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This application is a continuation-in-part of U S. Pate ID cati on No.

09/ 476,076, filed Decenber 30, 1999, which clainms the benefit of U S.-
Provisional 5 Application No. 60/170,070, filed Decenber 10, 1999, FIELD OF
THE | NVENTIVERO¥#2878i nvention rel ates to breastpunps for dPEWCHE2Hast mi |k,
and particularly to a notorized, such as electrically driven, breastpunp.
BACKGROUND OF THE | NVENTI ON 10 Breastpunps for use by nursing nothers are
wel | . known. , They al$6ﬁﬂﬂgsmm£§%&ﬂ@@ YBVPhe breastnil k as
necessary or convenient, and. further provide collection of the breastmlk
for later use. For sone nothers, breastpunps may be a necessity, such as
when the child has suckling problens; or if the nmother has_ problens with

excessive or defi chténerakipation gp GdeRntinvation-grpagh plo HeS sPatepd tAnplieatipe Noor 15

injury of theygmpmune, filkd D¥Ritel 30011985 WA SRk SaCRNBR U 128 EProRisibaAr i | Y
because they are relati Vel‘ﬁ)@()ﬂl nexpensi ve and easy to transport. Being

manual |y dri vappliceisadNee $0/1 4)478idéed Becemberd 0, W88+ i on pressure produced can be
uneven, and operating the punp can ultimately be tiring. 20

El ectrical | y-giiivs oRraeINVENEON € al so cormonpl ace. They nmay be of a
substantially large.size of a non-portable or sem -portable type, typically

i ncluding a. vac s pyssfionasiates i bisasipymps fy dravang,ypastmifly aad parirylarly i o

standard housg aGhiib 8R4, such¥d ¥RELAMUS Arikdn, BrBdshubyPe of punp are ready
controllability and regulation of the "~vacuum and the ability to punp both

breasts at o . ' ' n has 25 both hands free to hold
t wo breastpu%ﬁgﬁéﬁémokmwﬁﬁgmg of both breasts at the sane
time. Batieery- dri \Breashpups WP Hy hmistgahstherd eRnwelb kedvap e TheyTdiR&EthBr east punps

have t he advant ages of controllabjlity.and requl ati on of the vacuum as well
as being eastSM% SPMARA SIS tge h‘:ﬂ‘ 2y P?"\?g‘ﬁryp?fr ‘f"'éi‘ES‘?’“ée“Er"’é‘gtséfa‘l is

described in godide aliehtidACS, tBE broashilk Eofaxt wse. Hok Soié aR%HeR) BRasymelpd under the
s R ST ERRENEE I T S
problems with excessive or deficient milk production, or soreness, deformation or
15 injury of the mammilla. o
Manual breastpumps are commonplace, primarily because they are relatively
inexpensive and easy to transport. Being manually driven, however, stroke rate and
suction pressure produced can be uneven, and operating the pump can ultimately be
tiring, _ |
20 Elecirically-driven breastpumps are also commonplace. They may be of a
substantially large size of a non-portable or semi-portable type, typically including a.
vacuvm pump which has an electric motor that plugs into standard house current.
Advantages of this type of pump are ready controllability and regulation of the
vacuum, and the ability to pump both breasts at once. That is, the nursing woman has
25 bdth 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
easily carried. Such a battery-driven portable breastpump is described in U.S.
30 4,964,851, for example. This breastpump, sold under the name MINIELECTRIC by

Medela, Inc., is lightweight and achieves good vacuum (ie., negative pressure)
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WO 03/ 082378 PCT/ CHO3/ 00214 regulation in preferred limts, for exanple,
bet ween about 30 and about 300 nmHg. The LACTI NA breastpum[j}agdggl by Medel a,
Inc. is also another type of breast punp which may be driven by battery as’
wel | as house current. It is generally disclosed in U S. PatentNo.

5,007, 899. VWO &88378i cal |y driven notorized breast punps habelVgHpR9R14

uni versally been developed with a single type of "cycle" fora given punp.
That is, the driving nmechanismfor generating the vacuum (negative

pressure) to Keulation incriefoared ity fos gxample, efrieen shore3G atabert mueHpunps i s
geared to a pgff LKE‘I'E*@I& gﬁe)gé’{ﬁgﬁgsothﬁﬁg FEde a‘?hc?fgals@%ﬂ@ﬁmér‘%?p%f%?eﬁ‘s{@ m ncrease

(i.e., increasing suct n rel ease. his 1s"often t med at.
repr oduci ng i whishmsy derdsizen bicbatteryles el anhause purteht, o isi geherally, disclpsed inst ance.

Br east punpi NO LR P EARRS, 5 D07 800 of different conditions, however, such as
where the notheér"s nipples are sore for sone reason, there is a state of
signi fi cant engor géleatridally d&ivme motprired ltweasipuinps have mbyosbaenjversaliycbhdear | vy
desired, ejecti . [ f t] arminierest. . it may be
desired to i ng%vgia%ggdqgﬁl*% %?@%J@{él %%%yg%dfogg %ﬁéﬂ ﬁ%o%hﬂ%’e{ggt%w S provide
the -user wit metHaeismdfot gengrating the vscutrh dnegatbgpiresaifre) to de applicd @t thg bespgl | ed, as

wel | as the spegd of the.qunpin ction i e. ; r of cycles per
mnute). In s eirﬂ%rfasﬁ%e%%cl n tpg%lp plrsi %efa'reért?%%a[%ncg@ygﬁ%%caetﬂ ﬁ?rr’“e\}% may
i nfl uence eachegativegpresssnadicrédsa(i.cg dnceqaaing sicticn)paethers claeesThih e ofgauum | evel .
The 'basic "curye' remai.ns.fixed, -however., and the user st ,adapt as best
She. can e 208 el PP in R epin B¢ Bioe, ARER of Fa Rl B URRER ro Che
machi ne, whi cBreaytfingsihg dan cbed aliggs ofjdifferent] dodditors Oliowicher, ik ewhergtpul at i on of
users. SUMVARY %,THE | NVENTI It is a pri nci%’zl fb' ective of the present
e © prag

i nvention to PPBE yuPRles sy TRPCHTR it e Bher at e,
anong ot her t kinROSpple sihulitini thyy ©f pagtichlbly devred, 2fectiod dndenglaxAiss R be
(extraction) s ences 0£.cur§e§. 'cht this emagpt%e.i nvention in one formis
& br east punp SUBERET s ek bp et ISP RAEEP ASOH 0 whi oh a
woman' s bigast i s SoarchreRtuings ptobide ehepises with nheodbility | 6 .vak thedmbmnt@f vacuumi s
I n conmuni cati on gi'.th t he breai{ shl'hel d. Tpglrge I S.a rrﬁch('ini sm for .operating
the source of?UHR YEIE 2BRsAvi el % e propd pf tie UEpIng actomytg BERYS OF | er for
oper at: Ing- thecg&ﬁulpe:emmﬁte).Bﬂx mumﬁnaﬁ?ﬁ)ﬂﬂipggrm @ealeamdd Wdcl&ﬁﬂﬂ&h_ﬁﬂ;lg The
control |l er capn_have a. preset program for the second, 6 seguenc | is a
w1k o eot i onBOuAE AEa oS such SRS Bl irishien 3p Lo SAENE Bt THas o
plurality of baicf foefven tendiRfis@dBhdwier] i e NbdrGhise adaphad BéshsiRamh tpr ogr am has

a different sequence, ., vs . oo s . . ,
20 m a4 g variations within that particular curve built into the machine, which typically

has been generalized for the overall population of users.

SUMMARY OF THE INVENTION
It is a principal objective of the present invention to provide a breastpump:
which can be programmed to generate, among other things, a plurality of differing
25  milk expression (extraction) sequences, or curves. To this end, the invention in one
form is a breastpump comprising a breasishield 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
of vacuum according to a first sequence, and a controller for operating the source of

30  vacuum according to a second sequence.
The controller can have a preset program for the second sequence which is a
milk ejection sequence, for examﬁle. Preferably, the breastpump has a plurality of

different programs for the controller wherein each program has a different sequence.

iy
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-2 SUBSTI TUTE SHEET (RULE 26) -2 OCT2006 WO 03/082378 PCT/ CH03/ 00214 1In one
enbodi nent of the invention, a notorized punp (e.g., corrprze[ﬁquﬁaﬁai r,

battery and/or house current) is provided with a m croprocessdr-based -
controller. Cards, with nenory "chips,"” containing different suction
curves. ad¥RBEPH varying conditions and objectives arREVEPBGPIH f or
programming the controller in this 5 enbodi nent. A user selects a desired
program and that card is then read by a mechanismproviding input to the
control ler. It shbuing embodimenichf thrcinvention, & mojerized pump (f-gcoompressedabier al | y

aar essed win vk hral nbide RGH NGl W oo RRIGROLAN cotBENCES Y
al so include a positive pressure aspect. e prod)ran’m ng could al'so be
provi ded vi a Catdsewitmmeinaty “ichips,l dorianidg differeniGstioni quiveasadapted dfomvaryimnst er ,

el ectronic to feed . Q... .an Lnter n I on n forth. A
significant, cgrhgdmﬁ@raé'? ogta?cgvﬁ"ngr\?aﬂcgg‘%de%%d Iggr% llélg]él}gr g% ?%%%ngymt e pr esent
i nventionsi s etnhedimetdyAalsed sdlgetst © dosindd fpyogtang dbd dbattqauinp thectdadbyacti on to a

variety of desired conditi.on n Vi ' bi kit t he end- user.
An attendant "56 gﬁf"a%rgvﬁgglg ‘?Fﬁ‘z%", &'33"9?%21%%&%%&6’2& g? %%tlgéeéhsa{‘ﬁvhﬁ%is“ﬁ “tontinues
to nmake advaragss areygénamnily iadfreauv@dn the Sisttinstance herers tha dhikeepesd@s can be
made avail able on further.cards, aqr other rQgram i nput t.n ns; Yet
anot her atteﬁﬁﬂé‘ﬁ?ce%lﬂ'@%ﬁ{%‘éb‘@ﬁ’ldg ail’ﬂ%{ﬁ""tff’i%“‘g? S%FCEHT@BIPEOQ%' """%g%iorgﬁioo record
data rel ati nggtmgidea viasﬁhaﬁdeéimmoaﬁib ngdrdiscﬂ,'f(H](st, ﬂﬁta&ercliCdth ﬁhnbﬁh 1, Slec@dt, f or

