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PROGRAMVABLE BREASTPUMP FI ELD OF THE | NVENTI ON Eﬁu’?i Hed'eh relates to
br east pu drawi ng breastm | k, and particul ar torized, such
as el ect W@aop%ﬂdri ven, breastpunp. 5 BACKGROUND OF I"%@I\I‘I’I ON

Br east punps for use by nursing nothers are well known. They allow the
nursing woman to express the breastm | k as necessary or convenient, and
further provide collection of the bneastm |k for |ater use. For some

not hers, breastpunps nay be a necessity, such as when the child has

suckling problens, or if gHGGRRMMABIRBREASTAUMERTE Wi th excessive or

deficient mlk production, or soreness, deformation or injury of the
manm | | a. Ma Feﬁﬁ comonpl ace, prinmarily because they are
relatively mﬁiBteH Sl veﬁ.&al ng!ie]:lyf to transport. Being manually driven,
however, stroke rHtsineendpn refaestto brppsipransderdewine deradalc endpapisiiifeven, and

oper ating t hgo PHBBrifkaRudlad didEmtAly MrifeE, brehdputnbr i Ng. El ectrical l y-driven
br east punps are al so comonpl ace. They may be of a substantially |arge

size of a . nong DOk ERBRIPGF SATINVRRTARN e type, typically including a vacuum
punp which has an_electric notor that gll ugs i nto staqﬁaraqb@qhuse current.
Advant ages of t hi Bregsjpympsofor By HrRe Mg EF PP hoi PP %NS regul ati on of
the 20 vacuungurs@gdvdnfag tabipess the beaspuilipes etessatyras zonvenient, aypdetherThat is, the
nur si ng woman_h A d foeonk BakkD bRRpRhpe! ds in place
for punping oqm‘@%tcﬁﬁ)%{r@a%?%%?%&?ﬁg%éﬁLedlrre. @atte.r%-dr q}\i;JﬂiF\ br east punps
have al so beelna)’d%\?éf“efﬁ%?“"}fﬁé@é“‘B?‘é‘&gf’ﬁﬁﬂfy&“gpﬁg B PHE 58’\9%?{?' Hges of

control | aky | i ryvleatithegudsaiel @niefident ik pradustion onwreness,| defogndiol Ay 25 easily
carried. Such, a boihlge%%i ven portable breastpunp is described in U S.
4,964, 851, fof"BXARBIe "This breastpunp, sold under the n me M NI ELECTRI C
by Medela, |nc., Maaval breasiowiens §iv CORMAPPLCHPERRY B58E PRCHBMA Y. . negati ve
pressure) I egelpadsive Bnd dasyRé Ginspoite Being Matually driven, dovervpl erokexateween about 100

and about 220%‘%@&?%@%%&?%‘%‘“&@%@%' Aoty Metlghaely b1c. s al so

anot her type a whi ch may 'be driven by battery as well as
house curn®enttringt is generally disclosed in U'S. Patent No. 5,007, 899.
Electrically-driven breastpumps are also commonplace. They may be of a

substantially large size of a non-portable or semi-portable type, typically including a
vacuum pump which has an electric motor that plugs into standard house current.
Advantages of this type of pump arc ready controllability and regulation of the
20  vacuum, and the ability to pump both breasts at once. That is, the nursing woman has
both hands free to hold two breastpump shields in place for pumping of both breasts

at the same time.
Battery-driven breastpumps have also been developed. These breastpumps
have the advantages of controllability and regulation of the vacuum, as well as being
25  easily carried. Such a battery-driven portable breastpump is described in U.S.
4,964,851, for example. This breastpump, sold under the name MINIELECTRIC by
Medela, Inc., is lightweight and achieves good vacuum (i.e., negative pressure)
regulation in preferred limits, for example, between about 100 and about 220 mmHg.
The LACTINA breastpump sold by Medela, Inc. is also another type of breast pump
30  which may be driven by battery as well as house current. It is generally disclosed in

U.S. Patent No. 5,007,899.
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*166166* *ACTI ON* Patents Form 14 dated 10 August 2004 WO 01/47577

PCT/ US00/ 42659 -2- Electrically driven notori zeoﬁﬁ‘%ﬁ&?&iﬁﬂ%" have al npst
uni ver sal % 3979 devel oped with a single type of "cydficoldse@ 9i ven punp.
That is, riving mechanismfor generating the vacuum (negative
pressure) to be applied at the breast in the nore sophisticated punps is
geared to a particul ar sequence, or curve, of 5 negative pressure increase
(i.e., increasing suction), and thenarelease. This is often ainmed at
reproducing in some sense the suckling action of an infant, for instance.
Breast punpi ng Carngi&exaly anvl’emﬂd&xeéd Shedstperh@Nhave Qithlst nﬂﬁwsaumemver such as

where the th pl es are_.s f.or some rea there.is a state of
si gni fi cant é’ﬁ E’P‘@’eﬁ@h? smgl B i <ijcfeefosrtal T &t nsl(r})’r%yls BE BAFEi cul arl y
desired, | et ngdwnismrid eemratingithe mumyleaabve Plf@SUUD topt&rat’l?lk?wté}?e l1“”(‘l’éter est, it may
be desired tQq, ifRGh&aSEhHidatéd PUAFLUS tsbda, toa.nﬁirtﬁamwaqueﬁena darveastt punps provi de

the user with the ability to vary the ano acu bei applied, as
vel | as tRe Spedy RSTSS‘Fﬁé‘C'Wﬁf)'I M %?ﬁsﬁgcfﬁmf"ﬁ and(?he"lﬁe uﬂ:‘S c@%l es per

mnute). | n Sbmed at reptodurdgsin isomet $rasepihe wekling pctiors p‘e@dnﬁﬁdfova@wm | evel may

influence ea R aﬁdﬁd;‘é?.%i) aﬁ&, CEEFES m@%ﬁekme vacuum
| evel . The 1g&“f)z’g)té’g}x‘?d’qgcurveer %ﬁ%l nsl fi nbilis > y ser nust adapt

an
as best she daahef pnippiesiare el SPag oA ﬁ\ﬁi"t‘ﬁ ﬁ’f’te\tl\%é'gmgcéf’ttef‘%’[ﬁeﬂ?’“ curve built
i nt o t he nachbomenippl btidulatiytpiayetiel purticirals disget) legéaveraad eiaratiof ©ay teche over al |

popul ati op Of%fpmﬁéuﬁ.r %Mm%sigﬁoh%é\ﬂ;iuq}hduetloh%@sownCI pal objective

of the presen FIventon’ t o provi a breast ich c be
progranmed to gen'é‘?ﬂ&t@m‘a‘?f?ﬂﬁg’fﬂtdﬁé‘?e YSEj Wihsth éb"fﬂ' W 60 26 2B 4Pk fering milk
expr essi on ( epabuAGiecin® RPplisd Gkl KBIC BSthe mecmﬁmwem:mpﬂig) agtion Qeenvdnbetbfe invention in

one formis %dbsr%?t% ?%%&@ﬂm’sﬁx’ %g? Bﬁﬁ@&té@d%&jﬂ@,ﬁw 181 t{;l,(,yportl on within

which a wonaR € B85St 'S recel ve e expreSS| on of |'k. A source of
vacuum i s i n infuspageachcather. gHchiihat(is speed B‘F’éﬁ?t%%ltbe vapymy lavel- mechani sm f or

oper at i NGyst heya§O R 2mank fival Howsvaradriht wer hot adapt as dtst slecpaerce, and a
control | er forﬂ%%er aa:tl QW&anh%g#%c%Br Qv BYRGHIE: FEGRE MHE fpRay S€cond

sequence. The™ can reset rBrogramfor t he second sequence
which is a has been generalized for the overall population of use

SUMMARY OF THE INVENTION
It is a principal objective of the present fnvention to grovide a breastpump

20  which can be programmed to generate, among other things, a plurality of differing
milk expression (extraction) sequences, or curves. To this end, the invention in one
form is a breastpump comprising a breastshield having a portion within which a
woman's breast is received for the expression of milk. A source of vacuum is in
communication with the breastshield. There is a mechanism for operating the source

25  of vacuum according to a first sequence, and a controller for operating the source of
vacuum according to a second sequence.

The controller can have a preset program for the second sequence which is a
milk letdown sequence, for example. Preferably, the breastpump has a plurality of
different programs for the controller wherein each program has a different sequence.

30 In one embodiment of the invention, a motorized pump (e.g., compressed air,
battery and/or house current) is provided with a microprocessor-based controller.
Cards, with memory “chips,” containing different suction curves adapted for varying

conditions and objectives are included for programming the controller in this



mlk | etdowmn sequence, for exanple. Preferably, the breastpunp has a
plurality of different prograns for the controll @gteﬁ@éﬁ%gﬁdaéegch program

has a diffigg gnbs,5equence. 30 I n one enbodi nent of tﬁgchﬁgﬁmépn, a
notorized punp (e.g., conpressed air, battery and/or house current) is

provided with a m croprocessor-based controller. Cards, with nenory
"chips," containing different suction curves adapted for varying
conditions and objectives are includes for progranm ng the controller in

this Patents Form 14 dated 10 August 2004 WO 01/47577 PCT/US00/ 42659 -3-
enbodi ment . Aetibaimesie| R0kS sdledies désBell JP6OGN, il tanchrd BathenCRAddby & t hen read by
a mechani sm pruldh By P b O uk SeGARL AR be dofea HPHAE DGOt ed Lhat

whil e suction curveS are ggnerafly addr essed 1 n He ITst 1 nstance herein,

the nilk exprewsisore genemgibe pddeessedrary the| e inviope bereiny Ho SHilk| speressigr essur e

S_Spect - Cg)ge P'ée]ﬁcl’(gefnad?mag@s&ﬁiblhdi aa%oﬁta,e@ejl&emwaw dw;]:rug'.-amﬁmg@md aReli ? i ncl udi ng
i scs, i nfrar, ata transfer ect.roni.c e . §. ....an | nternet

connect i onJ, 3?18’%@&"&?%? &k ﬁ“fl?gggcﬁt,&ﬁsar'{’gﬂﬁgfjae g?”(%t?réglﬁdrt{g\l}%i | abl e

advant age r ealféed éect., bryInteinet cpamecsiemt and jafont i on is the ready ability to nodify

t he _br east punp Suc{ Eigxﬂﬁ t bfAMheleRfcRe ¥RVAISNY ad¥intaghl Etiife® By Qﬁﬂﬁ'&s&{t ons, and
provide this abiljt 5 nt advant age 1s 10 that, as
€

to the end-user. An atten
the sci ence ofVHHEnEWAIMAGY ﬁt@l‘t&lﬁ’ﬁ?‘i‘jﬁrﬁg’g bfeﬁ“pﬁﬂﬁéucgw 2 3 VHER % nd i npr oved
sucti on cur vedeshatcosditing nukmovida thisrbilityed the andatis¢ra Bb attapdpnf adrquaesis car ds, or

ot her  praqgr a@ai., BPHL LteRQ o Brédddpump! coﬁﬂ@ésl‘&?ﬁa]@_ta&\%ﬂfé@,—ﬂéw advapbage is t ha_t the
programmabl e punp can also record datg rel %Hé E’g#’ﬁ&l ts, use u‘%err]d oper ati on.
a

That data coulStFiip o8Yes ad) seapgyiees; 7Y (bg fede avajl %%t ¥ BW8d as by

downl oadi ng t hrogtagHinmning méags.net connecti on, magnetic recording (di sk or

card), and the |ikg, olddled athlafe 5@Wg@\{sa‘hatv‘@é1b1@grgﬁmkb$eeia¢ﬂp daf agdi cal

research, for updati nqt_zﬁ_;he_purrp with _ne%dé}aa, fdor m)ral ttpor' ng?usage, j ust

for some i nsTeAEaEaa riaipg Rt uscand,pRseHon To3 Jpia cpld Re:SpRedlPr BSHS ¢ i cul ar

infant's swcklahdghepadtieehas b ovkiating thogetanm doehd colmediobemagadid t o operate

the punp, and &Qfﬁﬂﬁ?ﬂklo?gnﬂ,vﬁﬁ tle RS TR dath Rériev A WAENE b LLMBin nlellicaf 8L anot her
an |

aspect of the rnvention, . nproved breastpu . Jsuglrowstdfedo \é\/ni ch has a
pr e- pr ogr ammedeserdhk fof updating the RGN A8V i &oT P I RBRA 82 4T RCE™ s nost
advant ageousl| yinstiae avai |l abl e through a button or the |ike provided on the
25 breast punp Use%hf?er,aﬂﬂd&m &Mbéﬁ&ﬂé%ﬁ%rﬁcular infant’s suckling pattern.

