont ai ner conmuni cating with said conduit structure; a housing; and a

vacuum spur cg |HfHE Srsat t18a4b b drstRidshitdhe folIowinIngTﬁfn? Ik ﬁl%inged to
I ts of sai

bather is assenbled in said initial state between pa

bat her i's assentl et Tn saic | bet v of sald
asponge 1o vabamel furRslighe naF L XS kel bELEINES it rorved

said presel R@an icaRal Sk ol el At TEEn el s S hater b dge, rgh b

said to fall therebetween.
While the present invention has been described with reference to a particular
10 embodiment, those skilled in the art will recognize that many changes may be made
thereto without departing from the scope of the present invention. Each of these
embodiments and variants thereof is contemplated as falling with the scope of the

claimed invention, as set forth in the following claims.

15
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8. The bather device of Caim1l in gonbination with a breastpunp
assenbky, wherein said barrier is located in a pressure |ine between
a pressure generating punp and a breastshield of said breastpunp
assenbly, wherein the breastpunp assenbly further conprises: a

housi ng having a breastshield side and a pressure side.

9. The

conmbi nation of Claim8 wherein said bather has a generally convex

shape at least in part presented by a convex bather side,

and is

assenbl ed wi tFherslabus definingsheigvension peetas Sdiows:bi as presses sai d coni vex

bat her side against an internal breastshield side sidewall

housing in said injtial state.

of said

The conbination of. daim?9

. 10..
wherei n sai d convek bat Adroveblgbaricrfonsenaratingparts of aanmp: FMPENH | at i on
formed in it sosthhaeg, Gebenalcbyphopeesilichenasibidne Bavingaicerterpihesd the

ity. . . Th onbi ti f .ai 10. i i
ot er nal ” br ederiHiH b Eget SRR PPt R e Eal Bl gty
general | y conkanefshapmmphaid befrieskvilg enintiekstiiaaidedisndtd statgeherarad sai d

bat her and sa[;mq1
faci al engagenen

ef%cﬁi%%s%gh ﬁif%r_msél}gtgte%%%%i i gttclv %ﬁrf&gér@%ﬂl@d foYaidBdrfer3AN 1 N

alm.l

wherei n

sai d barrier stidbariechas mpusset bigs to setara tasaidiingtial sgiegvisreip said barrier achievps, 1
combi nati on Qfiq Glifi Satd O MERARINNE AleHsdVRELd REssita sppiedlowai@birtisy, Of

general ly concentri ndul at.i ons .desjgned.to provi de. bqu; ment s

for said bather t e‘ﬁ’g i“&'@"’?’émflbi“?}f“ﬁ‘a%%#gmﬁaﬂ'ﬁé PP‘I‘°PBW ai'd |S%g18{r%ed

state to sai cbohditidn] @ld vitiemineunted within said housing said barrier cannot reach said formed
shape of convexity of said unassembled condition through engagement with a part of said

housing, thereby restraining said barrier from further movement toward said usassembled

condition.

2. The barrier of Claim 1, wherein said barrier comprises at least one

coneentric undulation around said center.

3. " The barrier of Claim 1, wherein said distended state is responsive to a
differential vacaum.
4. The barrier of Claim 3, wherein after said preset bias toward said initial

state is overcome, said differential vacuwm remains about the same at said distended state.

5. The barrier of Claim 1, wherein said preset bias includes a pre-load, and

wherein said barrier returns towards said initial state in part by said pre-load.

6. The barrier of Claim 5, wherein said pre-load is determined in pact by

said barrier being made of a resilient material in combination with the shape of said

barrier.

7. The barrier of Claim 1 in combination with a breastpump assembly, said

breastpump assembly comprising:
a breastshield;
a conduit structure adapted to convey pressure and liquid;
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14. The bather device of aim1l in conbination with a breast punp,

sai d breastpunp conpri sing: a bat her housi ng ‘havi ng an
interior frontwall spaced apart froman interior rearwall and
defining an interior space therebetween, said rearwall having a port,
said barrier being nmounted within.and dividing said interior space
into isolated conpartnents, said barrier having a generally convex
shape with at |east one undul ation forned generally radially spaced
from and concent ri scadledion corising eormrniefingwificsaidgondait stucture; g surface
of said interior fppntamallyhaving a shape that generally matches said
barrier convex shape in~said initial state, wherein said interior
frontwal | surface #¥cPynfouEjespmspysabiagRith sAGhoRSEAi d barrier in said