I nstance, and_.then refrieve S 0 oadi ng through an I nternet
connect i dh, Eﬁérﬁ%ﬁ-i%’5@“%‘@8?"&??@{%8?%&% card), and the like.- This data
retrieval woul d bg digefidaht, iaid Wediofodd undveilBRr fivantige’ real BB by s pB®nPUNP Wi th
new data, for nopitoring usage, just.for some instances. Furt hetr, a
progr am coul &SRR e gFady ﬂﬁiﬁmemdafr therepfipuEP SRR 2rHpn o A e of That

progr am coul dedifd@Bodagiods afd hrovidp ehisdbility ahdendiuserd Pch dRadany@virge@ver time as
anot her aspect, of the invention, an inproved

25 the infant, grows. 'lne\ﬁﬁa

breast punp i $2hEdeFEIRRCEHH PEASTPIIPIDE (ORPEMIST P YOGS ReWetddipigieds equence.
The ej ects ON gEsieh @NABs iafid ¥BGlenced GYR He AUARUShIIEDS faMdr | fksCof Bhaugh a
button or the |ike, prqvided .on the breastpunp used to actuate the sequence.
30 The preseRPOSFHVERIBEDMPS-an0t her significant aspect has as an objective

to : Yet another attendant advantage is that the programmable pump can also

record data relating to its use and operation. That data could be stored, for instance,
"and then retrieved as by downloading through an Internet connection, magnefic
20- - recording (disk or card), and the like.” This data reirieval would be useful in medical
* research, for updaﬁng the pump with new data, for monitoring usage, just for some
. instances. -

Further, a program could be made of a particular infant’s suckling pattern.

That program could then be used to operate the pump, and then varied over time as
25 the infant grows. '

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

30 The present invention in another significant aspect has as an objective to
provide a breastpump with one or more novel suction sequences which are considered
to produce advantageous particulatized résults. Such sequences include, but are not

fimited to: a suction method (e.g., program or curve) for a sore nipple condition; a

3-
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provi de a breastpunp with one or nore novel suction seque?ngﬁs éﬁ:l ch are
considered to produce advantageous particul arized result 9;@ sequences

i ncl ude, but are not limted to: a suction nethod (e.g., program or. curve)
for a sore_ni e condltlon a -3 SUBSTI TUTE SHEET (RULE 26) 2 OCT 2006 WD
03/ 082378 W@'PB 3/ 00214 suction nethod for increased RATCEIFBMLELi on; an
I nproved suction nethod in general; and a nethod for nipple stinulation. A
met hod for operating a breastpunp for a sore ni ppl e condition according to

t he present .suctimnemethod fooripr¢agess milkr produgtion; cang frapravedosuctiere nsthodi ithi n a range
of from 5 iyl uum to about 250 mmHg (the greatest
vacuun) whi ?%B r‘rugl?dt aneo%({sfopﬁggfg;%ud@&e overall suction cycle from about 25
cycles/min. at tHemethod i operstingmn trensipbwp tforksomsywipple toridition according fgr eat est
vacuum suc e in the
nunber of cht(l:jl gl%genF gll;’erﬁmh géﬁﬁ;mf &;&g&é&%ﬁnﬁf?f&aﬁﬁ ]Eﬁ&ﬁ]gqq%ﬂgg?%@ e a | ower
peak vacuum abweirﬂhmhﬂgg(ﬂm 1eagt:¢aeuunﬂ)ﬂo Abovk 2 5buimier (thoeatest vagutm)bﬂmlast punmp to

yield an incre n mlko ordl eS8l an tion

conpri ses. opsé?‘a]?al“ WhE S s{vergll 33 18 gyclt%%’éla u}% ﬁshf"r‘?e Elaer of about
120 cycl es/ niesmst vaouumhoabmﬁgatdyvles/mﬁueaismé graatestt\iammmgﬂl thit foabmwemo mtg to
about 220 . Thi furt de a paus er each period
of vacuum ap ?‘E’éf‘?@ﬁ%ﬁdﬁ%’g IEI5H R ﬁ@“ll‘:@e gycg*f sh%e&ﬁtﬁﬁ POFGBt ten i5
seconds, Wi tﬁlﬂtélﬁéﬁﬁpimﬁﬂe&ﬂ&g@@em&ﬁnﬁdveﬁiﬁﬂ@bﬁﬂdc pr essure A net hod for
operating a breastpunp .accordi t t - anot ect af i nvention
conpri se¥ varyi ng* ?‘P?g})ogggﬁﬂmf%r“gtﬁ ﬁ‘eé g8 35‘?61‘1 oigfm% “tt?’rg | east
vacuum) to a&e&tﬂméwﬂmﬂr&eﬁttlh@nﬁmﬁm“eesv@ﬁmw@ the Whinbeat 8 irapid &;a:uwusl y

varying the over 82 ee%' on cI e fromahout 47 c cI es/,mn. he great est

vacuumto ab@fton houy rf’ydﬁ*i/mﬁré”‘ %E‘fga%f’c Eﬁ?’;‘mé’ﬁg}‘? ’?‘Fﬁﬁt"tffor a | oner
vacuum appl i #ut 4vehaHg %o aibutzzmﬁﬂﬁﬁgemﬂehﬁdlﬁuﬁfb‘mheﬁfmﬁﬁ@hp@semeTrh a cycle
following a curve,which initiall ds toa % vgwressure t hen
smoot hl y st afFR Pgh Péé’%?i’?l@ﬁpﬁﬁ‘iagéké“(hlaé%l’b?@éﬁl’ é’} B‘n’lg t®Rtial sl ope
but themnssl %M%mrmauwssecemmmtbﬁﬂoeﬁﬂeﬁc Behere continuing on

essentially said | m&l gl sl o J") the negative pressure rel eaqs 25 These
and ot her featurds 8 TGRSR T?F%‘g’@% YRR APSRE P BBe  furt her
under st ood aqﬂdenﬁ&pé e%ﬁﬁhdﬁtﬂlﬁﬁh gaﬂger@aa&utgoﬁ:ﬁﬂgh@iemtl ow ng

det ai |l ed descri ption of enbo nts of the 5 entjon, taken in t%onj unction
with the vacum, to about 300 e greatest vacuum), while simultaneously varying the

overall suction cycle from about 47 cycles/min, at the greatest vacuum to about 78

20 cycles/min. at the least vacuum, such that for a Jower vacuum applied there is an
increase in the number of cycles, with a cycle folfowing a curve which initially builds
to a peak negative pressure, then smooﬂﬂy starts a pressure increase (less negative)
along an initial slope but then slows the pressure ingrease briefly, before continuing
on essentially said initial slope for the negative pressure release.

25 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

drawings, in which;

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

e
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drawi ngs, in which; BRI EF DESCRI PTION OF THE DRAWNGS 30 FIG 1 is a front
perspective view of a breastpunp assenbly made in accor-dablele?tid t h aspects
of the present invention; FIG 2 is a side elevational view of the
breastpunp of FIG 1; FIG 3 is a rear perspective view of the breastpunp
of FIG 1; WOBMSEHST| TUTE SHEET (RULE 26) 2 OCT 2006 WD 0BfEHEHeY#214

PCT/ CHO3/ 00214 FIG 4 is a perspective view of the breastpunp of FIG 1

| ooking at the bottom FIG 5 is a top view of the breastpunp of FIG |
with a cover renoWE@. 4riewncpsipeiiveliviewhrf then toeasipainp SEAIG, 1 dookingaat thel ar ged
side view of fhe breastpunp of FIG 1 adjacent the bottom highlighting the
program card insett slot; FIG 7 is a bottom perspective view of the

breast punp of Fl GFIG. §howi tap vidwaof the \brewstpemp ofFliG, | Fith a 8oves ramwedrewhat
expl oded assenbl ¥ vi.ew of the major conponents of the 10 breastpunp of
FIGS. | throurﬁﬂeaéeg%aéﬁﬁﬂgg%g}w’fied top cover for the di aphragm punp

assenbl y; sFI G 9 F$Ga6ds agrealaiged side viepr efStha bahstpumpbf Fite 1| adjeedtcihe on of
various conmponents.with the controller: FIG 10 is a schematic-type

repr esent at ingt??t%‘f“thég ghtme e propram e msattslotay a1 15 process that can be
effected in accor GRBRCT isvh tHottdoh @eppeientiew of dlet breasipulnp GF.FIG.11 tshevigh 14 are
various net hot():ls l_gscurves) for operating the breastpunp to differing ends;
FIG 15 is a.C#P¥AranErEective vi ew of anot her- embodi ment of a breast punp
assembly nade in m.osﬂarssmewgltEkp&?gteﬁn%nmjwwefﬂﬁfgg&if?ﬂponaﬁs bt iz \MiG is a.
rear perspectijve view e enbo nt ; . 1S a sonmewhat

expl oded ssms?uvp@&g&é'gﬁgoﬁﬁ%ﬁm@& {Qp eper fopthe diplepeEn PERR ast punp
made in accorggn®d; Wi th the present invention; FIG 18 is an enlarged front

per spective view of the notgor 'driyve of the, breastpunp of FIG _ 17;
' FIG. 9 is a diagrammatic representation of the inieraction of various

components with the controller; _
FIG. 10 is a schematic-type representation of a data storage and retrieval
i5  proocess that can be effected in accordance with the present invention;
FIGS. 11 through 14 are’ various methods (curves) for operating the
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;
20 FIG. i6 is a rear perspective view of the FIG. 15 embodiment;
FIG. 17 is a somewhat exploded assembly view of the miajor components of
yet another 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; ) _
25 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;
FIG. 21(a) is a cross-sectional view of the assembled diaphragm pump of FIG.
20;
FIG. 21(b) is an elevational view of the assembled diaphragm pump of FIG.
30 20;
FIG. 21(c) is a top view of the assembled diaphragm pump of FIG. 20,
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25 FIG 19 is a viewsimlar to that of FIG 18 but froma top perspective;
FIG 20 is an enlarged assenbly view of the di aphragm pufplifelttani sm FIG |,
21(a) is a cross-sectional view of the assenbl ed di aphragm punp of FIG  20;
FIG 21(b) is an el evational view of the assenbl ed di aphragm punp of FIG