20  That program could then be used to operate the purap, and then varied over time as
the infant grows.

In yet another aspect of the invention, an improved breastpump is provided
which has a pre-programmed milk let-down sequence. The let-down sequence is
most advantageously made available through a button or the like provideq on the

25  breastpump used to actuate the sequence. ‘

In still another aspect of the invention, a breastpump includes an electric
motor having a reduction gear system with at least first and second belts conveying
motive power to a movable member of an expansible chamber device wherein a
vacuum is generated. The expansible chamber device is, in one embodiment, a pair of

- 30  diaphragm pumps. Each diaphragm pi:mp has a membrane which is movable relative
to a shell, each said membrane being connected to a respective drive shaft, each shaft

being mounted to a respective belt for linear movement with the respective belt.



In still another aspect of the invention, a breasg&qﬁgw%pﬁkﬁggs an electric
not or having a reduction gear systemwth at Ieasgoﬁh&§&m@p second belts
conveying notive power to a novabl e nmenber of an expansi bl e chanber device
wherein a WPAEHSH i s generated. The expansi bl e chamb&FBEYIER is, in one
enbodi ment, a pair of 30 di aphragm punps. Each di aphragm punp has a
menbrane which is novable relative to a shell, each said nenbrane being
connected to a respective drive shaft, each shaft being nmounted to a
respective belt for linear novenent with the respective belt. Patents Form

14 dated 10 AuQufs’E'heﬁg?g‘c tWer?i%\é}%‘?%&eP%d&@%p&zﬁégas dinBjeltivesent i nvention

in another significa aspec as as an objective tq rcovi ge a breast punp
with one or norevidseperstrume Mith PReCEBPE ANESUHRT ERAPLMEDRE IFEY o produce
advant ageous p@rptddedsladvahtzgechs patenlatised rSuish Ssagemeacessndude budes nobut ar e not

limted to: a fughi0] JRbAhATeS; proRiROF 8-Plor § Wit Rbpid @haidbnsOr e i ppI €
condition; a 5 suction nethod for | ncreased n OdPLICtI n, .an i nproved

| mlk gr
suction methodsuption mdiedrian incggsed Pilker BT of ‘H‘P‘ﬁb‘ﬁes"%'{c’l‘ i3t in. A et hod
for operating genkslgash pehgd férakppia stnadatiomi ppl e condition according to the
present invention I 2 Spetih/d B} BIDLRLIPE cHamURNidgho N a range of
from about 20 m“rHé rqa{?g?ﬁ?g%est_ %acgﬁsﬁrﬁﬁo abfodl'ép Zéoﬂmrlrgnr;!?%e(omgm gr eat est
vacuun) whil e thopeerhitveinRenTerises ARG RGP 0¥ A MM S BETH On Cycl e from
about 25 cycl esfoli20.mndHg (Hadeast veast) tv aut TP moHalibugrearst veypwmadlilei n.  at t he
greatest vacuu ing 8¢ oferali® fH ARSI Pelestli€a€the S an i ncrease
in the nunﬁér ) u‘%g%PSg;sbﬁuhgf eﬁeral, ttjlﬂic}\émf)ro crgmsmi:hsth;t%rgqggeg to provide a
| oner peak vacl?éﬁ%"‘t&\?‘é‘?‘°el“b1"ﬁﬁgé¥°'°f‘!§7‘5't & o EETNOd T'or operating a breast punp
whi ch is consi dguedappledyties] icandrrrdasecn thegunber]of cycles- (fp peedh s BEEB cor di ng t o
the present inygnids O%Q%railmpmmdqganaa@rwmp at a rapid cyclical
rate on the order of abqut 120 cycles/mn...W¢tk LY RreREessure in
the range of about A5‘B°”i°8f‘éBBﬁﬁ““ﬁé%ﬁ?%W%ﬁ's\go%({eﬁggi urdtnherr preferably
i ncl udes a 1spausmitaduper aceadif tp dheiperdent Inveptien FAMPEEFIPF RS IERUPREEh as appl yi ng
the vacuum for , ahqulic LeNoSRESRESE RbutMaE ydBYimin it 4 Rgaiveprtswoe isecond pause.

20 A nethod for opérating a bre uJ A ' QO ¥ehiyalkpidgr aspect of
the invention® ??e%sag"é’g?/oat?%ontg%%lﬁ' B, SHE ALl 0 4

e Vacuumw thin a range of about 100
(the | east . vaeuwer tach eeriesaf voeSon pRpliggHqy ?‘l‘g}"éf‘%’g’f”éé}? Vi’fﬁ'(‘:%ﬁ’ﬁ%on? “whi | e
si mul t aneousl| y 13364hd3 8f vabim, vithaked a kwesebd mpsecycl e from about 47 cycl esimn.

at the greatest vacygl%gdofoggpg,ugng reagt}!&ﬁpea%éoﬁhdzg-to &t akdifdr dspeaisdf tieacuum  such
that for a ower vadeclim appl'red there -is .an 25 | NGLEeAs I ke nunber of
cycles, with a inwetior comprisviepgiesht HedeE WIPR R PIFF (° é’h"y @u%?ofs

vacuum) to about 250 mmHg (the greatest vacuum), while simultaneously varying the

overall suction cycle from about 47 cycles/min. at the greatest vacuum to about 78
cycles/min. at the least vacuum, such that for a lower vacuum applied there'is an
25  increase in the number of cycles, with a cycle following a curve which initially builds
10 a peak negative pressure, then smoothly starts a pressure increase (less negative)
along an initial slope but then slows the prossure increase briefly, before continuing
on essentially said initial slope for the negative pressure release.
A still further aspect of the present invention is a unique breastpump assembly
30  having features including: 2 compact housing design and breastshield carying casing;
and a double-diaphragm pumping mechanism.
A prophylactic device for protecting the diaphragm from fluid (air/milk) 1s
additionally provided. In one embodiment of this aspect of the invention, 2



to a peak negative pressure, then snoothly starts a pressure increase (Iless
negative) along an initial slope but then slows thaenpFenddeaed ncr ease
briefly, before continuing on essentially said inPAresst@Pbpe for the
negati ve MOMALWE release. A still further aspect of PEHESPREHFent invention
is a unique breastpunp assenbly 30 having features including: a conpact
housi ng desi gn and breastshield carrying casing; and a doubl e-di aphragm
punpi ng mechani sm A prophyl actic devjce for protecting the di aphragmfrom
fluid (airlmlk) is additi onaIIy pro'\ii ded. In one enbodi nent of this

aspect of the. invention ents Form 1 t WO
01/ 47577 PCT/ ﬂ%ﬁﬁ’ﬂfé’g@)ﬁ’”ge s{‘ﬂ’mp WrRgm punp enEI mF 5e"5mlev'%cﬁusshemacorrprl ses a

shel | havi ng ategersbemlvith aﬁbmbmbuamhovaﬂﬂﬁéw&!e herisgheriopy %hFPEaOf | exi bl e
menbr ane novapl,gdinb b&.ﬂaétla%xhﬁmrméaaﬁh@ﬁdmb&mmatbawcmmﬂanbadael contract a
vol ume createdlneesgcafnﬁrglr deflneddb HE r ane &the shell. A
mechani sm confédhsiel 2o IgREd 10 enggancas‘ﬁ’ Y vé% fhe 5 menbrane
to expand andmembrbdeactxpirdend/ohteashe VMUp@H‘\pprslsmromsﬂpdiedlelslw"ﬁmglgbhelI t hr ough

whi ch air moves. i o E%%Q%P&Siwﬁs@ t@wgﬂﬁh%&mcm%m%ma s&dh ddde vol une,
such that vacuum can be conmuni cated to a breastshield through connection

to the port. MRoPEREABIPWHGHRISeE Yreastkiiql] thropghrapnestion o eRPfy bet ween t he
shell and the nmemrrapeabhnainted Sietislt esvet sdomedibermere the dell frhdithd. The cover

I's removabl e 1or,.at, i o'?a?étme% eﬁ&ﬁ@;mdnm@wier%mwe ot that end,
the flexible rren% %a circunferenti al I‘Imlﬂ) whi ch the cover is

recei ved d%er 10@%@“? |°Fn°1°21“r‘f$ %‘Hé‘slp"sﬁlasT%lﬁh"“ eafh dhentpbl BmiRTe d8F Pned t herein
si zed to encorp@AmSerdnti@ rifd uPoivhith thh@verdy eteiveduvet el rimoThe kel hasrani n - a

subst anti al |y il bl idhes g0, SOUGL oENGLEN &9AR 18 SRoKSlliot ween ¢ e

rimand shell. S ext endi n rough the membrane is
addi tional |y oftepmdwg ﬂ’éﬂaﬂf'ﬁlylatﬁ%ﬁhh‘& @ﬁf&[féfhf"&'ﬁ' ansélg?Sk?ﬁBTWéﬁ’et he menbrane
and cover. Yetippgathar 8i@eiwki cantexesdigChroogh théeepbrasan bdditivediyt i on i S

consi dered to bekdghglg’aﬁé%xha&ao%??@@ eer?ﬁ%@%&% cShiClves @ rotary knob, which

is used to°si R suction level as, well as rate within
a sequence. In th|\éﬁta@ﬂ@t%lmwﬁtwwwﬁ%rﬂ‘ﬁﬂhm@ﬂ‘é‘ I8 GUEHSH ©P6fce” and
"speed" are tlnﬁﬁha’llpgﬁetnhwrcommamhmsmebm knet, ahicissisedpto sp@itpwoushye suct i on

force (Vacuum i 3 S Et?o%slg\gt asf \%l E%:ﬁm 4 Qﬁueﬁ&t e[n(tﬁﬂ(ﬁlp@&t of shedecr eased,

as the vacuum | B decr e I NCreas hese aag éher features
and advant agednvertiop.Hie %B?tégeﬁq’t‘“" ﬁﬂi’/e‘ﬁ?"l“oﬁeﬂﬁdlt?ge é“" ?rh‘f“f"FféFe H§8Pst ood and
appr eci at e WRHheC&DI BRde@chcium) islciased fort epaniive the citd (exsichig decreased;

as the vacuum is decreased, the cycle increases.

These and other features and advantages of the present invention will be
further understood and appreciated when considered in relation to the following
detailed description of embodiments of the invention, taken in conjunction with the

25  drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a front perspective view of a breastpump assembly made in
accordance with aspects of the present invention;
FIG. 2 is a side elevational view of the breastpurap of FIG. 1;
30 FIG. 3 is a rear perspective view of the breastpump of FIG. 1;
FIG. 4 is a perspective view of the breastpump of FIG. 1 looking at the

bottom;



detai |l ed description of enbodi ments of the invention, taken in conjunction
with the 25 drawi ngs, in which: BRI EF DESCRI PTI ORptenfs ForHE dBRAW NGS FI G 1
is a front perspective view of a breastpunp assenf?Hu8d8%9 n accordance
Wit h aspedf@0@fs’f he present invention; FIG 2 is a siPGEUIMESEL i onal view of
the breastpunp of FIG 1; 30 FIG 3 is a rear perspective view of the
breastpunp of FIG 1; FIG 4 is a perspective view of the breastpunp of
FIG | looking at the bottom Patents Form 14 dated 10 August 2004 WO
01/ 47577 PCTIUSOQ 42659 -6- FIG 5 i% a top view of the breastpunp of FIG
1 with a cover renpved. revealing diaphragmpunps; FIG 6 is an enl arged
side view of the Bf@asiSultp visw |‘h§bfﬁasaﬂr%1e‘éﬁlﬁ- f ath HEVEIRPREGNI i ghti ng t he
program card reveatiig digph@gm pnpk;l G 7 is a bottom perspective view of the

br east punp of FIG oW t : 3 i somewhat
expl oded assenbl yF\_I/(:s'es\jvpoa}qne?ﬁgﬁngﬁcoﬁg%gﬁéﬁg%&gﬁ g}OftF @écﬁagg%egt:tthgurrp of FIGS.

| through 5, Wetiop highkightingtheosragpratddwet s¥tor t he di aphragm punp assenbly; 10
FIG 9 is & di agr #neet isG ol @sepettat ivRWw obfthet Histpunipedfad.i I0sho®ihg vVar i ous
conponents w %th %cgrpetn{,ol ler; FIG 10 is a schematic-type representation
of a data stor ag’@’ ang retrieval process that can be effected in accordance
with the present iF¥®risi omewiRt @glodqdassemblyvig ofitie mgies corapopentssf et hods

