WO 01/ 47577 PCT/ US00/ 42659 -1 . PROGRAVMMABLE BREASTPUMP FI ELD OF THE

| NVENTI ON This invention relates to breastpunps for drawi ng breastm |k, and
particularly to a notorized, such as electrically driven, breastpurnp. 6
BACKGROUNDV@H/MTFIE | NVENTI ON Br east punps for use by nwesiosgumst hers are wel |
known. They allow the nursing woman to express the breastm |k as necessary
or convenient, and further provide collection of the breastmlk for |ater
use. For sone nothers, breastpunps may be a necessity, such as when the
child has suckling problens or if tHE mother has 10 problens with
excessive or deficient nll roductlon gg soreness, deformation or injury
of the mamm || a. Manual e, primarily because they
are relativel inexpen5|ve and easy to transport. Being manually driven,
however , stro%@ﬂﬂhpgliﬂﬂﬂﬁﬁﬂﬁﬂpﬂn pressure produced can be uneven, and

operating the pumhﬁarﬂexﬂibﬁ 'teraazgwbyeah@lmpaﬁna.iamn@&easﬁm,%ab&@duiaMy driven

br east punps ate, ah§ gm &%% drThe?{ be of a substantially |arge
size of a non-port e™ 61 Ssen - typically including a vacuum

punp whi ch has .ap electrlc Jrot or t hat Iugs |nto standard house current.
Advant ages® of%ﬁﬁﬁf }ﬁB“QPE“P dy controllability and regul ati on of
the 20 vacuum an(Bl'QaFthanlﬂflllS?/bl ourpngmpothad re ek dsdve. dthepnlber thdhat is, the
nur si ng_voman uias, wbRkioNARAS i Giiehflc ROLE:LHP WDLAASILAVER Allle! ds i n pl ace

for punping of h breas at the sanme ti at t drlven breastpunps
have al so beeR™® %8#8ﬁ@ﬁ°}$ﬁ8 &é@gﬁﬁUﬁBsFmHﬁW%"?ﬁﬁé Yes of

control | abi | i tmay berechereagiiyl sadhiapwhen fthetchit hepspekling pretdemapir if tigsnokketing 25 easily
carried. Sychpanbal (il Yrcllivd 81ddRiEd: 3k Hrddh&i axgtowmegss désaedohRed in U S.
4,964,851, for .exanple. This breastpunp, sold under the nane M NI ELECTRI C
by Medel a, | Ny ofithe mammillanei ot and achi eves good vacuum (i.e., negative
pressure) regul atNpyel braguuepesrs eghnjonphice.sprimbudly bexemieg arebédtingen about 100
and about 220 yjxpikive J&@&ﬁ%&&k bﬁ&@%aawﬁpdé@mmm@ML e ghdic- is also

anot her type of _breast as well as

be driven tte
house currentSWF?“R?Sﬁ%ﬁ@r%dwvﬂﬂ%ew&sa&%ﬁwnwvﬁ fﬂa ke 007 899,

15

_ 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 rr;otor that plugs into standard house current.
Advantages of this type of pump are 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 controliability and regutation 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 MINIEL. ECTRIC by
Medela, Inc,, is lightweipht and achieves good vacuum (i.c., 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.



WO 01/ 47577 PCT/ USO0/ 42659 -2 Electrically driven notorized breast punps
have al nost universally been developed with a single type of "cycle" for a
given punp. That is, the driving nechanismfor generating the vacuum
(negative woewsmre) to be applied at the breast in tphexsorieémophi sticated
punps is geared to a particular sequence, or curve, of 5 negative pressure
increase (i.e., increasing suction), and then release. This is often ained
at reproducing in sonme sense the suckl | ng action of an infant, for

i nstance. Breast punpi ng can cover a range of different conditi ons,

however, such as ere not he ni es are sore for s reason,

there is a state \(,)\Q T“@ﬁn‘f“’t%”f@%rb hav§o?’r‘§°5ﬁruﬂlﬁ‘fr¥’u%$le??ul ation may
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| evel may 'nfiﬂﬁ%%pﬁﬁ%g%n%e seiddCGihe hbl@ﬁgaélorﬂa?ﬂijmfaﬂ?fo?ﬁéﬁﬁmso does the
vacuum | evel . The 95 basic "cur owever, and the user