30 20; FIGWOUX083378s a top view of the assenbl ed di aphr agh¢BGHB/E4FI G 20;
-5- SUBSTI TUTE SHEET (RULE 26) 2 DCT 2806 WD 03/082378 PCT/ CH03/ 00214 FIG
22 is a sectional view of the assenbl ed breastpunp of FIG 17 taken through
the middl e of theFifeddispungstionabmigwi afsthe assembled breadtpwmpi of KIS, 4@ taken si de)

| ooki ng rear . 1 \ ' FYVA | Ed t . of FIG 22
t aken al ong am%llil n%le ngh%?gvxg? 8&?/&%@&5%%%@%#0%%&&?}?@%0 S%'E?S pgﬁlggsect I onal
view sinmlar egwatdit of FIG 22 taken along a plane behind the electric

not or | ooki ng bac 0nf EONL. i VA P4£1.1 (vacuum
cycle) for operat ﬁ\ég} %j E%?é%’g{’:%gvnlﬁ%tssou&%rﬁg%&%?I@'e%%%@g?lgﬁr@éﬁgglo FIG .
26 i s a grsaphfodepdly of thet A FER2Bpd (vacuum cycle) for operating a breastpunp

toelicit a mlk efectjon reflex. .DE -D T. OF .EMBOD} VNENTS OF THE
| NVENTI ON  The Br B %JU o e"s%“r?gl"ﬂ?wﬁgﬁ#ﬁ? ﬁ%%%t%g% 162 e gt b Y,
a breast punp l=hind ihelejectric ndue lgpkingdadk to fibnti Nnventi on in one form has an
aesthetically pleaskng.and co ct. design,, The housi or the mjor
conponents of the%g(é'sg?rﬂf)? Ffélr’@%c%%{%‘}“ﬁga %E?“??éd@a a°¥°?ee)iff8r PG Endact

pl astic. As sheastpump to ¢lek ndlkgepresidhjapdel | | psoi dal cross-section along its
vertical axis, vyield] a pl easi ng, snoot urving | o 0 the.casing,
exterior. “The casﬁ%'&gq?sa Er@ﬁb?&% ‘Tf‘ée;}l?gp@fmugﬁ‘d-cy(?%af[ﬂr IBPEEndusi ng part
11, to whi ch reasipiubsp ¥eeicht a adlkrejectivg reif@, handl e 12. In this first enbodi nent
carrying handle 12 has a pair of cradles 15 forned in opposite ends

por (1 ons 16 GYE AR RRSCRIHIENGH S mhopi I o tRURNGRE |7

(sonmeti mes  yye Breastpump Assembly
Referring to FIGS. 1 fhrough 7 initially, a breastpump assembly of the present
15 .invention in one form has an aesthetically pleasing and compact design. The housing
for the major components of the assembly is a casing 10 made of a rigid high impact
plastic. As shown, it has a generally ellipsoidal cross-section along its vertical axis,
yielding a pleasing smooth curving look to the casing exierior. The casing 10 is
closed at its upper end by an upper housing part 11, to which is affixed a carrying
20  handle 12. .

In this first embodiment, carrying handle 12 has a pair of cradles 15 formed in
opposite ends thereof. These cradles 15 are adapted fo receive and support the funnel
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.

25  Patent No. 4,964,851 and 4,929,229, for instance. Further detail regarding the
breaétshields 17 may be obtained through reference to those patents, but will be
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.

30 In genera), however, the breastshields 17 have the aforementioned funnel
portion 16 which communicates with conduit structure connecting to a container

(botile) 18. This particular-breastshield 17 is adapted for both manual as well as

-6-
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referred to thensel ves as breastpunps) are of the. type shown and descri bed
in U S. 25 Patent No. 4,964, 851 and 4, 929,229, for instanicgl Byt her detail
regarding the breastshields 17 may be obtai ned through reference to those
patents, but will be omtted herein since the inventive features in point
in this appVP8HRH/ are not contingent upon the breast shPETEHBEIRY used, so
long as it is suitable to the task-of mlk expression. 30 In general,
however, the breastshields 17 have the aforenentioned funnel portion 16

whi ch comuni meibdzed putnbingo ichasta collar2Otto mbich armanntliyrdriven piatoo pninp Kuvd r

(bottle) 18. This .particul ar a Lel 7] t E b nual as
wel | as suséPﬁ@fE%%\E@‘F“?ﬁﬂ‘%aw&#ﬁdﬁ“%‘%ﬁ%g@%‘ g%[ll? 3/ 00214
not ori zed pungiechipally dpeleasi wemoh panp BGo be exhlopdd, thervein a pott pratided ewidpi st on punp
(not shown) is.screwsthreaded for attachnen d use.in o e of

operati on. SRR MR iR e Mt B BB oy e
there i s & poibe ffioaytidedheinsiphenp Bf releh@blyotdnasctedOtowtuneby vscuim #oothuNni cati on

with the funnel portiqn,. an Mhich.a 5 tube fromt vacuum punp i s

rel easably cofffEtH 1:5‘ ?'&5180%\3@&%‘{3@&‘{?%% ﬁ%&)"aﬁﬁ%ﬁg}?"fﬁﬁ@f“&ﬁe %&5&35 such

deL ail i E | wel patdaf0 Whong dthet piiblResgteands (fﬁél@mﬂ geemf‘ e ,gﬂze vgaénemt S, alrr?ng
ot her public soyrges..In.operation.jn eithe .t I dene coni ca
portion of tHh&Ht é%of%cﬁ‘i%fltge ‘Faﬁ"g‘“’b‘* EEECPH%PH‘EP@%?’@EEFW}%&WB&%W vacuum
vvithihn ”116 sbhmk' iﬂ;theambM lléll(,hﬁdﬂte:‘el?ﬁﬁm' 'ﬁgnﬁngldﬁohgu@pﬁmn%fw h%iﬁ;&i foonrtllsebapp: i ed
to the o breast.. ra romt east_ i ollected in the bottle
18. FIGS.1915 ‘?JEFR?*'M‘%%W%%#‘Faéﬂséagétﬁﬂiﬁqwet e breastpunp 10' (prine
nunbers being usedibSr B fhd 06 cRiveh halifiddrdxteior Bttherebadipsh PEr(pEhe I N this
version the breastshields 17 are_not  cradl ed t he handl'e 12", but instead

are carried imbessdemgusedipram borefer o simylas butmedilicd parts)e I dhis version e prj ve

Mot or  Ref er r i gienstsRiclis ©F a® robbrhdlied by the Gasdl 2 16k hidfeadardichiyisd WM fold® mount ed
therein. ‘There are, of course, apy nunmber of drives that may be used for
di aphr agm pundfsmougisdiio the bpqkoftheyaly i n the instant enbodi nent. Indeed, the

type of puynp (di apiha®Five Mdtst ON, etc.) is not necessarily significant to
certain aspects of the present .invention. 20 The driving nmechanismfor the

br east punp shown Refemngdtodizod iinially: rasingd0es 2 deye ik 25 mogntgd fhese; dri ve

for the di aphfiRedarsUWiRouss) el Duinbé drives’ @AURLY B udd RiSdiaphfagARABHEPNt .and a

12 V DC-notor 28.
such as those used in the instant embodiment. Indeed, the type of pump (diaphragm, -

W

piston, etc.) is not ne;cessarily significant to certain aspects of the present invention.
20  The driving mechanism for the breastpump shown for the embodiment in point,
however, is a linear drive for the diaphragm pumps consisting of a reduction drive
arrangement and a 12 V DC-motor 28.
Tt will be noted that the FIG. 8 embodiment is substantially the same as that of
FIGS. 1 through 7, except for a modified cover for the upper housing, which here
25 includes the rigid shells 24 for the diaphragms 34 as part of the cover 35. The
diaphragm pumps 30 will be further described hereafter.
FIG. 17 shows yet another version of a breastpump of the present invention
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
30  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.
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It wll be noted that the FIG 8 enbodinent is substantially the same as
that of FIGS. | through 7, except for a nodified cover mfZ CTtZE[ﬁ upper

housi ng, which here 25 includes the rigid shells 24 for "the diaphragns 34
as part of the cover 35. The diaphragm punps 30 will be further described
hereafter. P& F8shows yet another version of a breast pBRFCHNARE present
I nvention substantially the same as that of FIGS. | through 8, except with
a nodified cover 35" and shell 24" for the-diaphragm punp 30. The

br east shi el d hol d@rumirdg navetorFIGS. 13,5193and23 dhbeghe?bindpantiboylar, he reditction been

slightly nodifli Lf.] ' t ' 7 odi t .t hat the
majority of t e'gr?ﬁ%n(%og ’allﬂgﬁje e%glr ?’?@&ﬁf%@. E)ijroygfs{éaﬁh%w 'Fmﬁ??ef %’?ﬁﬁgr()f

under st ood. -mietolAIBETEITLIEE BSHEZA is(réddivid ) ch2nnelf vABES 1) hioBIsGaRBES