(curves) for epekmhbBEFIGES thrlnl%!')bi SRS1 PUdARA6) cBvet fob the BGpHARATUME! G 15 is a
front perspective, view of another enbodi nent of a breastpunp assenbly nade

in accordance Xt aspects of the invention; FIG 16 is a rear perspective
view of tHe FIG HGebfbodi diegrmm#icGeprestntition sofstherdotbrattionopl veds assenbl y

view of the ngjlonGRNRARR™ERE; 20 yet another breastpunp made in
accordance with t [ d front

( _ he present inyention; FIG 845 n enl arge
per spective view ﬁG't He's foteBFmalt Poe " Brecpiien Q%r"ea‘l'ts‘?t %’tﬁa a?f?regic@' 17;
process that can be effected in accordance with the present invention;
FIGS. 11 through 14 are various methods (curves) for operating the
15  breastpump to differing ends;
FIG. 15 is a front perspective view of another embodiment of a breastpump
assembly made in accordance with aspects of the invention;
FIG. 16 is a rear perspective view of the FIG. 15 embodiment;
FIG. 17 is a somewhat exploded assembly view of the major components of
20  yetanother breastpump made in accordance with the present invention;
FIG. 18 is an enlarged front perspective view of the motor drive of the
breastpump of FIG. 17;
FIG. 19 is a view similar to that of FIG. 18 but from a top perspective;
FIG. 20 is an enlarged assembly view of the diaphragm pump mechanism;
25 FIG. 21(a) is a cross-sectional view of the assembled diaphragm pump of FIG.
20;
FIG. 21(b) is an efevational view of the assembled diaphragm pump of FIG.
20; .
FIG. 21(c) is a top view of the assembled diaphragm pump of FIG. 20;
30 FIG. 22 is a sectional view of the assembled breastpump of FIG. 17 taken
through the middle of the breastpump along its long lateral axis (side to side) looking
rearwardly;



FIG 19 is aviewsimlar to that of FIG 18 but froma top perspective;
FIG 20 is an enlarged assenbly view of the di aphrP ghtf 4ﬁ%§‘i9han| sm 25

FI G 21(a)‘ﬁ@ qsﬂ;ross sectional view of the assent m punp of

FI G (b) is an elevational view of the asse | aphragm punp
of FIG 20; FIG 21(c) is a top view of the assenbl ed di aphragm punp of
FIG 20; 30 FIG 22 is a sectional view of the assenbl ed breastpunp of FIG
17 taken through the m ddle of the bypeastpunp along its long lateral axis
(side to side) |looking rearwardly; Patents Form 14 dated 10 August 2004

WO 01/ 47577 PCT/ U%@@/ﬁ%%%emo%r V.Ewmu%%olumfﬁ%cu w&l al%'gea 1§agm lar to that
of FIG 22 taken al o%tﬁ;w“g?ane forwardly of that of and FIG 24

i s a secti onalforyigie Zo"hat of FIG 22 taken aI ong a pl ane behi nd
t he el ectric not orFi¢.ozakis AGgedtiatk view sitilamt .thab o DEGARL RerDIESERI fahk ON OF

EMBCDI MENTS OEeh ﬁ%ee%ytﬁgg;ktmookm %ac?'io%%punp Assenbly Refer .” ng t_O Fl GS 1
through 7 initrally, east pu assenbly of the present invention in one

formhas an a eticall t ' ousing for the
maj or corrp(f)neﬁ)fér"‘d*‘EPPgsﬁgﬁtﬁ@%gggﬁﬁ;%mﬁgﬁ%%@?@?gl d high inpact
10 plastic. ASheBoasipumptAdsembln general |y el |ipsoidal cross-section along

its vertical axis, Refeyringltdin@g PthRL@AShitgy STBMatthunplikéinbig of 18OKest@ t he casing
exterior. The casin housi ng

en n
part 11, to \/\/f'ﬂ"&’ﬁm?g“’&? PF&B’H a&"“’i‘fg‘gf"g]yr?gw"ﬁand‘fompicégcs'lgx ﬁﬁh LPSF'igr st
enbodi ment , ¢ dorrtiyei megpr hempbhentsi? thaasserbhpia p casivg 1@ madtof g rigig highimpaet i n 15

opposi te egds plalifer @Qfsho“:l;hﬁ‘ﬁfs acgeaé#zllﬁsmgs‘é.darca,saﬂa%mng@s\re@mw@ and support
t he funnel portl ons 16 of res ct|1v§( grﬂg Shl | ds 1.7. Thefoe br east shi el ds
17 (sonet i mes YielBgey plgggng 6‘“?‘1% da8 NG elﬁlﬁbs SPESI Phe type shown
and descri bed closedldt & uppEtadneé by aiNoppethodfuk B8 1 1.an cvhith 920fixe0 @ carfying | nst ance.
Further detail rsfgarding the breastshields 17 may be obtained through

reference to t ose patents but wi 8 % efsr} ce the
i nventive feat ur es s FeieRbodiment m”%’mégaﬂfﬂf %’ﬁsﬁﬁa“ é”ﬁ%st (o)) ‘{]'i"ngent upon
t he breastshi epgbsizendsghensédThesaradiontf axsadapteditareepide ndruppott thetfbmmelt ask of
portions 16 of respective breastshields 17. These breastshields 17 (sometimes
referred to themselves as breastpumps) are of the type shown and described in U.S.
Patent No. 4,964,851 and 4,929,229, for instance. Further detail regarding the
breastshields 17 may be obtained through reference to those patents, but will be
20 omitted herein since the inventive features in point in this application are not
contingent upon the breastshield being used, so long as it is suitable to the task of
milk expression.
In general, however, the breastshields 17 have the aforcmennoned funnel
portion 16 which communicates with conduit structure connecting to a container
25  (bottle) 18. This particular breastshield 17 is adapted for both manual as well as
motorized pumping. It has a collar 20 to which a manually-driven piston pump (not
shown) is screw-threaded for attachment and use in one mode of operation. When an
electrically operated vacuum pump is to be employed, there is a port provided inside
of the collar 20 which is in communication with the funnel portion, and to which a
a0  tube from the vacuum pump is releasably connected to convey vacuum to the
breastshield. Again, such detail is well known, and can be gleaned from the foregoing
patents, among other public sources. In operation in either mode, the widened
(conical) portion of the breastshield 17 is placed on the breast for drawing vacuum



m | k expression. In general, however, the breastshields 17 have the

af orenenti oned funnel portion 16 V\/m ch communi caités rotnt 11 daeadui t structure
connecting to a container 25 (bottle) 18. This Pafegueid’dt breastshield 17
i s adapt e¥OPB#’SHot h manual as well as notorized punpiGT§S'¥4shas a collar 20
to which a manual | y-driven piston punp (not shown) is screwthreaded for
attachment and use in one npde of operation. Wien an electrically operated
vacuum punp is to be enployed, there is a port provided inside of the
collar 20 which is in comunication #ith the funnel portion, and to which a

30 tube fromthe vacuum s, rel ea al I con ected Lo, on ey vacuum to
the breast shfigindhe Eﬂ f’n’Ezl n%ibﬁ 19 PYRIRB IC® %R\ °be gl eaned
fromthe fore;gaegtngnlk@ra\wreﬁmsthebxmtngcw@bémmhmﬂpdﬁ sources I n operation in

ei ther mode, the Mbﬁ'eﬂeﬂd 1%%9&', & AolifiP® erdrff foP fine LURGsthl gl d 17 is
pl aced on the breast for draw ng vacyum Pa%degts Form 14 datﬁfl 10 August

2004 WO 01/ 4P8mberyeing Wisd brraip 56 t°8‘m‘\7ﬁ RupPRritcd 2o 1819 YeBI98 “Wher eby dr awi ng
m | k t hr osgh baeagishields N7 ark asteendiappy the blantlle 12 hiet inffrad asstearribd ik hdideewn from t he
breast is coljec %Lrggjtbaemgom%{te 18. FIGS. 15 and 16 show a nodified
exterior for the breastpunp 10" (prime nunbers being used herein to refer
to simlar but nodfieilstyeMetors). In this version the 5 breastshields 17 are
not cradl ed by t hReféradptb €1G.3' initiklly} cabsing 1 ed aalries witr2s inedntedithacibol der 26

mount ed t ot B BaEK, lontd! G llber ot Hifes ol ¥y MO Rl Ronds0 FI G 8

initially, casing ve uni ted therein here are, of
course, aMy rvu‘rrtﬁeﬁhowfuseﬂrm #@sﬂs@ﬁﬁnb?ﬁa'ye"bemi’fﬁ%ﬂ‘cft@F otfumBFiiREBunps 10 such
as those useqnm &th;e.slnets:tc&e@m@mmdemtcmmmadpf thé predentpeventfon punp

(di aphragm pl'E n' mcc a)nsm ?&hntge bregsgp%%%ﬁdv{"yfo§hlg@mﬂaeoq%¥ tﬁbuﬁer tain aspects

of the presen ani smtar the breastpunp shown
for the enbodlowem, 11 nlllpfell Hive fOTHhﬁlﬂeﬁPéﬁagm PYmRg cpsifdngrof @rpdyeion fVe he di aphr agm
punps consi st agkedént tda@VIId-ARod8i ve arrangenent and a 12 V DC-notor 28.

15 1t wil| be notfmléhatw&]&tm@& & %n@lgg“;g&% bstypsg;n@gttﬁa@ggy the sanme as

that of BIGS. 1 exceépt for a cover faor the upper
housi ng, whi cHGBek ’élroug}nbleu@etsﬁ’{ héwf“ftﬁ WPVEHYl q“'s“P}Z?I hogiings WHChiKphr agns 34 as
part of the cg@fes 82.rigiihdellsdi4aphtha gripipepnp 430 pwi bf thbeoeudt- h&he descri bed

ihﬁ\r/gﬁ{ e Fl S fm SIS0 ¥iitbe ARL MGG RG4LRG. Of a breastpunp of the present
FIG. 17 shows yet another version of a breastpump of the present invention

20  substantially the same as that of FIGS. 1 through 8, except with a modified cover 35°°
and shell 24" for the diaphragm pump 30. The breastshield holder of the FIGS. 15
and 16 embodiment has also been slightly modified. It is with respect to this FIG. 17
embodiment that the majority of the interior detail of the breastpump will be further
understood. '

25 Turning now to FIGS. 18, 19 and 22 through 24 in particular, the reduction
gearing contains belts 27a, 27b and 27c. Power is transferred from the shaft 29 of
motor 28 to belt 27a. Belt 27a is received in a channel of wheel 51, which is mounted
to the drive chassis 62 on rotatable shaft 52. Shaft 52 is fixed to rotate with wheel 51.
A freewheel 53 is mounted on a shaft 54 fixed to the chassis 62 to freely rotate, and

30  engages the outside of belt 27a, producing more surface cngagemcn't by the belt 27a
with wheel 51.