nmust adapt as HESPUHRE P FOVEF ra‘??ﬁRf‘hg r%?‘i“gff‘?“é’ﬁ@w?/‘\ﬁe’f FHh s ste ﬂﬁ’artr cul ar
curve built i nhahet’keipplescin sor, forshimerasby tierdsd 4 yate dfagnib@erengpegeaea) | zed for the

overal | popul al,0fifb sthifkisn mm%ﬁd@irﬁamm Qbdibn oSy & Pri nCi pal

obj ective of the resent I nvention o, provigde a br easé np 20 which can be
progr anmed™® o Y Igulaf iterestribimay by desispd tp fpersye milkpraguetiony an %"B‘f differing mlk
expressi on (ext racsctmnl)rcas@qn;ermcersic figr usgUwithelie abfigly thvasy Bmdmounhef | nvention in

one formis %amun%hgqme@qgmeegs@e@rﬁﬁéﬁuﬁmnglaamm\@ ﬂen@raort' on within
whi ch a wonan breast 1s._recej ved f ex%*gssr on of m | k. A source of

vacuumis in ‘é’B‘Fﬁﬁj’ﬁF’B’&ﬁ ot SOIe stones "brhéagcreﬁa andryep pvel MY e chani sm f or
oper ati ng the isfheneeadbotigf, sudctha s grebndreasy sooloes the vastunslegliefilee, and a

controller 'IFLorbaQQtGEL@\{e1’ Rbhalnb $ix &0 HovRerOdnd M@&H‘%ﬁﬁs@ﬁcﬁ&%a@ IbEY) s.lIeQ:ar?ltoS eg ond
sequence. e cqontroller ¢ res ram.f or on sequence
which is a m’f‘%“’lgé’ W?‘Sﬂd@“ﬁﬁ@"%&"”&i vﬂ’bﬁlﬂfp’p e breast punp
has a plurali tl;asba’engaxlar&ﬁzeibmwpre@@p@n@ﬁm@fusmhe control | er wherein each
program has a different sequence. 30 In one enbodi nent of the invention, a

notori zed punpSYMMARY OFMHEBRSENTON, battery and/or house current) is
provided with a m groRLACESE MRS e R Hvkiton to provide 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 vactum 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.

"I'he 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 memor'y “chips,” containing different suction curves adapted for varying
conditions and objectives are included for programming the controller in this



Cards, with nenory "chips,"” containing different suction curves adapted for
varying conditions and objectives are included for programm ng the
controller in this WO 01/47577 PCT/ US00/ 42659 -3 enbodi nent. A user selects
a desired BOMFERM and that card is then read by a nBEHESINV6Ipr ovi di ng
input to the controller. It should be noted that while suction curves are
generally addressed in the first instance herein, the ml|k expression
sequences may al so include a positive', pressure aspect. The progranm ng
could also 5 be provided via other nedia, including discs, CDs, i nfrared

data transfer, .ol f&l4h ONH hgc@c%g (&S&ﬂﬁn%}mr Bﬁcﬁft&e&r van%gcréah and so

forth. A significant, an eretofore bg (!,zfllzed by the
present i nvenPfesmeproviding ianyyip tigcontrqlicr. ¢ 15 stiopldjbe wotedh batiyyhile sicfivtnp suct i on
action to a vacurved Yire Ofenerdliy SdddrededC antilé tirsd iGmn@Nikrdie, G A8k Eﬂi’eﬁsl@.bl lity to the

end- user. a&&lﬁﬁ@?‘l‘ﬂg ﬂsqvl%nltdgggmhﬁe é@ss&rp %éct et I;']qe Ghe ng ?d Qs

breastpurrp| ng continues to nmak ces ew_an roved  suction curves

and sequencles Ve H’ﬁ&@cra‘!}?ﬁii‘ab &HP@“&)ﬂscf’lﬁqsh’éﬁ'ﬂﬁ‘h‘?ﬂﬂ'stm@fs rctraje

progr am i nput t fetiige. R ksterneY dnna i), aeY so &rhendant advantage is that the