PCT/ CHO3/ 00214 , Tur ni,ng.n to, E 9 d22.thr h..24. i n..particul ar,
the reduction® ﬂbeed;‘?"? ﬁlbag%so%%ﬁ W@'ﬂg’gﬂ"%‘%%’ aé]haggg lsat%‘ﬁd %’7’8 %%&Vhﬁegﬂr ransferred
fromthe shafA f28wlak]l 5Hmeruntd oh @ sheft 54 Axid. to BelchaRiH2its fieelg eotatedndn a
channel of wheel 51, Lch .l unted .to the drive chassis 6 rot at abl e
chaft 52 shieuss e Supids 3g b TP Pickucity it idier cBgEengn b g 557 s
nmount ed on a witakkeebsy.fi Xxed to the chassis 62 to freely rotate, and engages
t he outsi de of bel rodycj n re_surfgce_engag by the belt 27a
with wheel 51. Sh§*‘?ﬁz éghﬁpaﬂss'ﬁﬁ%ﬁﬁ%?yg%éimuﬁﬁ‘gﬂle*fgnwggﬁ%ﬁ lglfﬂ%lp n. Belt
27b is toolt heghd en@@ehtiﬁ@%@gss Tdstﬂwag:an ?%M@ﬁabﬁ@?g{g@é ilaa%bﬂoaga Ekﬁfz Irmeg e -
engages a |l arger toothed gear ixed to. rpta S . .

and 24). @artb%o"%"eéé‘h’fo%g g?w&stg&aﬂ&ﬁggﬁfog@ﬁ#%% S@Sﬁ‘%@ﬂegg‘?“?c, whi ch

i s al so t oot hagkione3) IR 76 8MictDR aBtD t¥Mthed, Bhgaded 8énG8 ag QR as RIthedBaF 59 i 'S
fixedl'y nounted to ro,t;g(l ng shaft 70. 'Flﬁfte at_each end &éﬁhaft 70 are
smal |t oot hed®%&¥ps>9As dxedp] mouniedp wefating shat70; Fixe TET?"P@%‘% My # 9¢ engage
gears 7la, 7shaasshdireeat ¥id, 7Rt ToEhddaROER, PdksedBaly ehdike gddrs 71a, D aphragm

pusher (push/ ull?‘i1 shafts 74a, 7/4b are respectively clanped to belts 72a,
a

72b at one endP @WW@P“%WBﬂlé%Wéa’t"’ﬁ'é interior of a respective -
di aphr agngsnenbr-an@idpembar pudfer ((phdpully shallh F4a| BB £€ edpbdively 2unpod t21(2) ) .
Here, a screw en ementpvm'th@t hg sﬁafts 74a, 74b V\Sgs usgd, l]vi:*\;'@t,h.a t hr eaded

a .
nut - 1i ke el erielis 7287728t rmeendn  Abe ofhar gnd: erpegss e dntenorcf &eskeiBs ane 36
(again, the dii@ﬁﬂ??gﬁammeﬁﬂ @IS 290 Rish 8 FIGS M d 48k Helra OW) . Both
Sha

of the pusher S 74a, .74b nove_ in_ . .
screw engagement with the shafts 74a, 74b was used, with a threaded nut-like elenent

37 mounted in a reinforced central area of membrane 36 (again, the diaphragm pumps
20 30 are described in more detail below). Both of the pusher shafts 74a, 74b move in
tandem as driven by respective belts 72a, 72b.

Accordiilgly, as motor drive shaft 29 turns, belt 27a rotates shaft 52 via wheel

51. Belt 27b is in tum thereby driven off of smaller gear 55, cansing rotation of shaft

57, which in turmn rotates larger gear 56 and its smaller part 58, to thereby tum shaft 70

25  via belt 27c which couples gear part 58 with larger gear 59. This transfers the motion

via gears 71a, 71b to belis 72a, 72b, imparting a linear movement to the pusher shafts

 T74a, 74b, A forward and then backward stroke is generated, through reversal of the

motor shaft 29 direction. Reduction gearing. is thus obtained as desired through
appropriate selection of the various gears/wheels noted above. -

30 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

-8
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tandem as driven by respective belts 72a, 72b. Accordingly, as notor drive
shaft 29 turns, belt 27a rotates shaft 52 via wheel 51.. Tt9g /b is in tam
t hereby driven off of smaller gear 55, causing rotation of shaft 57, which
in turn rotates larger gear 56 and its snmaller part 58, to thereby turn
shaft 70 28VQP3H8BEPt 27c which coupl es gear part 58 with PEFEHPYRHr 59.
This transfers the notion via gears 7la, 7 |b to belts 72a, 72b, inparting

a linear novenent to the pusher shafts 74a, 74b. A forward and then
backwar d st r oklseli Bageonatedite the shinfk 39 ghmptoy 2%, yddtichgs registeredbon equnichzfte 29

direction. R [ | ' dHse ' Fssd ugh
appropriate g‘géhg%tg?%bﬁ&g@){tﬁgc%ug?gus gxggéregéf gﬁgg‘?gp not eeéﬁgﬁk)\%.ﬁ 30 The

| ocation of the slhaiegstivepsgssitelor wcomy, is graemptad fn opairtaf disphragmpumpd 30. as t he

| ength of th ' . 11 j 4 IS , Whi ch
can’be of  anyohiBffiaph bl RaLS Al uRaRibd 0GR AdBRIREh (£ 01 08
uses a t o6t hessembleSBHiTd rELPEEIVSHigiATsheIRLE End 6de FIGS. I0GRJ2008) thidgh2ARE2378

PCT/ C1103/ 00214 . l, 7 d th ft. 29 .of t 28, ..which i
Coal Storon bl Bftel BR0WE THE mbRult® abl Bidy &2 8" slRiftun et S ' °
pr oc esseg _by ehmemau. dmé@hhe hembahgiigs .pgubdrw;ggE tfiongt_ha smmh & vampmvacuum i s
ener at e In a I1r.o I a r m pu . a. | apnl a as a
ot bl o romseuiRed i e iR befreen Rie TR derion ey Hhy BEHROBHRRERL S T
respective riagtedsed igbhghahilbiopoat Heforndd@Gn. the2éhelhrtal whicha) tubd3Dis @bniiddied )

descri bed further bel . _The nenbrane and  sh are in substantially
airtight enddfumBpca %ﬁacf‘}‘f@t%‘i?fﬂﬂgq}'ggg’ﬁs@ée?‘{){ﬂ'l ed away from'the shell 24,

a \égcuum i \?Vh _ gﬁnel’aﬁz%dsbﬁvﬂb&eiﬁxgﬁﬁﬁmgebﬂﬁﬁmhlbﬁ@cﬁﬁﬁitbia?&?w@féc@%i&&ﬂd L he ol
menbr ane, i can be, accessed. throu t ort or t he shel |,
Lo whi oh a t BEHEBomEaL A e thet 8 2 06 A b feedent tReistr Pl
respective briaf&teshipever dofd 3Pavmbvilld di Dwiagacbual infvant donvenitatly Rcstedar y house
current via power cor ba such ﬁs a pair of

d 38,. or .-el ectrochem,cal, ttery_ 39
SV T 2An | i SRR Ty 8 b eGRmA e I A IO b IRSES pr bt ded
ot Com o T he L S O L et w 1 hi
ottomo e | ower housi ng par, .. . shows S rmed within
t he | ower hod%tPﬁﬁ’eﬁ%cq?srﬁ%HB%h‘g\%Wﬂﬁ% 10abaving co¥ers 62 fyrdhs wellsr &% i nt o
receptacl es foilER dotallRF thebas wask 14 fokQlarifyavi ng covers 42 for the wells.
FIG 7 omts the detail_ of the wap nount 4Q, for clarity. -The Single

Switch I nversely caheSBeleSytchleymelyLiartgliiog Vacuum and Rate
An on-off switch or knob 45 (and see FIG. 9) is provided on the casing, which

20 can be rofary or push-button to that end. It is nonetheless rotary and push-button in

this embodiment sintce it also acts to contro] the amount of vacuum being applied. As -
the knob 45 is rotated, a signal is generated which increases or decreases the level of-
vacuum (suction force) to be applied, depending on which way the knob is turned. In
this embodiment, as the suction force is increased, the cycle (rate) is decreased. That
25 s, the rate and force are inversely related. This is considered to have a beneficial
effect. The knob is pushed in for on and off.
~The Function Indicator
Additionally visible from the exterior of the casing 10 is a LCD display 48, a
milk ejection button 49, and a program card slot 5G (the ejection sequence and
30  programmable aspects will also be discussed in more detail below).v Milk-let down
buttoﬁ 49 is used to activate a pre-programmed suction sequence (embodied in

components to be hereinafier described) particularly adapted for ejection and

9.
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An on-off switch or knob 45 (and see FIG 9) is provided on the casing,
which 20 can be rotary or push-button to that end. It i§22ﬁ§ﬂ§$ﬂgel ess rotary
and push-button in this enbodinment since it also acts to | the anount
of vacuum bei gg a_)ol ied. As the knob 45 is rotated, a si gnal IS %enerat'ed
whi ch i ncr %9 8%083¢78decreases the | evel of vacuum (sucti oRCT/EHEEYZ pe
appl i ed, depending on which way the knob is taned. In this enbodi nent, as
the suction force is, increased, the cycle (rate) is decreased. That 25 is,
the rate and Ptiswaie dheomilk\sigcten feflew| Jfhe slot 1R rroyidescthp dntedice diceess ftve a
beneficial epfbpanmitd @rdsRed with (R GERGunp of Als idRnddrd Of f. -The Function

| ndi cator Additronally visible fromthe exterior of the casing 10 is.a LCD
di splay 48, a ni | Teedisplayi4§rpronides aiual gndicefions-ofedeisainetigntiokbopump (t he

ej ection sequ ] &La%&n eqdi sed in
nore detail bgﬁg\?v?m%c?‘%gl%%@mgbﬁﬁ?%ﬁ%@egigghrto acetgl’-{IllgItle§,=nc'l<:15$f

pr e- pr ogr aimreshcierciorcenthe batigrrondifiamirsido&ith. n - conponents to be hereinafter