initial state; whereil s8OYArRE i94sseRIbRE HLFI jhifal Betcdppktmmnts sfasd sai d

port to said . interior space to ve saj d bar r. .face of
DO | nteri or RSk RBFFR R0 P Sacu e et o ey el Bt
barrier shapesadvagamtottteindrald darsératibzes sdd pesothiasiteassiidn tapsfvoniapiram by

application of..a.pr A . d. pressure source fromsaid initial
state to sai asmgiadés%gﬁ%%%;%?g{“&e)ggn t%ﬁer ein said bat her becones

deforned in said distended state, wherein said interior rearwall

surface is in facigl engROGED HeWteld? Chifth @it BmARA WHRflbidsipinp sai d

di stended st at e, . sald barrier being nmage .of a resilient ..
material whi ASPRICHRBTRSH] RATIGATIACaed e IEFP Bhe RETERLe BETRE §SHIRE
bat her to retpump ahd ObreRahidlddE sdidtrethunp aksantily whedei thetir¢ast@bmsssembly

W t hout assi si.anee up%on.the rel ease of said pressure. 15. The

barrier of C'8IM LA Conbi nation with a breast punp assenbly, wherein

t he bat her i sol at eshqusing bavislg ajprapstehicldsidd and 2 pressurgsider east punp assenbl y
from contam nation, the breastpunp assenbly conprising a

breastshield; a vacuum source_in conpunication wth shai d brgl?st shield
via said vacuum |ihe: aﬁ{gpcomhmahonofdmmi&w erein said barner has a generally convex

shape at least in part presented by a convex barrier side, and is assembled within said
housing so that said bias presses said convex barrier side against an internal breastshield

side sidewall of said housing in said initial state.

10. The combination of Claim 9 wherein said convex barrier side further
has at least one undulation formed in its surface generally concentric with a cenfer of said

convexity.

11. The combination of Claim 10 wherein said internal breastshield side
sidewall of said housing has a shape that generally conforms to that of said convex barrier
side, such that said barrier and said breastshield side sidewall substantially mate when in

facial engagement.

12. The combination of Claim 11 wherein said barrier becomes inverted in
said distended state.
13. The combination of Claim 10 wherein said barrier has a plurality of

generally concentric undulations designed to provide bending moments for said barrier
tending fo return said barrier from said distended state to said initial state.
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a housing having a breastshield side and yacuum si de, said housing
being in comyuni cation with said vacuum i ne; wherein said
resilient barrier has a formwith a first surface that is at least in
part generally doneli ke and having an unassenbl ed donme hei ght as
measured froma base for said done, to. said first surface, said
resilient.barrierbeing assenbled in said housing in a manner to
separate and thereby isolate said breastshield and vacuum si des from
one anot her and i nl4ai d Thabirialdedteatf Elaivh i fn @mbinetidnoddiedreedpraint $aish
wherein said assenbl ed done height that is |less than
sai d unassenb éﬁ&ﬁ%ﬁelﬂp gﬁt 16. The conbination of C aim15

wherei n said bat heﬂbmghausgemem ajintgrienfioptwelh specd Apart ey intsyies

undul ation f eé}:ﬁg] &hnfhia AN hea Wl c about
a center of 2’; g?r%ﬁﬁh%%ﬁlﬁ%r%#g&hg@?@ n’IS sai.d bir%ea %’é‘i’?}e‘;d

i
having a surface sFrthemonBemgmoRRtedMmiinaad @H’é?gts‘ﬂ‘ém?ﬁ%ga%fn

barrier firstcosighhnne, SlibarienRivingalgndbdlyheivet ihaﬁaamﬂl apleest brpaddwdation
condition substa t| al | es. W sai.d br nal

si dewal | surf E“éel %%Fﬁah é??é‘h?’“dcg llﬁlﬁ aermrlla cht 0?? #g&%’sal d
vacuum si de havi nga au&wdfanélnmmmmlthayeﬂedmd @atﬂmetﬁﬂlé@aﬂfé siithape
of said barri g%ﬂ aﬂ'nﬂa?ﬂgﬁgls?att g@%@hﬂnm%ﬁ'sﬁ-f&@fsh}?famﬂas