Shaft 52 has a small toothed gear 55 mounted thereon. Belt 27b is toothed,
and engages the gear 55. Toothed belt 27b furthermore engages a larger toothed gear



20 substantially the sane as that of FIGS. | throu%0 %)a%eﬁwlth a

nodi fi ed cover 35" and shell 24" for the diaphrag

br east shi el d hozder of the FIGS. 15 and 16 enbodi nent has also been
slightly mof?¥“%d” 1t is with respect to this FIG 17 CHi#8dfent that the
majority of the interior detail of the breastpunp will be further
understood. 25 Turning now to FIGS. 18, 19 and 22 through 24 in particular,
the reduction gearing contains belts 27a, 27b and 27c. Power is
transferred fromthe shaft 29 of notor 28 to belt 27a. Belt 27a is

received in a @bmeedm@{mgvyﬂmuﬁhs mh&fu)l Barl WY QA 66lis smxtgdiﬁ‘cdfgéalrve chassi s

62 on rotatable shaft % xed to rotate with wheel 51. A
freewheel 53 i 8HEMt @6“ &ff: Hh'glhﬁf‘ E?athfrdu BT 52 Y eAaIPUheg sy o freely
rotate, and 305&nGag®ss fulvdly ootsedde ropfingrbift 702 Faxed P et el ofi ghafydd ee sur f ace

engagement by {hg tE’o%eE g?a?@)a,%fa hTM@@{)elégﬂa, %Qésbecﬁw?clmgag@ a4, toothed

gear 55 nounted thereon. hed, d eéngages the gear 55.
Toot hed bel f 275’"I“ﬂuﬁfﬂ‘?’é\"ﬁ‘ﬁ‘ﬂé"°§’ﬁ‘b§@‘é§3aa73f’arger toot hed gear Patents Form 14
dated 10 August 2Q@G«hMgh Qﬁih&?@isﬁ/pﬂmsildﬂsmi%sfa& respBetivap clhinpeddot 0 rot at i ng

haft 57 (FI GS 4 ti
; 8a Bel t (27C %?ﬁé?ﬂb%ﬂ )one Tﬁ)c otﬂ:?aeﬂd %@gaéc% t)?m% ior &Oat na%fictg'ga: O'P(f:‘l)re dl on

ngages gea
gear 59. GCear 93ghrigsm '\“i")bé’ﬂ‘? ?efﬁ‘ﬁtﬁﬁ@@ %mﬂdisaﬁeﬁbG%%w 217@) Ksrscad at each
end of shaft 7Qcm':w S gagtiddnt lvith @O iHaRY4g T8 Was 1ded, withlhhrealieDdubiad chakits 72a, 72b

respecti veI e Jears. la, 5 Y t ed gears 73a,
73b. Di aphr gﬁg'he pus °°°d Sahrﬁa tsmt}'f?e%JalchB dE‘let‘h‘{l}’es eﬁuln’vel y cl anped
to belts 72a 3?2'19d@9ﬂh9ﬁe1!e¢r€idmﬂﬂélowih%qth%fﬁEFlé*ﬁ'yaﬁ’égs'f"'Hé"' pe¥ipor of a
respective di apldAeaiveePfraeaivewnbes 3¢ (FIG 22, and al so see FIGS. 20

a.”d 21( a) ) . Here, cf;?r?ixéngasergg.axg& Sr?lt ﬂ]% mrh])s tbh?Z?%b&at&s shazi ’vna W gelwas used,

with a threaded nut- PeRent arei central area
of menbrane 36 5{-aBiATb Etmwﬁﬁhﬂa‘gwiﬁefrﬁp‘é“efsﬁf é?@“&é%’@ﬁ'@é’éshaﬁ more detai |

bel ow) . BOt1E F%ﬂdﬂ.&%hﬂﬂﬁ;h%w&hﬁé& gcax?ﬂsamd MBalW@HﬂtiBﬂoﬂkﬁ@d&WfMﬂ” ven byb |
respective belts 72 2b. cordi | Vers 9 turns elt
27a rotates shéFtbelBgycﬁzﬁgﬁ??@gT gearé’f'?%%ﬁ g’fefﬁwgglﬂl t'l]"?srge{]'ﬁ ';wt% driven of f
of smal |l er geariag8rs Halidp tegpelot2at’R Horsrting p lifepr moygmegyto "W?P%‘FFSF turn rotates

| arger gear 56 7364y t £ forhRb L;ﬂl‘thdﬁéb&&kwﬁ‘g,sudke ist desmraddy thtoughreRalfdf thé0 vi a bel t
27¢ which couplce, QAT HPRldon® Maldlod BLAR is SRRIobERes btk iBFher s Lhe
nmotion via geg}z gﬁ% ?IB: tf % ggaﬁr?ggi Inparting a |1 near novenent
to the pushHer abpadpriate sclectmn of thc va.nous gears/wheels noted above.
The location of the shafts 74a, 74b along the path of travel, as well as the
length of the stroke, is measured by position sensing mechanism 78, which can be of
any standard and well known variety. This sensing mechanism 78 uses a toothed
whee! 78a mounted to the shaft 29 of motor 28, which is registered by counter 78b.
25  Signals generated by the counter 78b are processed by the cpu of the breastpump.
A negative pressure, or vacuum, is generated in a pair of diaphragm pumps 30.
Each diaphragm pump has a flexible membrane 34 mounted in the upper housing 11
assembled with a respective rigid shell 24 (and see FIGS. 20 and 21(a) through 21(c)
described further below). The membrane and shell are in substantially airtight
30  engagement. When the membrane 34 is pulled away from the shell 24, a vacuum is
generated in the space between the shell interior and the membrane, which can be
accessed through outlet port 31 formed on the shell, to which a tube 32 is connected

to communicate the vacuum to a respective breastshield 17.



74a, 74b. A forward and then backward stroke is generated, through reversal
of the notor shaft 29 direction. Reduction geari mgentsFdridkdaebdt ai ned as
desired through 20 appropriate selection of the V ﬁP@ﬁbﬂ?éars/mheels not ed
above. Th@mVB8§T1on of the shafts 74a, 74b al ong t hePPXYHRYEFSt r avel , as
well as the length of the stroke, is neasured by position sensing
mechani sm 78, which can be of any standard and well known variety. This
sensi ng nmechani sm 78 uses a toothed _ yheel 78a nounted to the shaft 29 of
notor 28, which is registered by counter 78b. 25 Signals generated by the
counter 78b are pm&&%@m@yﬂmﬁu&guoﬁm n&spéuﬁ%t/ﬂhl%cdaﬁ fegati ve

pressure, or vacuum generated I'n a pair di aphragm punps 30. Each
di aphr agm punﬂemc'&c“f’ Ib@S?{Ybi9es“ﬁ‘?3ﬁ9(fr%?ﬁé’ 8Y Iestivleadyeif fvee FREhAESHES housi ng 11
assenbl ed Wi t batterics. € BPAE trd 88 Isi phovilied tred wragdrofr@intbusicenvehi€By 1i@ledand 21( a)

t hrough 21( C) for gescrlﬁ?%dlbml{hctdg%m pﬁLcOl% h&ﬂﬁﬁgﬂ‘@r E3le7 7%9&5%@ | are in

substantial ly ai TET engagenent nbrane 34 is pulled away

from t he shel #! @nnedam&hezdbmhwrshousgf@rﬂér@wa whish tligbatispiect? Feinfeeh t he shel |

interior and fbfe s RMRed WilthiirCde Cﬁﬂg b havang coBS @Y fdrieGieph ROGIT et port 31
formed on the she is connected to communicate the

vacuumto a r%’glﬁé‘éetqceiofﬁl?ewégpt%w‘“‘lldtfe %"tyPatents Form 14 dated 10 August
2004 WD 01t 47577 PTh¢ SisgBCPwiRB Byerselg Qontfdjing VasuymandRaded eit her t hrough

ordi nary house Cunqn%moﬁwv@ehlapm4%545:@ﬁ@ke3ﬂs grls&mﬁaasmmggamcibattery 39,
| ead- aci d .t char t{altterl es. Power

such as a pair 6V,

cord 38 id pr‘E)"t‘/‘lb(‘ié?ia"bﬂr %’W‘ﬁﬁ" Ryt Y- %%E‘f“m DRV R en?lp“h1bocat ®d for

storage in a tisembpdiménhench dtalsomrscd canpred tiegmeynt Wﬁ@lﬂﬁ@elmpphqw FIG 7 shows

‘2’8' I's 5 41 fo&g‘iﬁob%m'oﬁte& Q%;ghgwenémldsamg ué@asamrQMRMb qz-hellbhehbat teries
are inserted intogr |nt e, ca avi ng

covers 42 for VW (1%‘1“?%&” épﬁag a?plseg'rﬂo ?eé%%%”g Sl ﬁsetm\%\icrdag'1 nount 40, for

clarity. - ThethSiempbdimé&niat b suctiondforseis jnoesed, ﬂ’@lcwer{g!tei/aémeénﬂ‘al?ate An on- of f

swi tch or gnoﬂ e hend f§r€@arglir§brse%)rela§d PIRY isdB8rkideiRd I RveABdnBREial Whi ch 10 can
be rotary or push-button to that ‘en It i s nonetheless rotary and

push- but t on |ﬁﬁ°°%ﬂh§'“€hﬁ(9mhff’éﬁf°r§??? 8%t also acts to control the amount of
vacuum bei ng appl i-Gtke Figtion dndickmob 45 is rotated, a signal is generated

whi ch increases OrAd‘éiﬁGJai‘Pﬁﬁﬁc Er&ﬁ‘ tHe @¥Bror Of the MBELINS 6£UDlesﬂﬁy fpsce) to be

appl i ed, dependl n t he knob, i ovNseadelleSipgMoodi nent,  as
the suction f8HEE ‘dg‘”'i W‘t‘tf"égg‘ pr‘uoeg”"(‘:Tl Hes s StOLt[h)e?eq'd S?J gésee i That 15 is,

the rate and popommaieaspwseritekyby @$cais@diﬂ "TPFﬂ detal! $elewn MiMPtI™ o have a
benefi ci al button 49 is used to activate a pre-programmed suction sequence (embodied in

components to be hereinafler described) particularly adapted for let-down and

stimulate the milk ejection reflex. The slot 50 provides the interface access for

programming cards used with the breastpump of this invention.

25 The display 48 provides visual indications of various functions of the pump.
This could include, for example, the type of sequence then programmed, the level of
suction force, the battery condition, and so forth.

—The Diaphragm Protective Covers
In this embodiment, the two diaphragm pumps 30 are in a well formed in the

30  top of the casing 10. A cover 35 (also 35" and 35" (again, primed numbers being
substantially similar to their un-primed counterparts)) is provided which fits over the
well and is generally flush with the upper housing part 11. The outlets 31 extend

through relieved areas in the cover 35, for example, for easy access in use.



effect. The knob is pushed in for on and off. -The Function Indicator
Additionally visible fromthe exterior of the casPP}g‘sl@rW 4t CD di spl ay
48, a mlk |let-down button 49, and a program car dOSPYE BB (t he | et - down
sequence WEAV4BBT programmubl e aspects will al so be dFTEFLELH®i n nore detaill
below). MIlk-let down button 49 is used to activate a pre-progranmed
suction sequence (enbodied in conponents to be hereinafter described)
particul arly adapted for |et-down an_ql_ stinmulate the mlk ejection reflex.
The sl ot 50 provides the interface access for progranuning cards used with

the breastpunp of thisg inyv t' n., 25, The 4 r vi sual

i ndi cations of vaplnlﬁ)j} tﬁ‘ﬁ]’l oﬁ%seﬁ g‘hm Sqow"p}ogé{tﬁ §u§0.~§¥ %?%gl ude, for
exanpl e, the dmppdéimett of Ei§.&ndTde fffeﬁ7pmb<§*ﬂ%ﬂfﬁ’r’!?d theshells |2& wepntesfin asuct i on force,
tﬂe baﬁﬂt)eay C)QHB”agl%] QhnneR ) uﬁou op& kdising; BE @nrbigR RNEnag it RF Git@fefehace gover shl n -
this enbodi nent, the two hra med in the
top of the ca“'é‘ig?ﬁém‘?[‘é s“"‘h\“i: n @%&F@%P@ﬁgé(ﬁé@ ?éw’%‘lﬁh {1 i med nunbers
bei ng subst amtalla\lvleysxmameisaﬁor tleanink @ replpning itiemanbenermnefathp ayerie) i s provi ded

which fits ovgrenlif, an\é%r cleRh dlesshg@'ﬁ@ﬁ@éldcyﬁ“fhlch'&'a pWividb Wilkerippmer  housi ng
part 11. The outlets 3 extend through relieved areas in the cover 35, for

exanpl e, for @é@fﬁ"a ess in use. Patents Form 14 dated 10 August 2004 WO
01/ 47577 PCT/ USOOAAREES. 17 dnibeditént, maphriggn motbedortnkeaibranddd, whiegh hay 24 are shown

formed in the cover fagt, s&.&ﬁy @Jmie%g;glleamoéumag@um&npcms FikeGial @benbodi ment  has

the shells 24 noun rempvabl e manner ing, as
t hr ough a'&napirtight), S‘GP a %‘ftc@}ef“‘é‘PéﬁE‘ée A@F‘fd%‘@%‘ﬁﬁﬁfﬁ“g%{}gﬂtc’g@ '§H‘8@ﬁs| n the
enmbodi ment  of arE\lm@Ss pe?anetaxrtda Adid plpstit bﬂlmﬁjh Callbf 89 has &plbrelitpbfldopendingsi er access

for cleaning or o) &%&%ggmmgga@ sm and for
cl eaning the &P ] 5)St‘c‘tai{%’)emse vescp? §d "Provi |