descri bed) parti cul A @ ion and -9 SUBSTI TUTE SHEET ( RULE
26) - 2 OCT 2006 \A&@‘@%@%ﬁﬁﬁﬁsjﬁ%zm stimilate the mlk ejection
reflex. ' The sl otin3igs prbedinde, theiwol dapbragaqugs 8@ s ih arwellfowgdamthieng car ds
used with the,hr f LS. 4 tdz0n. « Ihe, disp. I.des vi sual
i ndi cati ons OPB\?Z?I?GE)US l}g'ctﬁlE gt%]vg: %?Yaﬁejspdhn%gﬁ qa%hlg, fé%?dgrﬁ‘nﬁ%ﬁ\& glg for
exanpl e, the suppientiaily sisuleeiedheit ireprimadognatenpats)) is provided shichffits dvesthet i on

force, the b ondl Lk qpiﬁ e P2 ggg}Po I ve Covers
In this e o%hng%d %t%gér'?%ﬂ%hap rglg#%%%tlrrlgts‘s arg'i Eﬂa we Ijlf%{r?érfrléd in the
top of the cathrough tlieved apayiprthe3ovirdb dor Gbmplesfdr &5y accesydi wse. pri med nunbers
bei ng substanti al i | hej I - rig(};ﬁ Nk &r par i s _provided
which fits over tr#e%Tg b\%‘e q%da{rl?gt ?‘S%B%“ﬁteﬂrlaﬁfﬁ » ugﬁ&hﬁaﬁ%%é&%%ﬁﬁwhousi ng
part 11. The eultddetent 8f FEXt&ndhe FIG.ddgimbodinient/ipd the elxdls 24 mdusted dver 35, for

exanple, for g Lacce " Al v b t hat e shells 24 are
shown for ned %ﬂﬁ‘%ﬁ@ EOVET lgfﬁg ﬁjgp ére]ﬁ%r%%g’rr%nﬁg %‘&gﬁ gga%%ip'f’ﬁemﬁﬁaﬁmﬁ
enbodi nments hasmghgemest)ebches Bbwinin titecthbodiment of FHGS.H0! and Zh) Grough 210 upper

housi ng, as thr h a.snap fi.t. or interference 15 age t. such as shown
ot b embodi HeoVy pitief ARl e, Slonisl) o RGHE fre BoRASRI R iR 20
access for cl medhamignoand fepdlaaing dhetshellsfrmselnegsrhivh atdy@royvidedpwitigerips 33

to these ends).

L

In the FIG. 17 embodiment, diaphragm member or membrane 34, which may
20 be made of any suitably durable flexible and durable fluid-impervious material (to be
airtight), such as silicone with a Shore A hardness in the range of 30 fo 70, is molded
around its perimeter to a rigid plastic collar 85. Collar 85 has a pluraiity of depending
anchor posts 86 with outhoard flanges formed thereon, which engage with the inside
lip of the respecﬁve well in the upper housing part 11 within which the collar 85 is

25  received to snap-fit the membrane 34 in place. '

Prophylactic (protective) disposable/cleanable covers 36 are additionally and
advantageously provided, which form-fit over the diaphragms 34 and isolate them
from air and other fiuid from the breastshields. The covers 36, which can be made of
the same material as the membranes but thinner, are likewise fluid-impervious.

30 Referring to FIGS. 20 and 21(a) thréugh 21(c) in particular, each of the covers
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.

-10-
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mechani sm and for cleaning the shells thenselves (which are provided with
grips 33 to these ends). In the FIG 17 enbodi nent, di aghtddgiitnenber or
menbrane 34, which may 20 be nmade of any suitably durable flexible and
durabl e fluid-inpervious naterial (to be airtight), such as silicone with a
Shore A haMh&¥¥2378% the range of 30 to 70, 'is nol ded ar oPEHCHEAHOR | net er
to arigid plastic collar 85. Collar 85 has a plurality of depending anchor
posts 86 with outboard flanges formed thereon, which engage with the inside
lip of the rdipemadst/beadeB8l engages hieamgpgllar toochinmgl P farmad along fh hottmi ch t he

col | ar 85 15 ouirc GORHY O 1. & Bkibialy LSTRNEANE Hinith Bloigieal 0PNV 2cti €

(protective) G Sp CPeAnabl e cove
advant ageous|cpveri36andithd shallhi ch formfi t over t he di aphragns 34 and isol ate

them fromair and_qther |UI S r 36, which
can be nmade of thR&" % orcg?a er.gdfg"émg‘?% rrgl%ﬂ}'éaorebo&%fl g%er?n‘{ﬁ%glfe i kew se
f 1 ui d-i nmper viaokead 9Bﬁud%foeld5n92;wﬁmhléhdﬁ&un 2icnanfeter@ih{lp protnnd thegbveR 1T | n.
particul ar, each of t cover.s upt ur ed cuf f ornms an
il o ael 1 SEF SRR R PR o R A6 o gn B ojfar 8 of
ci rcunf er ent ithd mhetigse BG mwrt@&ﬁt\idmﬁ&praﬁ@d&bm@mthy pfftdctied covaka6lahdcal |y from
each ot her, e forne | ong t.he bot ar f .th ul wel |
SUBSTI TUTE SHEEFER 3‘36‘701“82*‘1&’1“‘?6%%%%‘3’/%%“’5 sgel%‘{]pé?mgr/%z“
LJpper nost beagexﬂﬁa;ﬁﬂg,a@ﬂszmhplea?waﬂmmagm pimpB@hannel 90 forned al ong the
ottom outside o 24' or a tanti, |rt| ng nent
bet ween t'e prot ebf"f S0 g‘ﬂ'i/%ron%"é’a%ﬁﬂ"et ‘Sslfng‘&edI},én H%Faﬁ‘?%éh‘gﬁ 93 is
formed w t hi eofnliRnicattewite thetwssﬂﬂmpaf:e tHaemSofah baﬁveb:ymeEnembl&madet Qdd and
shoul der 92, which each run% ¢ nferenti al I%l aro nd the, cover, Th| S

d

interior charfEWRE eoer 36; e P Rergyts gy |t rﬁlfdﬂ‘ﬁ&bﬁﬁﬁ%‘ B imon the
col lar 85 of exhdwGted/eabl ang tﬁéﬁrséﬁm&e bhls@ﬂlupfliappehs td wﬁmﬁfdomedmimt ween the

protective cover_ 36 and t 34, which al so ser rel easably
fix the shel |““§'4‘h?PF°HF%V€é=°WéEE aftor shgpUgYEng: E‘e“’e?ﬁﬂn%ﬁg‘s %ﬁ%“dl aphr agm
punp 30. 130 Natewhick & wild génefillp BEm\iadal bilay@nddh | S provided in the menbrane
34, which comunicates with the possible space that may form between the

menbr ane 34 arlk Progatnnybl Wuer 36.- This valve pernmts any entrapped air
thgge):)glrolgt \tAﬁeBet ?O\?QF& gf]'ﬁi%a“tst eFts(ngtﬂe P{MSGIHL ngloﬁr'%ﬁgcat%tl e%‘iggr?ﬁt r E hglroeaf ter
t hen fol | ow rgeatthanproith diffetenofyptshod solitiap kecjagoes, or cycles as they are sometimes
referred to herein. With reference to FIG. 9, for instance, the breastpump utilizes a
20 miéroprocessor-based system indicated at 60 which is provided user input through a
plurality of “chip” cards 61. Each cﬁip card contains one or more predetermiﬁéd
programs recorded on an EEPROM. For example, each card could contain a specific
type of sequence along with a milk ejection sequernce. .
An EEPROM microcontroller of the type MB90562 may be used, for one
25  example, or the Atmel 2-wire EEPROM chipcard microconiroller AT24C164 for
another. These provide about 16K of memory, which is considered presently
sufficient.
The programs (some examples of which are described hereafter) are recorded
in a conventional manaer, and would be provided to the mother ready to use. The
30  programmed chip card is inserted into the slot 50 in the back of the casing 10, where it
engages an interface to the microprocessor. The particular program on the selected
chip card 61 is then communi.cated to the microprocessor 60. Microprocessor 60 is

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

-11-
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15 34 to which it will generally be in facial engagenent. The Progranmabl e
Aspects One significant aspect of the present inventigz @ the ability to
programthe breastpunp with different types of suctio q?ﬂl@nces, or cycles
as they are_sonetinmes referred to herein. Wth reference to FIG 9, for

i nstance, tW@BP¥A% punp utilizes a 20 microprocessor - bas @ TECHBEMIE ndi cat ed
at 60 which is provided user input through a plurality of "chip" cards 61.
Each chip card contains one or nore predeterm ned prograns recorded on an
EEPROM For exigintbé selected progoan, draswiag vhon eitlieaihe AC pyyex sduiree asteypertall visequence

along with a m | ' ) ler of, the type
VESOS62my beiity Bl la BRIRIGRA o inSI 3, B BORARIHRY sy O e o
m cr ocont r ol |'Bwe nAG2pGdessbr SO ean alsocoiitenl powin eaagementi de about 16K of - menory,
whi ch is considered . presentl sufficient. .The proaqr sSQ ex | es of
whi ch are descri bg'&aﬁgﬁ\%ﬁ? Eeeg’)th%?@o?'gggﬁ% e Rrﬁég‘gg%%\g%?é)i%m rrrrier, and
woul d be prowlsdd dlustable byahdeder viaagyration ofSke rofdng comfdl pneabgdéHamsted hi p card
is inserted into the sltot Sg Ié@ th§ CkHﬁi thtglcasi .q?ﬁmhe({ﬁ.it engages
an interface 8% KPRERHEIS Lo dbesypronspige Jilf pong T%sf‘)b‘ﬁ%&iya BH'CHE sel ect ed
chip card 61 thsprbfren acaninitial setibg dot ddjusthent Byahopechasater vie the kiicssopr ocessor
60 is integrated Wwth.the drive unit,25 to effect .operation of the drive
unit in accgrdancgm-embo @TF‘T‘@?@H%E?"&U@E@%)@ 38 (1BlH3/ 082378
PCT/ CHO3/ 002 lefectiot fchled)liiat &l BE bxpdgddr wigioaimeed bAMichig cafdofor Gietshds. - The AC power
source as_convert.ed via sta(rgdar.ddtbegh ol orgx) to DC () ntﬂi cated at 68 in FIG
9), or fridm Rk Hagipr scauensy (descrbed belowd is preiprogrammed iy, the BIGIORTOCESST, "¢ ot r o
power nmanagergdnbr mdp othicfisel Ko wited MitcOthe chrfiftrpiiDal filanstk 16 6@dtide/e [leRSSUr €