becone inverte novement fro initial state to said
di st ended staﬂﬂéagegmfmmﬁ¥@bmnbﬁtwd§%tantl ally mates with said

vacuum si de inter n@éou&;edﬁm@ésﬁre £ Hel2BHIRd iHBmfs@ia bétt toG HiE BELIOEphceitomEed d
di st ended st at % . The conbi nation of Cd aim 15 wherein said

bather is maddddpmss  esi| | ent mat eri al which in conbination with said
bat her shape causesssiaebflyid ineeriof arwel] bavingfarshape that nadlymeatdieckaidt at e

Lo sal d i ni Uiyalycoliah o Ofl ikindl a0 vhli o SRR, sdflctlioia U

18. The conbinali on erein acuum orrre ai d

br east shi el d psgsehse frem p@@@eﬁwgé%%qnysam@h@léta@ﬁ%ﬂr@lﬁ?ﬂﬁmfﬁ‘ with

t he vacuum anﬁ{et&ﬂsamaﬁaf ShodAGWediSdade sad disténdadstité) whbreilsailt évegior Of
vacuum i s appl ie

condi ti on. gls"i Sce%él*ﬁéacﬁ?uum 5 de Wi Oé@r‘rﬁ:’ g?’ Sa%’iﬁ%ﬁ@“?‘@ e

including a m |k cechairier Mtrgmdupéamhhmmemdwghm40k1bﬁlpmvs&|8§d
breast shiel d b'iﬂ%e?ﬂﬁ%{;&?ﬁgpﬁfdb r 1R AR @ thiedo OREMMEYsta | Ve
bet ween said catc er and said cgntal ner, said bather upon
returning to %WH@W@P%WPO%%F@W?WNQPW%t erm ned ni ni num anount

of mlk in said catch chanber generat es an increased pressure in said

el case m Tk to triver rigeipEORshl AifppRdt ville SRERER GapIy AN
subst ant i al | whassintbe it &blateepaits €2 visadn Wit of thedteasipumneassegbiyfeom
acconpanyi ng cgﬁ%%ﬁg the breastpump assembly comprising:
a breastshield;
a vacuum source in communication with said breastshield via said vacvum line;
and
a housing having a breastshield side and vacuum side, said housing being in
communication with said vacuum line;
wherein said resilient barrier has a form with a first surface that is at least in part
generally domelike and having an unassembled dome height as measured from a base for
said dome.to, said first surface, said resilient barrier. being assembled in said housingina
manner to separate and thereby isolate said breastshield and vacuum sides from one
another and in said initial state with a pre-loaded condition wherein said barrier has an

assembled dome height that is less than said unassembled dome height.
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16. The combination of Claim 15 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, an intemal sidewall of said breastshield having 2
surface shape that generally matches the shape of said barrier first surface such that said
bamrier in-said pre-loaded condition substantially mates with said breastshield side internal
sidewall.surface in facial. engagement, an internal sidewall of said vacuum side having a
surface shape that generally matches the shape of said barrier in said distended state
wherein when said barrier has become inverted through movement from said initial state
to said distended state, said inverted barrier substantially mates with said vacuum side

internal sidewall surface in facial engagement in said distended state.

17. The combination of Claim 15 wherein said barrier is made of a resilient
material which in combination with said barrier shape causes said barrier to return from

said distended state to said initial state on its own upon the release of said vacuum.

18. The combination of Claim 15 wherein the vacuum formed on said
breastshield side follows a generally one to one relationship with the vacunm applied on
said vacuum side after an initial level of vacuum is applied on said vacuum side to

overcome said pre-load condition.

19. The breastpump assembly of Claim 18 further including a milk conduit
structure which conveys milk from said breastshield to a container via a catch chamber
and a one-way valve between said catch chamber and said container, said barrier upon
returning to said initial state with a predetermined minimum amount of milk in said catch
chamber generates an increased pressure in said catch chamber relative to said container

so as to open said valve and release milk to travel into said container.

20. A barrier substantially as hereinbefore described with reference to the

accompanying drawings.

29.