are rovid J, ﬂﬁ“gs 33 to these
ends). Int hethP’thc EPedtyh bell ﬁé‘l‘?t“PP"dlh%fﬁﬁﬁa n’é‘f?ﬁ’e’?’ iy the0 de 34, which
may be nade ﬂ:f:exﬁﬂ}bsﬁi#ﬂt&bhymﬂ'mfeabh@laﬁé exi bl e and durabl e fluid-inpervious

material (to be 10 air QNEs W% L iShaK @nd hardness in
t he range df 30 t% la c@m%tde)séi ?53@?1/01%n%ﬂslecperl rret era tlo ap%g?l d plastic

collar 85. mhdvamggsnslmasovﬁeqomicqurﬁf“ ver s iambreey 24 skt s 86 with
out board flan@eﬁaifr@crdrmrmcemombmhsmadseﬂgagzeew&,wh@h@nbmmef lip of the

respective We e same ma@nalwg&wnn)%@ YABhiRARE tare hikeWMe frldid Bmpéhiicull t he col lar 85 is
Referring to FIGS. 20 and 21(a) through 21(c) in particular, each of the covers
20 36 has an upturned cuff 87 which forms an annular well around the perimeter of the
cover 36. A pair of circumferential beads 88 and 89, which are slightly offset
vertically from each other, are formed along the bottom area of the annular well.
Uppermost bead 88 engages in an annular rim channel 90 formed along the bottom
outside of shell 24°, for a substantially airtight engagement between the protective
25  cover 36 and the shell.
An interior channel 93 is formed within the interior bottom of the cover 36 by
a bead 91 and shoulder 92, which each run circumferentially around the cover. This
interior channel 93 is received on a slightly protruding edge or rim on the collar 85 of
the membrane 34. An airtight fit is thus provided between the protective cover 36 and
30  the membrane 34, which also serves to releasably fix the shell 24 in place over the
membrane 34, and complete the diaphragm pump 30.
Note also that a one-way valve 95 is provided in the membrane 34, which

communicates with the possible space that may form between the membrane 34 and



di sposabl e/ cl eanabl e covers 36 are additionally an ate Busl y

provi ded,ww Jormfit over the diaphragns 34 an hem fromair
and other "f1Uid from the breastshields. The covers 36 ﬁ can be nmade of
the same material as the nmenbranes but thinner, are Ilkevm se
fluid-inpervious. Referring to FIGS. 20 and 21(a) t hrough 21(c) in

particul ar, each of the covers 20 3@2-has an upturned cuff 87 which forns
an annul ar well around the perimeter of the cover 36. A pair of

ci rcunf erent i@JErlﬁ%aEtﬁ'erS& al'l'dlsaalvc\/}ﬂinﬁth afty @ntSbped hdirl Hreretfefazat to Veerti cally from
each ot her [ I f h

Upper nost beaé‘g Sumas'fotpe?lﬁ%nsggg ngu?lhgrﬁ%c'ﬁ % w{gw%g%?(g%#ez al ong t he
bottom out si Wi the Prsthfélw copef'36 mpmﬁeathmwmtheamvym@r efthegitphregnyagenent

bet ween t he p3“4qsaﬁlt;ﬁNangém@pueaﬁfa&@ea@gentehe shell. An interior channel 93
is formed within the interior bottomof the cover 36 by a bead 91 and
shoul der %2, WeiRrbgremmhble Aspeds rcunferentially around the cover. This

interior channel 83 kisnifidft Speactf% &s&ﬁhxﬁ%}ﬁn}bﬂhsﬁﬁ@&ﬂ%@o'}%gﬂﬁt&ﬁe grbrltm on me
| de etween e

collar 85 of therrewb‘?g ﬁga”tlg t is o%/}
protective c OVEFPURP Wi HEeY NECS SRR RS ?Kﬁ?'céeﬁ eé'c?resS%'P $*to rel easably
fix the shel Ire&#ed to hedeic eVitvreferetdado FliSie fbfomingange) 1h¢@r¢dstm1@mghle!tsea t he di aphragm

punp 30. Note §8cés£aﬁsas@d 9485 v;@xatydadns@waéh ls%r@fd@Nbsgﬁ%ul firduf}ifa MEMDF ane 34,
whi ch cormunl ca ossi b gace hat nmay form between the

nmenbr ane 4 apleralsy of nthip” PHFL?T‘F 145?35? GO LCE 0584 PR BT 577
PCT/ US00/ 4265@&ogramdsirecotdéd bk gu'EEj’ROM/EBor S6mpld,leach cord leondd qoetrimh trsciimy ent r apped
air therebetV‘@F&f%&agx@%alﬁ?égﬁt“§hﬁﬁibet-&%Iaeqaécéf the fast stroke on start-up

happens to be tective cover 36 thereafter

then fol | owi ng the““rﬁﬁ?@ﬁ’%?mfﬁ""’"f*ﬂ‘&r af%m&&?ﬁﬁé Y WRHEER "% || general Iy
be in facial engpgesrent Atbel PherePEERROMMijrad risioentdleOnB4€igniof i cant aspect
of the pr &S €NfnolnBY €Hhds0 r}rdv‘?ﬁctdﬂgut algik! &t Mechdly, RGN RMBohdtred rSRf) PUND Wi t h
different types of suction sequences, or cycles as they are sometines
referred to h&fgeRt Wth reference to FIG 9, for instance, the breastpunp
utilizes a nicrofhepessnoy shasagnmosof whirk ﬂdﬁ@atbe@he%ﬁwmomfli s provided
user input t hﬁloaucg)mveﬁ’itl(;ngl rﬁiﬂ“&az{nhtv%ulgfbc pRJbid to(il%rrﬁtﬁheﬁgeadyE@-GJé. apep card

contai ns one or nore eterm ned ded. on. a PROM For
exanpl e, eac hpreé?‘ﬂmﬁdcﬂmpcfa‘ébﬁﬂ‘sé‘i‘ﬁq o @Eﬂ%‘% %'}fc backco? the casing Bt

20  engages an interface to the microprocessor. The particular program on the selected

received to snap-fit the nenbrane 34 in place. 15 Pro %}7 c (protective)

chip card 61 is then communicated to the microprocessor 60. Microprocessor 60 is

integrated with the drive unit 25 to effect operation of the drive unit in accordance

with the selected program, drawing upon either the AC power source as converted via

standard technology to DC (indicated at 68 in FIG. 9), or fiom the battery source 39.
25 The microprocessor 60 can also control power management.

Suction force (e.g., the amount of negative pressure generated) will typically
also be adjustable by the user via operation of the rotary control knob 45, as noted
above. A pre-set range for the suction force will nonetheless ordinarily be provided in
the program as an initial setting, for adjustment by the user thereafter via the knob 45.

30 One embodiment contemplated provides a milk let-down sequence (milk
ejection reflex) that can be engaged without need of a chip card for the same. The
milk let-down sequence (described below) is pre-programmed in the microprocessor

60, or may otherwise be wired into the circuitry in a manner to override the then-



type of sequence along with a mlk | et-down sequence. An EEPROM

m crocontroll er of the type MB90562 may be used, fBatensiterm dxiatapl e, or the
At mel 2-wire EEPROM chipcard microcontrol | er AT24Ci%AY#20045 anot her.
These proWQ¥43Hbut 16K of menory, which is consi der E§UHPR4YAL | vy
sufficient. The- prograns (some exanples of which are described hereafter)
are recorded in a conventional nmanner, and woul d be provided to the nother
ready to use. The programred chip capd is inserted into the slot 50 in the
back of the casing 10, where it 20 engages an interface to the

m Cr opr ocessor,,. .. (5l %” ar : I J ard 61 is
then communi ca %lérgtg %°pat%1|éebr8 cr'p“&%’gggw%&%lnatﬁggﬁﬁgzﬁﬁﬁ&g%@i S

i ntegrated w PEssehtie Puitapetdy fibich 2epducss @pd sods Fhelriehendy 2t ethdrive unit in
accordance Wnlidlopkdetesss @b.enit Reldddm@eppamis tlenaikdag. upon either the AC power
source as convert via standa I indi at 68 in FIG
9), or fromthe bgg‘f"\élrbf/m"s’dglﬂr" ?:dgcrsg’gq &,g%gn‘%ﬁ%% %?g?& %ﬁ%&g%rggségﬂgan al so
control poter nhaereqrese§f. Olrdtobigpransreld by wedy such phmorg Agdigpied tyftomegat i ve
pressure ge?eﬁiﬁé ®6Hon 9! leach Yspi ﬁjﬂckkuytebaabﬁ& bQuenclj pisipalamlly intdh@euser vi a
operation of the rotary contro ob ,45. as .noted_ ahoye. re-set range
for the sucti GHIREIEE WP 12“}5“5%’511’ ?fg oug &epiPY ?eﬁg? }npgaﬁﬁpﬁg\ﬁrﬁgﬁlsi n the
program as an chuld bd mrbvided thrqualyan flesirondeidatrdinkeesneh 45y madem, s eticalliedreaf t er vi a
the knob 45. 3@ enbodi ment contenpl ated provides a mlk |et-down

sequence (mlk ejection reflex hat can be e e i t hqut .need of a chip
card for t'e same.Dam®" 2 pace qE%&f}mécé%ﬁ[?éﬁ%oé?%gg%@?a:y'ﬂ%o %%ﬁf%m i's
pr e- pr ogr anmedo ihe cifh@rdrilaracprid dests direct!p Goordad omthg chip has¢. vifos mstinse.wi red i nt o

t he Circuitry-éagc IR Ehatla? QUGHS Al deRGarkimn LG 6 Evorded 4@ dated 10
August 2004 WO 0147

77 PCT/USO0/ 42659 . -13- existi.n erating program
When the not hdfdugrddq # ¥8uepss: %ée@léenf%‘iogld@é&g"e‘ﬁﬁ%? eﬁé'go -%?%usmspe%ngt he button
49, whi ch pr odhossheawould tatnvensuetlipg aqtive dm the gurap veraremmigcentypd her
m croprocegsor, AQyq.The | et-down programis then effected. It will be

readi |y understood that a chip card 61 is but_opne way to programthe 5

M cr opr ocessor 60.R°(f1‘ﬁ'§r“°l”ﬁ?)ﬁ][%' A& i @gﬁﬂdﬁbgl%gfgﬁfx’“‘é%%mg%“ ‘%%r e dedi cated
buttons |ike tioh @rthef9cad lrwhlomied) at o card saliand 6% sfiwpdipre seaaeleader '

pr e- pr ograme 6ilﬂ£(|_e%t$ P%mpﬁ&[@fwﬁw&lﬁﬁﬁﬁfwﬁﬁusc@%wmmdaad oaowlad be p_rovijded
to input a code. The prograi ou r oyi thr ectroni c data
link, such as Vé‘“"r%ﬂ%ﬂf"aalg 5P s(‘:'gﬁ Tsyé,b’tolﬁp glo‘ﬁ%b%\?ﬁg%&ygggna"% &

20  research or data monitoring facility, here indicated at 80. The data could also simply

be transferred via modem through an Internet interface.

The New Expression Methods (Cycles)
It can thus be seen that a variety of different suction cycles or sequences can

now be provided with the same breastpump equipment. An example of the kind of

25  methods that such cycle could represent comprises FIGS. 11 through 15.
FIG. 11, for instance, is what is referred to by Medela, Inc. as the “Standard
Classic Program”. This is a method for operating a breastpump that has been
developed which is considered to provide a general optimal suction curve reminiscent
of an infant’s normal suckling, such as provided by the 015 “CLASSIC” breastpump
30  sold by Medela, Inc. As indicated in the graph of FIG. 11, negative pressure is along
the y-axis (in millimeters of mercury) and time (in seconds) along the x-axis. In this
particular method, the cycles are fixed at about 47 per minute; the amount of suction

is generally adjustable between about 100 to about 250 mmHg.