generated) wl| ,typicall 5 al be adjyustahl e by the user via operation of
the rotary comiEing SRERUEE PoEmas NAPRde Mkt SRS (3 Eneses tHORGEILA he suct | on

force will ngpaidiahevateh d9,nakich prédcdar @i @adh & elebital @G, AN@Shaln 1 ni ti al

setting, for adjustnent by the.user thereafter yia the knob 45. One
enbodi ment cdHE PFBF@?%&Q'p%B’WQTE%“%PW‘FR“E?‘%@F%‘% sequence (nmilk ejection

reflex) tipat - can heyviebeaget, widksnod thaetshiddard6ICh bt @R~y t®proiba tame. . The

to mlk ejectioon sequence (described be|lqw) i e-progyramed in the
m cr opr ocessdFCEEROC ?orﬁéyog?ﬁ@%’ge@%@“{ﬁ%ﬂé’ﬂaf ﬂl%g'af E‘Qrec‘{%fﬁff’ﬁ‘ﬂﬁo?% a mahner
to override tite HuR@N49, each set to actuate a given sequence pre-programmed into the

microprocessor 60. A numqn'c pad coulﬂ be provided to input a code. The programs
could be provided through an electronic dafa link, such as a modem, or opticallff, or
20  ctherwise.

Data can also' be recorded by the microprocessor' for downloading or {ransfer
to the chip card. Data could also be directly recorded on the chip card. For instance,
it is contemplated that the suckling action of a particular child could be recorded and
reduced to a sequence. That sequence could then be programmed into the pump, and

25  the mother would then have a suckling action from the pump very reminiscent of her
own child.

Referring now to FIG. 10, the chip card 61a with breastpump operation data
thereon is then read (downloaded) at a “card station” 75, shown here as a card reader
76 linked to a computer 77. The computer 77 is used to transfer the data to one of a

30  variety of available media, such as CD, floppy disk, etc. for physical transfer to a
research or data monitoring facility, here indicated at 80. The data could also simply

be transferred via modem throngh an Internet interface.

-12-
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exi sting operating program Wen the nother desires to engage this sequence,
she presses the button 49, which produces and sends an =€l Blctjiical signal ,
as to the mcroprocessor 60. The ejection programis then effected. 15 It
will be readily understood that a chip card 61 is but one way to programthe
ni cr opr oce¥HPBH78 x her i nput neans coul d be used, such BSVEPO%Hdi cat ed
buttons |ike button. 49, each set to actuate a given sequence
pre-programred into the mcroprocessor 60. A numeric pad could be provided
to input a colie NewHapression Methode(Gyelés)he provi ded through an el ectronic data

link, such as a nuggmmRbedBéd bt d Yarie§'of dBferdt AREV SRles PRERuSRE @dhSO be
recorded by the m croprocessor for downl oading or transfer "~ to the chip

card.. Data ceUy be Broyiedwiththe-samebroagipwpp) eqripspent hAn erample af e kingrofj nst ance,
it is Contemn%%ﬂﬁd?ﬂch%&&%ﬁrgﬁn% Fﬁé&sﬁG@lP%&dgﬁ‘l‘Sar child could be

recorded and reduced to sequence. sequence coul d then be programed

into the gunp, anﬁ@Blhﬁ@Wﬁerwm&lwf{fmﬂ t%hyé&edelgdeklaﬁrﬂge‘mgd fromthe
punp very re h |n 0 the chip
card 6la wrthn‘}':ft%%ggcglg{EJ i o?feursal?:lxgﬂﬁ@b&%r ere n ?rsemqg‘“h) trhgggﬁ %&\ml oaded)

at a "card stdavploped Wlﬁch ghmmﬂewdrtceplagldaa gaml oﬁm@ésuch%cﬂwmwl&cmta conput er

T The | COMPULSE, ffnb udtRthipl RBPSI A Hi3hPo 0 AR RrdBulpll oty O

avai |l abl e nmedi a, suc I cal s er to a
research or deidbyidiedls it gﬂxshadmdtml;l fhermm of HEF.dat mgafate s isalagt a coul d

SueeT) TUTE Ry Rt AR o G B I Pl BE D c e

Expressi on Mepandabr (@holl.gbg ciicles erenfiteti abationt 47gen minwde; the anmmntatf\sugiondi f f er ent

suction cycl & g ﬁ}th t he sane breast punp
equi prent  An % gﬁerﬁﬁgg%ﬁ%ﬁébq%@&aaﬂ%%%%&%ﬁ uch cycle could represent
conprises Fl GS 1FI¢fihﬁ2)ulytstrdt&r wﬁatFrbaEﬁbeltbnna‘doas @ mswdtSom, NipplewPragramS referred
to by Medel a, "Sta Thi a_met hod for
operating a b ea purrphjpﬁréspn% elgl’hIt eglbg‘ P%%%rf%éq%ﬁhy Gered to
provi de aisgenengd isapducehito swot BQ)mang \aad rtMDwraﬂcsmnmon gfcleain exiefidedtins nor mal
Fuck! 00y SRR AR Y b WP E 50 FB e iy Y Vo 2
applied in thl,s program, there is an increase in the nuinber of cycles. In general,

—

however, there is a slower and gentler suction compared with the “CLASSIC”
program of FIG, 11. _

20 FIG. 13 shows a new method for operating a breastpump which is considered
to yield an increase in milk ontput. This is a program that might be applied between
regular pump sessions several times a day. In this method, the breastpump is operated
at a rapid cyclical rate on the order of about 120 cycles/min., preferably with a panse
after a period of vacuum application; here, 10 seconds of vacuum, then a 2 second

25  pause. The negative pressure is in the range of about 50 to about 150 mmHg. Note
the detail in the inset of FIG. 13 showing the rapidity and steep slopes of the vacuum
application.

What has been termed-a new “Superior Program” for operating a breastpump
is illustrated in FIG, 14. A vacuum range of about 100 to about 250 mmHg has been

30 chosen, with cycles ranging from about 47 to about 78 per minute. The cycle rate and
the vacuum are tied, such that as, for ihstance, the cycles decrease, the amount of
vacuum increases, i.c., there is an inverse relationship. It will be noted that this

program differs from the “CLASSIC” program above in part through a sequence that

13-
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to the y-axis (in mllimeters of nercury) and tine (in-ﬁe@{q%l@) al ong the
Xx-axis. In this particular nmethod, the cycles are fixed at about 47 per

m nute; the anopunt of suction is generally adjustable between about 100 to
about 250 nmmHg. FIG 12 illustrates what can be ternmed as a new "Sore N pple
Program’ NeQ®OE2378n conmparison to FIG 11, it will be seBrl/$HE00%He | ower
end of the vacuum 15 range is reduced to about 20 mmHg, and the overall

ti l. f ahout
cyet Lo ohch SR hARE el oS BBy s BB B o v
I S an i ncreasfiess megahm)mhrigea sofiilac (glflesgh bppogieh esiopk ,to thavetviae negdmeée Is a

sl ower and gentler ar e Wi th t am of FIG 11.
20 FTG 13 rigue ofisE i 30 B8 REY e ek e 0 Refeet SRR & cons) der ed
to yield an mmnﬁﬂyethe Ninitiil lslopmtfcprutheTﬂwgaWBSpressmagrem t Rainilki @ékioe appl i ed
bet ween regul ar sessions,se Bl this nmethod, the

br east punp i SSHE e ma?rpgafregm gﬁﬂeﬂeﬁ"?ﬁ‘t‘e \é‘;lu“'iﬂﬁﬁs BYFBIM IS hout 120
ﬁycl esllg1 n., a?e&ﬂ?abd yhowi 240 rﬁuﬂm cﬁtebﬁélg%mmadawﬁrthmauwmawl i cation;
ere seconds, of vacuym _the secon ause e negative pressure
is in the rarli’fémB’l“teéﬂg P‘aﬁ%’bf% %bfocﬁlﬁsmﬁ’l‘ﬁ‘ ‘Note the detail in the

I nset of FIG 13 %Mmhmimﬁhgum le¢ep sl opes of the vacuum

appl i cation. \Wat has_been terned uperi or Progr f.or %grati ng a

breastpunp is |||Au%fF’?35F‘EEfn‘P‘-’rﬁh’ﬁff"€a°? izﬂcumelaé?ﬁ %n'g‘eosaforfﬁah%mgq to about
250 nHg fas &eREiondH geh&a@gawdl&l@y&hﬂ@cﬁaagwwmafb& AR shwn 9 about 78

per mnute The cycle rate and the vacuumare tjed, ch that as, for
i nst ance, thdlByé e%ﬁa@rsé%‘g‘é’sQﬁégea%ﬁﬁ'fm’b?mr‘i?&&l?gme wepsEpdomac | there

is an inver S%ﬁﬁﬁﬁ&émﬁt@ambhmmnldmeg m&tvﬁdbkha&usmbao ABeAREs ffers from
t he "CLASSI C' program above in part throu a_sequence that = -13 SUBSTI TUTE
SHEET (RULE 2¥)craationodriigedrpy GW%Q?PQ B 1493?%1)211116“1)( ifeptic] P4V eaches a

peak negati veenpé1s‘p°e§urﬁ oﬁlé}eﬁoramlm meset:@mme N’ G818 UluPatioR (JrOASEIm (| €SS
negative) along a simlar Ithou posite) slope to that of the negative

pressure Bui [roduged yithe bisesipusipngy ?ﬂ%ﬁ?{%b?ﬁﬁqﬂéh%’é“‘ﬁ‘ieéﬁqb?d before

conti nui ng ONeurRRS ACHHdI B ﬂﬁ/ ehfdfopb Rihb Isﬁdpe)%m@ vhdim! difreREIREY QodTRES UT €
rel ease. mik ejection sequerice is ‘al so incorporated in this "Superior

Program " anophmgiei {hptas, the 9&‘??%1111%4“&3%@%11‘@ yrcugBoaluey proguced gBertimoiny ey, wit h
cycles rangi ngeReENE e o thiBe et lof 180 amplitude. Therefore, a single

mafhematical expression may be used to describe the envelope of the expression

20  cycle, which may be varied in duration and amplitude as shown.
The dugation of the expression cycle shown in FIG. 25 varies from 0.61 to

0.95 seconds from curves A to B. The amplitude of the minimum cyéle A varies from
0 mmHg to about ~36 mmHg and the maximum cycle B from 0 mmHg to about 297
mmHg. The duration of the cycle varies in proportion to the peak vacuum generated.

25 The expression cycle is optimized for milk expression from a mother’s breast.
As discussed above, FIG. 25 includes two separate curves that generally define the
boundaries of a range of expression curves lying within having the same envelope or
overall shape or pattém. A first curve A, which pressure varies from 0 mmHg
(atmospheric) to about ~36 mmHg (vacuum) shows the vacuum generated during the

30 cycle and in particular, a lower limit for the effective expression of breast milk with
the curve envelope described. A second curve B, which ranges in pressure fiom O
mmEg to about —297 mmHg represents the highest limit of the vacuum generated for

the effective expression of breast milk. It can be seen that the minimum and

=14
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per mnute and preferably at about 120 cycles per mnute. -Mathematical
Expressions of The Cycles A preferred enbodi nent of a VZ%E m cycle for the
purpose of eliciting mlk to expression by generating téﬂﬂﬁcm pressure
change with a breastpunp is shown in FIG 25. Wiat is shown is a range of
vacuum operation of the breastpunp froma mninmmcurve i mum
curve B. AYPYBIHR di scussed bel ow, both extrenes of op%ﬁ@?%ﬁﬁgiéfi ned by
curves A and B. include identical or nearly identical curve envelopes. In
ot her words, whi.l e the anplj e.and.cvycl e duration aof vacuum 15 produced by
Che br east purlf S isARa A oh S i BrIE h S puSFont i SBEREEhrBeR by
curves A and davelbpecshapyedmfien(t he shape) of the vacuum curve over tinme does
not change, that ., s, the o all pattern,of.t vacuyum val ues, pr oduced over
time in the br ea#ﬁﬁﬁ‘be?‘ff(?e%etﬁ%?m&%dﬂ”ggber %eé%ﬂbaﬁlilgg éle@‘f"‘% ﬁe@a’&'ﬁﬁ%i“??f’ge.
Therefore, a girtigh er segdichs roftthecalrves X Gefadiypa fifdh YeddRnlUSE dndif@edl® s@jor be t he
envel ope of the.expression 20 cycle, which . be varied in dyration and
anpl i t ude as @Wﬂﬁg"}?ﬁé"(ﬁﬁﬁf’é‘% =) ??F“?%E"ee“i‘f?regéﬂélngﬁ" ppeakeagpgpeintd - Fl g 25
vari es from OA&dcohdscgtheBD SISREINELS afthén gortionBvify kP edBentidilelidaPpdsitivde of the
m ni mrum cycle A v rig{sé from O rr’m-lgc to a@out - 36 nun% and t he maxi mum cycl e
B fromo mHF9P8 ag‘ﬁ’b pegly yacupy ppidtF, o Jp5t seemspt R H{&%f@‘é’“ﬁ’&r%&s in
proportion t ochhlateddRa by o ChatiFe GERREdh.C The &bt stRBr® ROE 8 $1HIBA of 1he vk S

optim zed for, njl k expression froma mther's Ctil scussed above,

regst.. As
FIG 25 i ncl Ji¥@snqehangsp pressis at g dmen eacheryaie Aurpe auqut 68 9 Aeut Bundari es

of a rangp of pefosht ¢FSthé Alrafioh YL e lcyd1R0 Iivdah e Redhat¥dm Ghel MNEstHBABNAMMEH OPE OF
overal | shape or éattern. A first curve A which pressure varies fromoO

(at mospher i ¢)°ure Bagstthe restseammept i Bompban G seavedsigchenhlgenetcaded during
the 30 cycle nedindlyD &elrbst Yéghtent R ob¥frorh kBut 66 Plrcenf® #B5 kSO HeiEnt @FPr €SS ON
of breast mlk wt the curve envel ope described. A second curve B, which
ranges in preBgiprboyclefurgioninihg masmbeve- BoWithiesget e siinem eHee hi ghest

limt of the yagdugiopaeRt RbEME frduhabdik f(RMt bkendd B Hos OH9 RbooRisLast m | k.
It can be seen that the m ninmumand -14 SUBSTI.TUTE SHEET (RULE 26) -2 OCT
2006 WO 08/ 0shwodinglyy theriod seryseny R spapkifionahont &3desrosnt 1o about {74 percent 8fp| i t ude

and cycle dur@é{ogpcﬁwdumaﬁﬁltﬁeﬁmcuﬁéjvd ope, shape or pattern. The
envel ope of the curves may be _described by defining separate adjacent
A third segment, 83, follows the rest Segment R and includes a major portion

that is essentially a linear positive slope leading to a return to atmospheric pressure,
the slope of S3 being more steep that the slope of S2.

20 It can also be seen from the graph that the time duration of each of the cycles
varies with the amplitude of the vacunm. In ofher words, in a curve cycle where the
amplitude of the vacuum is greater, the time duration of the entire cycle is
correspondingly greater. In the illustrated cycle, the time duration of the cycle ranges,
from about 0.63 seconds to about 0.9 seconds (minimuim to maximum curve).

25
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portions or segnents of the curves. Cenerally, a first segnent Si, includes
a mgjor 5 portion having an essentially |inear negative IUE)bgﬂgg eading to a-
peak vacuum point P. A second segnent, S2, includes a major portion having
an essentially linear positive slope after the peak vacuumpoint P. A flat
rest segrreﬁYOg?/qﬁéff"ﬁows segment S2, characterized by no cRaH§EY¥W2acuum
The rest segnent Ris a portion of the curve having no change in pressure
at a tinme in each cycle during about 60 to about 80 10 percent of the
duration of the cycle. It can be seen fromthe illustrated maxi mum curve B

that the rest segrmpl aRGAMRurh AMARPIN Burbd 5B ansSHE Spaliaid ) &5 seconds.

Accordingly, the rest segnment R occurs from about 66 percent to_about 79
percent of tHathematisal exprepsionyef Baupbinn 1. whishels gpolvimamiad hyusing thayaleesy espect to
the m ni num cptbitin Thhle § BRoweSt segment R occurs from about 0.40 seconds to
about 0.49 seconds. 15 Accordingly, the rest segnent R spans from about 63
percent to abbguatign fercent. of the total cycle duration in the mininum
curve. Athird segnent, S3, follows the rest segnent R and includes a major

portion that is e g@@,)""a;m(ﬁggJrjg;(g@’rq.m{ﬂ)u.xgﬁgf@ e leading to a return to
at nospheric pregsidie, .1he (slg)pe @f383 L Ng fe s$teep that the slope of

S2. 20 It can al sol#&T9ctd«Trlomdbds Qr“é@ﬁt“ x time duration of each of
the cycles varies with the anplitude of the vacuum In other words, in a
curve cycle where the anplitude of therﬂl laguum is greater, the tinme duration
of the entire cycle is correspondi ngﬁyﬁ? ater. In the illustrated cycle,
the time durgtion of the|cycld, angesdd fromigbout 04$3 second@dt o about 0.9
seconds (M ni eMmdrcuv@Xi frum curg/e) . 29 - 15546581BSTi7dtded: SHEEd476430LE 26) 2 OCT
2006 WO 03/ 08@@if8micede CHD3/ 0021y  Bot lo t h&16%56mi mumrszsngl nexi-paressgur ves A, B
may be represented by the mathematical expression of |Equation 4, which is a
pol ynomial, Hy using-the|value4d giveld in Tabde 1 beAgw. Equatidgn 1: Y(x) =
VAI o( Tx) 10 +AgéxrupSurvda( [Tk Y752060( Tx5500664 6 ( 247p6 + Asd38Xy +A4( Txard +A3( Txy

+A2(TX) 2 +Ai ([ WixintrAourveTab e 1252860 A -880860 147200 -17360) 370
Ao T V
Maximum curve 0 0.98 1.29 -
Minimum curve o

1.5 0.15

where y(x) is the vacuum in mmHg, A(n) are coefficients of the polynomial, T'is a
duration constant, and ¥ is an amplitude constant, Equation 1 is only one of many
mathematical expressions that could be used to describe the curve shown in FIG. 25.

10 The present invention should be understood to contemplate any equation or function
that yields of approximates the vacuum envelope shown.