10 Data can al so be recorded by the m croprocessor for downl oadi ng or
transfer to the chip card. Data could al so be direraleyts Feeaos dbed on t he
chip card. For instance, it is contenplated that tHe€Asgusk? Oﬁ% action of a
particul ar ¥Ri%&%ul d be recorded and reduced to a seqUERCE™ That
sequence coul d then be programmed into the punp, and the nother would then
have a suckling action fromthe punp very rem niscent of her 15 own child.
Referring nowto FIG 10, the chip cards6la with breastpunp operation data
thereon is then read (downl oaded) at a "card station"” 65, shown here as a

card reader 76 |inkpd lgq”l?tgégrmm Eh bt hermlN@s G QOPUESE Ngf_glci Foga@d to
a i
R

transfer the data to one of variety, of avzal?I 3bge medi a such as CD,
f1oppy disk, et®@etiqdodn pampasiseifo HG gdsH ¥ill begeeq ththe lowerepd pf the vagiia  noni t or i ng
facility, here jangiicaddedd & abB@. 20 TheHg ahd the @udrdl aubt®o cgdlerjsleytendskint r ansf er r ed

via modem t hrough_an .l nter ' RN X PFE S fwavalMRihods
(Cycles) It can o I'B'ehg%gﬁﬁ @%&gﬁggﬂesj@ tgf dilfferoent suc?ti Qn cycles or

sequences can trolipdpie thiy posrABdhe isintirreraARthe B O B e JuPEnt . ~ An
exanpl e of the kjwackrOfhere 35 angRiwap e fditkdr sdtioh coymted withuthe “CRANSESEeNt
conprises FIGS. 11 th{@ﬁgﬂ 15. FIG 11, for instance, is what is referred
to by Medela, |RKG™a& %t He "Standard dassic Progrant. This is a method for
operating a breast pEkp !B baws hasy beteqd forcRpgrating 3 SEraJNME Hhicls is consésrefer ed t o
provide a gener gly;@Pid ifiGRdaseSik &k Bipue.UTHESs b @ftkiain SiGMight bokppiied teffeant * s nor nal
suckl i ng, such as provided by t 015 " SSIC' | d by
Medel a, | nc 10 AsTBWaiPLEPp éeas“inﬁyef“ﬂg%ﬂfsaap i '(% ﬁ’ﬁ lﬁgoi’%&ﬁ%}g@l Peseo%g?tg&s)sur eis

al ong the y- axas rapidicysfidal et the srdesfof ponci2P gyclesmih- PiefeEblyiwith 8 888 ds) al ong
the x-axis. | R L S pcr%rc#fivgcm"@!%mm&h&@(ﬂcm,tthec{E)?(ﬁ'oes?cad’ne teh X @Gecand abouL 47
per minute; the anount of suction .is gene _ en about
100 to about 2582%rHe "eRATE RIS Gt th d%&af’é%“‘%%ﬂﬂ‘&é“ﬁi?"b %%%@01/ 47577
PCT/ US00/ 42659  the Hétail inlti@ insttf FIG. i3 showing e yinidity and §tetpeslop@of el vag&uoy new " Sor e
N ppl e Progrant mathad. In conparison to FIG 11, it will be seen that the

| ower end of the vacuum r anqe is reduyced t abqu]l(;r AU t he overall
suction cycle is extW¥htby brs erﬂfﬂ?"a'f"iwoﬁ‘,’pef“,” ToFT om TW ot 25
cycles/mn. to abitustratetOin FRHA4. 9A vaswir rageecofi ehor s 0% pPeue 800 rHe2g b5 ogr am
there is an i ncﬁﬁg&ewiﬂncﬁlgﬁra@meﬁ abdut £M6 biest 78lper ng?maerrad: qych't heweder, there
IF]S Ga ?_llower and tl%evr;cf;ulugrarcs gc%} Isugtl;]thgtoagp %¥ %gtanvge,ttpc &yt'lgs degewé‘é%lxc%nomp l@gram of
20  vacuum increases, i.., there is an inverse relationship. It will be noted that this
program differs from the “CLASSIC” program above in part through a sequence that
initially reaches a peak negative pressure, then smoothly starts a pressure increase
(less negative) along a similar (although opposite) slope ‘to that of the negative
pressure build-up, but then slows the pressure increase briefly, before continuing on
25  essentially the initial slope for the negative pressure release. A milk let-down
sequence is also incorporated in this “Superior Program,” and utilizes a vacuum range
of about 50 to about 150 mmHg, with cycles ranging between about 80 to about 160
per minute.
Thus, while the invention has been described herein with relation to certain
30  embodiments and applications, those with skill in this art will recognize changes,
modifications, alterations and the like which still come within the spirit of the
inventive concept, and such are intended to be included within the scope of the

invention as expressed in the following claims.



FIG 13 shows a new nethod for operating a breastpunp which is considered
to yield an increase in mlk output. This is a prog[ramthat m ght be

applied between .10 regular punp sessions several éaddté??/ In this

nmet hod, the breastpurrp is operated at a rapid cycl | cal rate on the order of
about 120 cycles/mn., preferably with a pause after a period of vacuum
appl i cYQ &d75Her e, 10 seconds of vacuum then a 2 Ps&aismudz6§9ause. The
negative pressure is in the range of about 50 to about 150 nmHg. Note the
detail in the inset of FIG 13 showilg the rapidity and steep slopes of the
vacuum 15.4po} isc@iaiep idhat has been termed a new "Superior Progrant for
operating a breastpunp 1s illustrated in FIG 14. A vacuumrange of about
100 to about 230 nmtHgedmsmpedprisighosen, W th cycles ranging from about 47
to about 78 per m Q%&stshﬂlﬁm@l}{&l I%nr(ﬁtw@mﬁﬂm.ch Lh&s haG YN Rs bleRfls Such that
as, for instance, the cycles decrease, the anmobunt of 20 vacuum i ncreases,
i.e., there is an i"fff¥¥%se relationship. It will be noted that this program
differs fsromthe " GlpéeSﬁerou.per@grnaxrmﬁhweiti.mdpmattsmdnr oeugh a sequence t hat
initiall y reaches ainpcglﬁlksrggﬁﬁ}t{n ggﬁé’%lﬁ?e tBPﬁlauc% Qagfqllyﬂkqél r\L’lS a pressure
increase (less negati ve ong a simlar opp05| te) slope to that
of the negative prSEB'S'U?@dlﬂmweﬂs‘iﬂ&"c“b’d{““{“h‘é‘ﬁ“ Bl suBressur e i ncrease
briefly, before continuin Hr25 entia é/lthellnltltaldslopefor t he
negative pressdre réf BE¥E mR° TR 1 MRy SURMELBETRLE™ 'Y Ul%0 i ncor por at ed
in this "Superior Program"™ and utilizes a vacuum ran of about 50 to
about 150 mHg 3 wi tThe Bypestryar pLGgmidurpst \ﬂial'édr'l"gé'tf&'l]'f""gos“%6"'5‘6’8?&'“&'6@11 per

m nut e. Tlnus u\inealstewa pre-pragraginiedl @nuchasfobaentidesdmiolyedritremepfivaidi t h rel ati on
to certain Eﬁ&@w&&h&amqem@éAnﬁawt@nﬁmgtamﬁ@xpwsm uch._ inthis art

wi |l recogni ze nges fications, alterations and t | i ke which

still come within the S o ﬁél gq' i Ell V& %Q,QCS%EC(“ %cvnce wlllleremare
intended to be*i ncIH‘&EH R D A “ré'e”"c"‘ TR R E R S &L €K Br essed i n
t he fol | owisaiglecloan smucn&aiselnfttfs)lem@lamr&quat ed 10 August 2004 WO 01/ 47577
PCT/ USOCQO 42659 -15- WHAT IS CLAIMED I'S: 1. A breastpunp conpri si ng: a

br east shi el d h&vi ng* Betprsen boeesh RPPGORPTIHE at | east part of a woman's

breast |95 recei vedirovidigg apresisiipidhagiogr getidnivitkio mirigh ptdastivom olg wdmag'aj d
brcastshi el d; and breast is received for the expression of milk;

providing a source of pressure in communication with the breastshield;
operating said source of pressurc according to a milk letdown sequence, and then

operating said source of pressure according to a milk expression sequence.

20 6. The method for breast pumping of Claim 5 further including:

providing a controller which is programmed to operate said source of pressure to produce at least

a milk letdown sequence and a milk expression sequence.

7. An improved breastpump for the expression of mother's milk, wherein the
improvement comprises a mechanism associated with the breastpump specifically adapted to

25 initiate a milk letdown reflex.

8. The breastpump of Claims 1 or 7, wherein said mechanism operates a letdown
sequence with a vacuum pressure ranging between about 50 mmHg to about 150 mmHg, and a

frequency of about 80 to about 160 cycles per minute.



a mechani sm operating said pressure source to produce at least a mlk

| etdown sequence and another sequence different fromsaid |etdown
sequence. 2. The breastpunp of Caim | wherein sai dPatstram Wetes a not or
drive. 3. The breastpunp of Caim2 further includi HpW@eéroller, said
contr s era7scl uding 10 at | east two pre-programedsseqyences for
operating said notor drive, one of said sequences being a | etdown sequence
and anot her being a m |k expressionlésequence. 4. The breastpunp of Caim?2
further including a sequence sel ecting device, wherein said | etdown
sequence is sBl ectTabinahihol @hingSer @tvberein Siid iftdevet skppenct s abaceas brepuipi ng
conpri si ngang;l-ngba{v&“'awupﬁ ,ﬂmbg'@@&,t.ﬁnfab ﬁatnd.g,nﬂw. ﬂ@hu@nc Oabb@Bo Whbddt ThoWhi ch at

| east part of a woman's breast is received for the expression of mlk;
provi di ng “¥'EBTMY %f pressure in communication with the breastshield;
operating said source of pressure according to a mlk |etdown sequence, and

then operatipg Sak(ﬂré "g,ecmgitnsmgessure according to a mlk expression
sequence. 20 6. fh{‘r her i ncl udi ng:

rovi 4 ng a conerERTHIRLTER s ahr b G gsr PR ce. of
pressure to produce atredsiemsfimilka m | k | et down sequence and a m | k expression

sequence. 7. AN i hREQYEHuR 6 MTRioh Rfth LAEbrEXBIi&S Shon of nother's m |k,
wherein the inprovenent conprises a nechani sm associated with the

br east punp speci¥AreEEAMTAPE AUy I gAY BE e iYY "t e a nil k | et down reflex. 8.

The br east punp of Lei o sakd meehani Qperates a | etdown
sequence vmth 4 vacﬂﬁcﬁbﬁfmp‘é'gps(ﬂrc'émr]ﬁgl]ﬁrgco[ggr'swéer? b fﬁ'?@r mMHg to about 150

mrHg, 18nd Pa%’“’f"rsé?m@ﬁ&%?"e‘f"about 80 to about 160 cycI es per mnute. Patents
Form 14 dated _ 10 Au%ust 2004r » lq1/|47577d PC‘I;{}HSqQOéOﬂagg -16- 9. The
method of O afhs 5 B ESPHARY&PIT ST T SPUBRA " SeqUende hds a vacuum
pressure rpasreforigd Mediayensrsaid besetrusp f‘rﬁPFlg““t“B“SabUIlﬁd"‘IS\?F'rﬁh"@, and a frequency

of about 8Q.db shaalRtt piffm GYAd @6tr@er. M nute. 10. A breastpunp conprising: 5
a breastshield having a portion within which a wonan's breast is received
for the expressi omMhOfreasiphip ofalagolImberciofeack awawmii meocdsdmumi cati on with said
breast;ghi gl fd;addh. a programmabl e controller for varying the vacuum

14. The breastpump of claim 11 wherein said programs are different

sequences for varying at least one of vacuum force and vacuum cycle according to an

application curve.

15. The breastpump of claim 10 further including a source of positive

20 pressure in communication with said breastshield, and said programmable controller

further varies said positive pressure source.

16. The breastpump of claim 15 wherein said programs are different

sequences for varying at least one of vacuum force, positive pressure force and
vacuum cycle according to an application curve.
25 17. The breastpump of claim 10 further including a means for generating

signals indicative of breastpump operating [unctions, and means for recording said

signals for later retrieval.

18. The breastpump of claim 11 wherein said programs are recorded in said
controller, and further including a program selection mechanism associated with said

breastpump.