In a preferred embodiment, each cycle may be spaced by a rest period at or
near atmospheric pressure. The time of each rest period may be from about 0.1 to
about 2.0 seconds. More preferably, the rest period is about 0.25 seconds. Including

15 therest period, the entire cycle sequence may be performed from about 50-75 times or
cycles per minute {CPM). -

A preferred vacuum cycle for stimulating the milk ejection reflex by
generating a rapid cyclical pressure change with a breastpump is shown in the graph
of FIG. 26. The graph includes two separate curves, but with the same envelope or

20  overall pattern. A first curve C, which ranges in pressure from 0 mmHg
{atmospheric) to about —45 mmHg (vacuum), the minimum curve C, represents the
-16- '
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the graph of FI

Maxi mum curve -51656 178730( -247333 inimum curve -51656( 178730( -247333 A
A -A%A A Maxi num curve 175285 -68086 14720( -1736 37 Man(PﬁJszg:urve 175285
68086 14720-1736 37 A Maximumcurve 0. 1.2 Mninmmcurve 1. 0.1 5 where
y(x) is the vacuumin nmrHg, A(n) are coefficients of the polynomal, Tis a
duration cHEBARB8 and V is an anplitude constant. Equati’%fir"f\—{ﬂ‘f3é°°@ﬁl y one of
many nmat hemati cal expressions that could be used to describe the curve
shown in FIG 25. |10 The present invention should be understood to

cont enpl at e dewerdigibef Ha rangefof dha yaspum cyele (lgwer amoupl ofpngk yrewraR-e t he vacuum
envel ope. SMoWguond Bude B, Sl ke RSIELHE Hom 6 3EHHE KLY REmip AL DY 2
rest period \z%’%ho.gr mﬁ%ar’ at m)speeri C S(e_ssure. Théé tgl'rrlé of eac _grgegt peri od
may be from arsimunpourve B, repigernts tie lglsliniboifbe rangsy of thervatwmatyicle (highest r est
period is ab . I Hgi-@g 1 Jest | @dy ks tire cycle
sequence rray%gltgu%e‘ftfs%%ﬁec%g‘??@m gﬁ%u - g"dt ?l(rgrxelfsng%r C&ge%c?’e]s) %Igtrgr ﬁ'nut e
(CPV . - A prebbndeshdshoeemenyylope for stinulating the nmilk ejection reflex
by generating a rapjidascycli: e ' : | s shown in
POty il Blo® Bkt VARGF b 1F FGERE BT ° 2T The
sanme envel opecmesent@Dbyothe mettiempiicnl egpressioh ¢fi Bqettion s ¥ pol@omikj Iphusingrigres i n
pressure fro iq . lc) to about -45 mmHg (vacuum, the m ninum
curve C, rep;pglg% S t"lggmﬂi)%%]&gUBSTl TUTE SHEET (RULE 26) -Z OCT zoos WO
03/082378 PCT/ CHO3/00214 Ilower |imt of the range of the vacuum cycle
(1 ower anpunt of peak vacuunm). A secon.flab?e%ve D, which ranges in pressure
fromO to about 225 mmHg, the nmaxinumcurve D, represents the high

limt of the{range of tHe vacdigm cyclA¢ (hi st angynt of peakd vacuum). The
m ni mum and pexmomeoneur Vies C, @ di ff ed i18006ocainplaugzoebe] and bewey an envel ope.
Bot h t he mi niMnimaracuele TaXli NUM cOr ves stovisoaooooF| B4928@0may  ba2aonooo
As A Aj Aj A
Maximum curve -160400000 4340000 -6163000 37000 ~1000
Minimum curve ~160400008 4340000 6516300 37000 -1000,
Ad T] V
Maximum curve B 0.8 1.3
Minirum curve B 1 0.25

It can also be seen from the graph of FIG. 26 that the time duration of each of
the minimum and maximum cycles C, D does not vary with the amplitude of the
vacuum. In other words, in a curve cycle where the peak amplitude of the vacuum is

15  greater, the time duration of the entire cycle is the same as that of curve having a
lesser peak amplitude. In the illustrated cycle, the time duration of the cycle remains
at 0.5 seconds whether at the minimum or maximum range of vacuum operation. In
one preferred embodiment, no rest period is provided between cycles. Accordingly,
the frequency of operation of the breastpump remains at about 120 CPM, since there

20 is no pause between cycles in the preferred embodiment. In anofher embodiment, a
test period of 0.0 to 0.5 seconds is provided between vacuum cycles.

The mathematical expressions of the cycles of the present invention are
provided herein as a presently preferred embodiment. ' Those skilled in the art will
recognize that variations from‘thp presently preferred embodiment and the resulting

25  changes in curve envelopes, which provide the milk ejection and milk expression

benefits disclosed herein are considered to fall within the scope of the present

-17-
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represented by the mathemati cal expression of Equation 1, a polynom al, by
using the values given in Table 2 below. to Table t AAAA 4axinmm
curve 1500000 -3492000 3280000 M ni mum curve 150(3(% 1892000 3280000 A A A
A A, Maxinum curve -1604000 434000 -61630 3700 -100 M nimum curve -1604000
434000 - 616%9%8%3%8- 100 Ad 4 maxi numcurve 0.9 1. M ni nBRFEOYYH 0.2 |t
can al so be seen fromthe graph of FIG 26 that the tinme duration of each of
the m ni num and maxi num cycl es C, D does not var vvlth t he arrplltude of the

vacuum | n ot iasntigpy Jae speqifig ipimpm sndnaxisyya ogerp tex e imegntetoof t he
vacuumis 15 g 8af&kionst G¥etht bER rAbde i pRatisd, ahid Ghdid htﬁtebeCMEéneasl 'ngg sane as
that of curve having a  |esser peak anplitude. In the illustrated cycle, the

tinme durati one?@ﬁpftah@thW@PétaﬁeéhﬁFlﬁs at 0.5 seconds whether at the m ni num or
mexi num range of VAKUUMRRRS Alvii#tn hhsﬂheeﬁ%sﬁbé‘d‘ E&éﬁ%ﬁ%ﬁﬂéﬂ%%ﬂmﬂo rest
period is provi ded between cycles. Accordingly frequency of operation
of the br dast pobndimentaindsapalicationsy those wittmkill 1§|fh@@r&wék@cmm§ ﬁtﬂ%ause
between cycl egokifcdides, RitGhedds ShaSaD otk b Riln sl cBRO Wi &P n@fn&ﬁ rest
period of 0.0 to 0.5 $econds i s provide t ween vacuum cycl es

mat hemat i cal ixgntive gp@ngt, ofid such %@/@tw&bﬁo i dnglrded avithin ﬂl@eﬂq@neoﬂf thee

provi ded her egj enbodi nent. Those skilled in the
art will rec%lg%rlﬁl%gs%&\%}gﬁtgﬁagns ?rrﬂg{rijﬁst he presently preferred enbodi nent
and the resulting 25 changes in curve envel opes, which provide the mlk
ejection and m |k expression benefits disclosed herein are considered. to
fall within the scope of the present -17 SUBSTI TUTE SHEET (RULE 26) -2' OCT
2006 WO 03/082378 PCT/ CH03/ 00214 invention. The specific m ni num and

maxi mum operating paraneters are neant to be expressions of the best nobde
of practice, and shoul d not be taken as limting, except as otherw se
stated herein.

-18-
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Thus, while the invention has been described herein with relation to certain
5 enbodi nents and applications, those with skill in this art will recognize
changes, nodifications, alterations and the |ike which still come within
the spirit of the inventive concept, and such are intendeq gp”a i ncl uded
within the scope of the invention as expressed in the follow ng clalms
SUBSTI TUTE SHEET (RULE 26) Z OCT 2006 WHAT IS CLAIMED IS: 1. A nethod for
operating a breastpunp conprising: generating a pressure change cycle
according . o th I expreSS| on: Alo(TC) 1o + A9(Tx)9 + As(Tx)8
+AT(TX) 7 %c\%g% g{%&a . As(Tx)5 +A4(Tx)4 +A3(Tx)3 +A2(TX)2 +Ai (Tx)+Ao
using the values in the following table: At A A A A Mxinmmcurve -51656
178730 - 24738 ethivil fiir opematog R\becastbiBib@®nbA8a80 - 247333 A A A A Al Maxi num

curve 1762850 - 65086, 14720, 54730, 70 MLV GUF xtge,efaz%a%e,éggessg§08 01 14720

-17360 370 A Max% curv ran rom about 0.98
to about 1.5 andVrangesg ‘QQ%T 25, A ®K, s time in
seconds and y(x) isyfxa)@u ﬁl;?rm—g (x% %@a |%ng5I he pET sufe change cycle
after a pause. 2. The net de))f +QL ki azAA{ik Vei Ax(THP +piiEBurde | duri ng the

pause returns to atno he |c gf)f[fel sure. The nethod of Claim2 wherein the
pause i s from about™8! é@éi‘)‘ﬂ‘as in duration. 4. The method of

Cai m 2 wherein the papse 1s3gbout UaZ5 SECORYS Th dugation. 5 Alnet hod for
operating e b‘a%reéulp EU St mdLe dbf:i&%bﬁff'a 7:3 L,Ef.:ifi 3 I ng: '
gener at | n(g.%TJITDDUIT change—gycte aaur €t Ocr &7 et u%\ . ressi on:
:(ﬁ) =V [ ANPRHATECUNE A L HAY 4+ A2 B8N T WA st ng s as
ol | ows:
» As Az Aj Ad Ay
J Maximum curve 17528500 -680860, 147200 -1736 370
Minimum curve 1752850 -680860 147200 -17360 370
A
Maximum curve 0
[Minimum curve 0

wherein I ranges from about 0.98 to about 1.5 and V ranges from about 1.25 to
about 0.15, x is time in seconds and y(x) is vacuum in mmHg, and repeating the pressure

change cycle after a pause.

2. The method of Claim 1 wherein the pressure during the pause returns to atmospheric

pressure.
3. The method of Claim 2 wherein the pause is from about 0.2 to about 2 seconds in duration.
4. The method of Claim 2 wherein the pause is about 0.25 seconds in duration.

5. A method for operating a breastpump to stimulate a milk ejection reflex comprising:

generating a pressure change cycle according to a mathematical expression:

T oolTe)® + dolT)f + As(T) + do(Te) + Ao(Tx)* +]
As(Txf + AdTx)" + As(Tx ) + A{Te)* + ATx)+ Ao |

y(ﬂf) =

using values as follows:
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wherein 7 ranges from about 0.95 to about 1.0 and V' ranges from about 1.3 to
about 0.25, x is time in seconds and yfx/ is vacuum in mmHg,
Repeating the pressure change cycle after a pause, and

eliciting a milk ejection reflex.

6. The method of Claim 5 wherein the pressure during the pause returns to atmospheric

pressure,

7. The method of Claim 6 wherein the pause is from 0.0 to about 0.5 seconds in duration..
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