11. The breastpunp of claim 10 further conprising a plurality of different
10 prograns for said controller. 12. The breastpunp of claiml 1 wherein
said prograns are contai ned on prerecorded mnedj a, 1§%| d, br east punp
further conprises a nedia reader which reads a A %ﬁ programto sai d
controller. 13. The breastpunp of claim 12 wherein %eac pr ogramis recorded
on a VJwbowepar ate card. 14. The breastpunp of cl aranwsobsmwherein said
prograns are different sequences for varying at | east one of vacuum force
and vacuum cycl e according to an application curve. 15. The breast punp of
claim 10 further including a source of positive 20 pressure in

conmuni cat i on Wi t h Thabrebstppmpsftcizin 8] vhereigngdd pragrdm palcotignareniebb®e control | er

further vasraltﬁz%nmlndnmmﬁcravca bp&@s&ue(eonamummpum said BRtABEASt punp of claim
15 wherein sal uences for varying at |east one

of vacuum?f't éeé" R’B‘gg? %'\gagsabdecggt%'?r(amfsgfcé'%" ‘ﬁga"’gva’cuum cycle according to an

application cupve. Zlﬁ-ealtZ)umJ{L pl% stpunp of claim 10 further including a
means for generatin s In catl ve of brcast‘gtr'?}é)%eg{)eratl ng functions,

and neans for re*b'UF*HISHﬂ" ”df“é“p%'l“&‘h‘é'fhé“ g agans b 18. The
br east punp of cl ai m | fol thekx@ression osmillkcl pr ograns are recorded in said

control ler, and fufLD&n aéul]‘:ﬁ'in%%ﬁ]& én&r»@ﬁl Aib3slsReki on mechani sm associ at ed
with said breastpunp. Patents Form 14 dated 10 August 2004 WD 01/ 47577

PCT/ US00/ 42659 2 meehanjsgr f""Hﬁ@aWé%i%i"ﬂ[fFrffvﬁ‘i““'BF“’éf”l’fi“&g’ 3{¥rei n sai d program
sel ection nechani sm i &qabcel @ast one manual |y operated button | ocated on

sal d bieast pump, , 55, hePhl b R uRELGour36HHERKG LRI uind] gnal Lo said
controller for selection of a program 20. A breastpunp conprising: 5 a

breast shi el d havi ng a*p¥f%¥i on within which a wonman's breast is received
for the expression of mlk; a source of vacuumin conmunication with said

preast shiel & # Techan) I SuleBr SRES AN $B LS SAUEES et vacUUM accor ding to
a first sequence;
program for said second sequence which is a milk letdown sequence.

22. The breastpump of claim 21 further comprising a plurality of different

15  programs for said controller wherein each program has a different sequence.

23. An improved breastpump for the expression of mother’s milk, the
breastpump having a mechanism for manipulating the breast te express milk

therefrom, wherein the improvement comprises a programmable controller for said
mechanism,

20 24. The breastpump of claim 23 further comprising a plurality of different

programs for said controller.
25. The breastpump of claim 24 wherein said programs are contained on
prerecorded media, and said improvement further comprises a media reader which

reads and inputs a program to said controller.

25 26. The breastpump of elaim 25 wherein each program is recorded on a

separate member.

27. The breastpump of claim 24 wherein said programs are different

sequences for varying at lcast one of vacuum force and vacuum cycle according to an

application curve,



10 a controller for operating said source of vacuum according to a second
sequence. 21. The breastpunp of claim 20 wherein said controller has a
preset programfor said second sequence which iRateatsifpimki4ldgeddown sequence.
22. The breastpunp of claim 21 further conprisint 0ptet%4l ity of different
15 prograns for said controller wherein each program has a different
sequen®e01/2377 An i nproved breastpunp for the exprreSsison4msss nother's ml Kk,
the breastpunp having a nmechani smfor mani pulating the breast to express
mlk therefrom wherein the inprovéhent conprises a programabl e

cont rol | er f otg Sal dy, PECAAN) SMuunPl Eien INEmBE GRS R, Ahact! a1 M 23 Fur ther
conprising a p?ural_;?y 0 '(T:]P?fcerent progr ans Tor sal_dI controller. 25. The
br east punp® s8¥recar agsiivorresitead sHidpateepmmasly Fatrg!les fEtheroftiistidd on  prerecorded
medi a, anchosie@rdssuprsomedent further conprises a nedia reader which reads
and inputs a programto said controller. 25 26. The breastpunp of claim 25
wherein each programis recorded on a separate nenber. 27. The breast punp
of clai m 24 wher ei AhskrastrpPoefickiifs28ayhereidissid pogams argdifftfetces for varying at

| east pne s@c’iueh’c@ﬂb‘ﬂﬂﬂ)ﬁl{grﬂ@ﬁasa&ﬂoﬁ/»aﬁﬂhmdr&)/ﬁdsiﬂveaﬁﬁﬁxrrdﬁuﬂgm{do an application
curve. Patents F rmo%(ﬁndtgtlgig k0, August 2004 WO 01/ 47577 PCT/ USO0/ 42659
-18- 28. TRE™MBY ST HUNE of " tPAi" M S8 \iher ei n sai d mechani sm further includes

a source of pgsitivg. RLESIHP 6r s S@einRL ALY ARER G e ePiting O | er furt her
varies said ,og,l tive pressure source. nsZglid e f(l)orrrec%rsdt"p%p of claim 28

wher ei n sasi'gd“'g'i" ARG ar e PP R SR B S AGUEATES TOrVVaT'Yi ng at | east one
of vacuum signalefor lapositiiievale pressure force and vacuum cycl e according to an

application curve. 30. The breastpunp of claim23 further including a neans
for gelerating!: si JHaPEasimyap etetainy e yYrre ud Bpamy 6 &Y At g functions, and
means for sadcondilergandsdidimpsivemeat forthep includes eprogmatns¢lestienl . 10 31. The
br cast punpy, Qf &hakdliZd WiSEEbRakARY. Programs are recorded in  said
controller, and said i nprovenent further includes a program sel ection
32. The breastpump of claim 31 wherein said program selection
mechanism is at least one manually operated button located on said breastpump, said

15 button being actuable to send a signal to said controller for selection of a program.

33. A method for operating a breastpump comprising the steps of:
recording the suckling sequence of an infant in terms of at least suction
force over time, and

programming a breastpump to operate in accordance with said recording.

20 34. A method for breastpumping comprising:

providing a breastshield having a portion within which a woman’s breast is
received for the expression of milk;
providing a source of vacuum in communication with said breastshield
which is operated by a controller; and
25 programming said controller to operate said vacuum in a plurality of

different ways.

3s. The breastpumping method of claim 34 further comprising providing a
plurality of different programs for said controller for varying said vacuum in

accordance with different sequences,



mechani sm associ ated wi th said breastpunp. 32. The breastpunp of claim31
wherein said programselection mnechanismis at | east one manual |y operated
button | ocated on said breastpunp, said 15 butt@f"BEPAY*4¥tlabl e to send a
signal to said controller for selection of a pro S 3P4 A et hod for

oper atwaogi/&sor east punp conpri sing the steps of: noyosodizgp t he suckling
sequence of an infant in terns of at |east suction force over tine, and
progranmi ng a breastpunp to operate!'™n accordance with said recording. 20
34. A nethod for breastpunping conprising: providing a breastshield having
a portion within wikhctiveaatpyworieaTheshol plecipiye 35 whereingeid pspgd™f @ t he expr essi on of
m I k; provigiifd oRpe UG8 nRtlia \a3E eDrdally ST TIMRY: CoMphia a Wedih sai d breast shi el d

which is operated by a controller; and. 25 ,Fro&r am’rimng;u E%‘igp controller to
oper at e safegfepahedrsiion frrdiesenrriimg {1 siet o Er PRt BRE AV E T 35, The

br east punpieadr toréinewdktroder.cl ai m 34 further conprising providing a plurality
of different progranms for said controller for varying said vacuumin

accor dance wit B7-di fThebreastruspipgbatiod 8f clqoa PEWeE TR 4 Y4t ed 10 August 2004
WO 01/ 4757 EcoRfed bAISRpdrdi2ah@ -19- 36. The breast punpi ng met hod of claim 35
wherein said prograns are provided on prerecorded nedia, and said

br east punp f ur Bher Toobreasipgmpingimetkadiofelaip dgvfesrein PP WEANAY f ur t her conpri si ng
the step Ofirdripbhldnitd foR vaR{iREHt Rt bikloDwGNUnSAicBandvemae kycteo sai d control ler. 5
37. The br eas&iggg{?gtl‘ Q@gc@'ﬁt hod of claim 36 wherein each programis recorded

on a separ¥t e br east punpi ng met hod of clai m 35 wherein said

prograps are ﬁ&.ff%?E‘.Ieasﬁﬁﬁlyﬁ@ﬁaﬁodfo@aaimz Wik Rg iRfudingasdurc@Be of vacuum force
and vacuum cycle according 10, An.2npLLSALL O GULY fundfl 49 The

br east punpRoHY Y REEHEY " SR EF IR 34" fUr T hier 1 ncluding a source of positive
pressur e i fepeoprogrinoag saithcowirellar (g 33y sdiy} rogidtePrdswredouTéind f urt her i ncl uding the
step of programm ng said controller to vary said ppositive pressure source.
40. The breastﬁ&npiTr‘n'gbﬁﬁﬂ?ﬂ‘d‘“éf‘e‘&?d&'ﬂ?‘?§9\‘K%eé?"éfaﬁ' SE U3 ogr ams are

different sequences for varying at least one of vacuum force, positive pressure force

15 and vacuum cycle according to an application curve.

41. The breastpump of claim 20 wherein said mechanism includes an
clectric motor, said motor having a reduction drive system with at least first and

sccond belts conveying motive power to a movable member of an expansible chamber
device wherein a vacuum is generated.

20 42, The breastpump of claim 41 whercin said expansible chamber device is

a diaphragm pump.

43. The breastpump of claim 42 wherein there are two diaphragm pumps,
said diaphragm pumps having a membrane which is movable relative to a shell, each

said membrane being connected to a respective shaft, cach said shaft being mounted

25 to a respective belt for linear movement with said respective belt.

44, The breastpump of claim 43 wherein said respective shafts are driven

in tandem.

45. A motor drive for a breastpump, comprising:



di fferent sequences for varying at |east one of vacuumforce, positi
pressure force 15 and vacuum cycle according t p ve.
The breast punp of claim 20 vvher)ell n said machg gate'gs r-a(i'onql“!c%%alnonefzga/(rai' 041'
notor, said motor having a reduction drive systemvmth at least first and
secondwb@i/zt7s7_7convey| ng notive power to a novabl e reFrdsew420$9 an expansi bl e
chanber device wherein a vacuumis generated. 20 42. The breast punp of

cl ai m 41 wherein said expansi bl e ch#nber device is a diaphragm punp. 43
The breastpunp of claim42 wherein there are two di aphragm punps séi d -
di aphr agm punps aheoirmgvieg ametabyroatret; whi ch is novable relative to a’ shel |
each said ”Enbraar@(ﬁm%ldﬂgesgaaln&m..egcamgathse.apaﬁxybmputshat.a each said shaft
bei ng nmounted 25 to a respective belt novemrent with said

f or
respective belt. 44. ""%B“b“i"géé‘f“ﬁﬂﬂ’ﬁ ‘Y YUE "'°Lve4’§w‘§/rwﬁré"r"es? n said respective
shafts are driven i mtiramdpmo adbpvatte magtberrof eiy dxpamsiblo ehagbesr east punp

conprising: Patents Form.14.daf.efdn idddnpgust 2004 WO 01/ 47577
PCT/ USO0/ 42659 -20- a notor havi ngl anrot ary output; a reduction drive

system comuni cating _wth sal d rot out

second belts cthveyi AB PR YR rhgr‘?ﬁngaé‘%eavw"% Qfg%?bigﬁ?\g%tﬂtgs; ?rg\cjabl e
nmenber of ianigpxpgasidw.e chanber 5 device wherein a vacuumis generated. 46
The notor drive of claim45 wherein said expansi ble chanber device is a
di aphragm punp. 47. The breast e are two

pu
di aphr agm punpd?- saiT¥e Wﬁﬁﬂ?&@ﬂ%‘f‘?ﬁg‘"ﬁ'ﬁ “'“e i two%'rrﬁr %1"* p?&[\’. 'ch is novabl e
relative t@icaisphakh pusachvik mmhdnmn@r-arn@albmehgveébhﬂé'bt-“‘él*.l to a respective

shaft, each.sai t'ﬁnfé o=y
' 100 < Usajd piembr cOifnkdidd tmuﬁ;eﬁfde shhf®, eﬁhﬁfﬁ@ﬂmﬁdlr\genobﬂhd for |inear
novenent with a.?l res ective belt. twclg pastpurrp of claim 47 wherei n

S I et?la Ieﬁecc *F lfg)l 5 I v W % &

received for t49.e exp{h@&%&sﬂmmgfm“ JlguL !ﬁ wherein said respective shafts are driven

in tandem.

49. A breastpump comprising:
15 a breastshield having a portion within which a woman'’s breast is reccived
for the expression of milk;
a source of vacuum in communication with said breastshield;
a motor drive for said source of vacuum;
a mechanism for applying vacuum to said breastshield according to a curve
20 which varies the vacuum from a high point to a low point in a cycle;
a vacuum force adjustment device; and
a manually operated switch, said switch providing a rate control input to
said mechanism for applying vacuum and a vacuum control input to

said vacuum force adjustment device such that said vacuum force is

25 varied with said rate.
50. The breastpump of claim 49 wherein said switch is a rotary knob.
51. The breastpump of claim 50 wherein said breastpump includes a

controller for said mechanism and said vacuum force adjustment device, and rotation

of said knob produces a signal to said controller which varies with the position of said



a source of vacuumin comunication with said breastshield; a notor drive
for said source of vacuum a nechani smfor appl yliDn acuHmttcP sai d
breastshi el d according to a curve 20 which vari @@Aéﬁﬁé{%@f i from a high
point to a low point in a cycle; a vacuumforce adjustnent device; and a
manual wy oppgrated switch, said switch providi ng adiaisosess rol input to
sai d nechani sm for applying vacuum and a vacuum control input to said
vacuum f orce adj ust nent devi ce such2khat said vacuumforce is 25 varied
with said rate. 50. The breastpunp of claim49 wherein said switch is a
rotary knadaob, sédknot WBenldt@@ad inpbiigreafon gloduchig bGignaher @treasdgbagll br east punp
includes a_ contraoller f %id%%iu mechani sm and sai d vacuum force adj ust nent
devi ce, and rotation 18 °Sai nob produces a signal to said controller
which varies with the position of said Patents Form 14 dated 10 August
2004 WO 01/ 47552 PGEIALSRGLARBEDbreasthlmp kdrplisinggai d knob when rotated in one
direction produgjsggrcgorgicgnrgl for increasing said rate while also

decreasi ng sai d vacuum ‘é.’_A vacuum punp for a breastpunp conprising: a
sour ce&® of vacuum MBordritpPeBidaPyFE Y5 8 ai d source of vacuum a nechani sm
whi ch al ters theaheuslismofhicd ataumie kvedifyvgaend rgosnidseurof of yvaguum  and whi ch

varies the rate of vagUUMARRL G AVc@RdhicGNLAP! | er, said control ler
providing a rate control I nput to said nechanismand a |evel control input

1 np > 3 an .
to sai d nechani shiogtidlen paitgontrefier REayiding A4 EAHPIATRYLP Y var i ed i nversely to
said rate. 53. The pueghaOdm 4l aiewrl bdtrehigeiossiaecanisorspenghdter | s a manual |y

mani pujated rotary kEHQ(pvac&%'forIgganHMVQSfelyQ(ls@idmné?’ wherein rotation of said
knob produces a signal which varies with the position of said knob, said

knob when rotated in one ir,e%iwg‘%ein ;La'\;'héggt(r)oquci n

: C &3 The ol clai ucing a signal for increasing
said rate whilé&*al S BUUrALEM PE*AaeUlm 55 A'ret hod for operating a

br east punp maaipp4tedsiotagy knab.yi ng t he anmount of vacuumand its cycle according
to the curve of FIG 12. 56. A nethod for operating a breastpunp conprising

varying the anount ) , . . .
54. The pump of claim 53 wherein rotation of said knob produces a signal

which varies with the position of said knob, said knob when rotated in one direction

15 producing a signal for increasing said rate while also decreasing said vacuum.

55. A method for operating a breastpump comnprising varying the amount

of vacuum and its cycle according to the curve of FIG. 12.

56. A method for operating a breastpump comprising varying the amount

of vacuum and its cycle aceording to the curve of FIG. 13.

20 57. A method for operating a breastpump comprising varying the amount

of vacuum and its cycle according to the curve of FIG. 14.

58. A method for operating a breastpump comprising varying the amount
of vacuum within a range of from about 20 mmHg (the least vacuum) to about 250
mmHg (the greatest vacuum) while simultaneously varying the overall suction cycle
25 from about 25 cycles/min. at the greatest vacuum to about 40 cycles/min. at the lcast

vacuum, such that for a lower vacuum applied there is an increase in the number of

cycles.



of vacuumand its cycle according to the curve of FIG 13. 20 57. A nethod
for operating a breastpunp conprising varying the amount of vacuumand its
cycle according to the curve of FIG 14. 58. A prifced.fQu.@perating a
breast punp conprising varying the amount of vaguigabsdai n a range of from
about 20 mmHg (the | east vacuum) to about 250 nmmHg (the greatest vacuun
whi | e wowmuktsaneously varying the overall sucti on RGIWSS0/2S5F r om about 25
cycles/mn. at the greatest vacuum-t® about 40 cycles/mn. at the |east
vacuum such that for a |ower vacuum applied there is an increase in the
nunber of cyck®s.A Rahaimhsopbatinnableagpinedvhich @ céusgersd 1o2@W4AnWDO 01/ 47577

PCT/ USQO 4:%953%«: m n%@ Outﬁl% coibrIRE L}antlflé)sléld(aplﬁﬁ Abirhify @aRNSASLPMOP Which is

considered t an increase in out put conprising operating said
punp at a W‘%i" b&‘i}d?q cé%{TS/"P'h’twé"‘Gl’?e%”HVé "mést"&”é? f“"é‘b"gP ou Afd cycles/mn., with
a negati veabput@Ssomnie.i N t he range of about 50 to about 150 mmHg. 5 60 The
met hod of claim59 further including a pause after each peri od of vacuum
application. 61. A _method of operating a breastpunp ?' m 60 wherein
sai d vacuum i & appghf 'éﬁh‘f‘d’f°'%lﬂ8?ﬁ““f"’éh"°’é’8‘6%ﬁ&”§'se t”\fé%‘d’ﬁ'fﬁ’d‘w th then a two
second pauwsewunGplicitionet hod for operating a breastpunp conprising varying
the vacuum 10 within a range of about 100 (the | east vacuurr) to about 250
nHg (the greatest vacuum, while simultaneously var yin t he overall
suction cycle BhomAaBerd oreerative weptpypp of gem e irea sy YA Tum t o about 47
cycl es/ m nis agied HCabGit RAls@Bilds VEVGHII wiSibd a tidradond piusea | ower vacuum appl i ed
there is an increase in the nunber of cycles, with a cycle following a
curve which initially builds to a peak negative pressure, then 15 snoothly
starts a press6ie inurthadder optrating a ReratRuMpETRIHRY THRE PRI sl ope but t hen

sl ows ¢ he\vﬂ{|@§§1¥4£c%fhﬁlﬁtrl@@-&l& 1BEtvedubiy) to b Osemeapthegréangt on essential |y said
initial slope for ess ct[ogL)g@%m aﬁﬁn .gThe met hod according

to clains 5"8““"3’9”"6' S"G?lta"eoﬁp”as’" ﬁwﬁorvlccr[w ding a mlk |et-down sequence for
sai d br eastypevrpin.anthe ekt ¥ aciuyhtalabapt ﬁpéﬂr“’a’wmg"W‘ﬁ“’%“‘lﬂl"@é%"ﬂ‘purrp with said

mik let- dmmommmmum BihliedAndPLIEn th@Easdin Dic@@sicpumpclaonpni si ng: a chanber
defi ned bycy%le %(n(?wlw!\g '?'crlrvc whpﬁmmny bmysqpi §e3£ ?Jgﬁtvt: }{r%ssInQ tﬁ(ql d shel l

i5 smoothly starts a pressure increase (less negative) along an initial slope but then slows

the pressure increase briefly, before continuing on essentially said initial slope for the

negative pressure release.

63. The method according to claims 58, 59 or 62 comprising including a
milk let-down sequence for said breastpump and additionally operating said

20 breastpump with said milk let-down sequence.

64. A pump for a breastpump comprising:
a chamber defined by a shell and a member movable relative to said shell;

a mechanism connected to said movable member which moves said

movable member to expand and contract a volume defined within
25 said chamber;
a port in said shell through which fluid moves in response to expansion and
contraction of said volume; and
a removably mounted cover between said shell and said movable member
jsolating said movable member from fluid, said cover being

removable for at least onc of cleaning and disposal.



a mechani sm connected to said novabl e nenber which noves said novable
menber to expand and contract a volune defined within 25 said chanber; a
port in said shell through which fluid noves in gRSREHREsLQLXPANSI ON and
contraction of said volune; and a renovably nountoedgeoe@s bet ween sai d
shel | and sai d novabl e nenber isolating said novable nenber fromfl uid,
sai d owoer4isei ng renovable for at | east one of Jdi@@aHEeshd di sposal .
Patents Form 14 dated 10 August 2004 WO 01/47577 1 CT/US00/ 42659 -23- 65.
The punp of claim64 wherein said cbVer is flexible. 66. The punp of claim
64 wherein said novable nmenber has a circunferential rim said cover being
recei ved over &ai dThd mmpahupin &t whesdineshid coyasis Bexiblei nt er nal openi ng defi ned
therein sized to enconpass said rimw th said cover nounted 5 on said rim
in a substantia%Iynahnmﬁghmnﬁ@mﬂm@ahddmovwcmmmsreby form ng a gasket
bet ween gnfgljemam, sﬁm%vlerbeﬁgrece-l-n@o@“m rm alQil sAid mcﬁ'ﬂﬂs aWrther including a
one- way va ve extendi ng rou%t sai d s gr peqp sal% val ve al | owi ng
n%wn a 0 t

exhaust i ori“‘ﬁ‘l““e?i’?“"l%’f%‘éﬁ”&h“ HEVUEYE ¥ mguinte

Sai d cover nounted

t herean. 10 s68 r-mTrhesupumalb'falrotlaﬁmaewovméllc@t))nfos'awd' gatkaiPeivgeny  di aphr agm punp,
said sheld; havi.d%e generally hem spherical interior shape, said novable
menber being a flexible nmenbrane. 69. The punp of claim 67 wherein said
punp is a diaphragm punp, said shell having a generally hem spheri cal
interior shape67saﬁdpwmvmbhénwUWMErmUEﬁmg”aeWmBmFP@%WHP% menbrane. 70. A

di aphr agm JRH;'IEn Jafa o@at}m’mgrpﬁmalv@zﬁlm‘lf éllznﬂ-lon oBaiStiBlebn AAVI ng a gener al | Yy
hem spheri cal "I nterior shape; a flexible nenbrane novable within said

henlspherlE%P“%H&HEFFHS@ﬁﬁﬁﬁd“”&%ﬁmgﬁﬂkract a volume created in a chamber
defi ned between said 20 nenbrane and shell; a mechani sm connected to said

rernhr an)e whi ch QDV%w%%hg%JE%HPJ@QRm sRid pﬁ%{ﬂ@mmaﬁmz&nﬁﬂﬂbﬁﬂﬂt said volune; a
ro

port in said shell air moves in Iespopse .t o expansi on and
shell having a generally hcmlsphencal interior shape, said movable ntember being a

flexible membrane.

69. The pump of claim 67 wherein said pump is a diaphragm pump, said

shell having a generally hemispherical interior shape, said movable member being a

15 flexible membrane.
70. A diaphragm pump for a breastpump, comprising:
a shell having a generally hemispherical interior shape;
a flexible membrane movable within said hemispherical shape to expand
and contract a volume created in a chamber defined between said

20 membrane and shell;

a mechanism connected to said membrane which moves said membrane to
expand and contract said volume;

a port in said shell through which air moves in response to expansion and
contraction of said volume;

25 a removably mounted fexible cover between said shell and said membrane
which isolates said membrane {rom fluid, said cover being
removable for at least one of cleaning and disposzl, said flexible
membrane having a circumferential rim, said cover being received
over said rim, and said shell having an internal opening

defined therein sized to encompass said rim with said cover mounted on



contraction of said volune; 25 a renovably nounted fl exi ble cover between
said shell and said nmenbrane which isolates said nenbrane fromfluid, said
cover being renovable for at |east one of cleapbigrahey ficgposal, said
flexible nenbrane having a circunferential rinpasgusckooover being received
over said rim and said shell having an internal opening defined therein
si zed W@04T6Unpass said rimw th said cover nountP&d’Usp0/424%%nt s Form 14
dated 10 August 2004 WD 01/47577 PCT/ US00/ 42659 -24- said rimin a
substantially airtight fit, said cotfer thereby formng a gasket between
said rimand shell. 71. The punp of claim 70 further including a one-way
val ve extending t hrBifghn Baistpsiaprirdntieishidivdf coverdhaachy oroR2 4] | owi ng

exhausti on of air begiseentsai did rianabiee. menber and sai d cover nounted

t her eon.

71. The pump of claim 70 further including a one-way valve extending
through said movable member, said valve allowing exhaustion of air between said

movable member and said cover mounted thereon.