pr ogr ammabl e punp se and operation.
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That data coul d be store nst anc
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research, r or_nmonitoring  usage, just
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i nfant's suckl A" Fatesey. Se‘l"ZEPeSI'H@t b%P&?Jr%t'ﬁ’iaé’GLﬂﬂcF“F#fen“#e OUS'éei' to operate
t he punp, and jrbpeam-Mputiingeheder tinme as the infant grows. In yet another
aspect of the invegt,i R, br rovi ded . which has a
pre-progranmmed m IEét ag&heé%\?\fqndégg a&’%ﬁg% lsﬁﬁhﬁ%en[@%amm& aﬂ%ﬁ%lealis nost
advant ageous| yPEHEEIHINE fhitsaist WF‘(S’B@WO‘& Biist datrronld be pered, fog dosticovi ded an t he
25 breast ptarp aaé @hintreriaed uatbg doRloFRE HRBER . anl Mitefibt tdnmedita] Remetdspect of the

invention, a breashRi gpr?%} E&gﬁ&ﬁ@ gﬁﬁ g&‘%ﬁamgupdrbe%\ﬁhﬂﬁn%mr eduction gear

systemvmth at | east secon 1s conveyl n I'vVe power to a
movabl e menber™Eilh Pr &RisErEshH PEnpCHERSY datacihy ’@@lmr“éﬁgﬁ jest foy spmeum i s
gener at ed. Theinsxpansi bl e chanber device is, in one enbodi nent, a pair of

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

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

In yet another aspect of the invention, an improved bre&stpump 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 provided 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

© %0 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 beit.



30 di aphragm punps. Each di aphragm punp has a nmenbrane which is novabl e
relative to a shell, each said nenbrane being connected to a respective
drive shaft, each shaft being nmounted to a respective belt for |inear
novenent vwohiidre® respective belt WO 01/47577 -4 PCT/ 30002889 The present
invention in another significant aspect has as an objective to provide a
breastpunp with one or nore novel suction sequences which are consi dered
to produce advant ageous particularized results. Such sequences include, but
are not limted to a suction nethodA(e g., programor curve) for a sore
ni ppl e condi tion; suction nethod for .Lncreased m |k production; an

i mproved suction HEFHHﬁm$H”“5@ﬁ€P§P of, HEPIECantRRE S G 2 PWEFE% ©t i nul ation. A
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t he present [ thin a range
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0 d}Pn B

| ower peak vacuum wethod for pReEEing & breastgumpnd BASPTREa breast punp
which is con3|tﬁle;rreelnttweﬂyibredodapﬁsas vanGigatbesaenourdt Bf vapuumi withinauringeitf faexcor di ng to

the present ::%&1?56 BREERAD ebsg?émﬂﬁ% aﬁowmhpmgnzmsraea&tmuﬁ@mk cycli cal

rate on the order o les/mn., w ative pressure in
the range Wf a'w!fenewlw@rygﬁdm °TB’5 SHfop, cyoldfram ﬁ‘@t‘%%?d“')ﬁ%‘ﬁ?"inﬁe?t & ef erabl y
i ncl udes a pausevaafuinen aBaC 1O peles/abh. af the/gretrstvaappl suclathaolor a Bweth as appl yi ng

the vacuum for aamta phe&ﬁ.&e%%ﬁ%ftﬁse%mymw dmeg hintBRRY, RistpRraiecONd pause.

20 A nethod fof at1ng a breastpunp accor }%'to yet another aspect of
the inventi oﬂs%ﬁ%ﬁf%@‘WémemY‘?@‘Wﬁ& i a range of about 100

(the least .vacuuAjmethod fobopetatidibreastpign( Wiich igrecasidesdto yield aningreasanhi | e
si mul t aneops! y;. vy awaﬁu%%@ %L@H%ﬁ&%{ay&&eop&mm%{o afk/ cycles/min.

at the greatest vacu mito a yacuum such

Oé% 3{5 esész‘)n a&}] t he | eas
that for a | oviepid gushalsaiegp e P 120 olsymiB s Witha PERVEPRWUE b nunber of
cycles, with aheptdeef ttobi 0w sbgutd S¢omile. Whis oéthddfurthergrdfyrabipindleissa t o a peak

negative pressyre aﬁm&ﬂpmgmc&é&paﬂ&@mammsa@mmewuaa% akdw€SS negati ve)
along an initial slope but trllt«ﬁg1 sl ows thde pressure increase briefly, before
cont i nui ng ten seconds of vacuum, w. en a two second patise

20 A method for operating a breastpump according to yet another aspect of the
invention comprises varying the vacuum within a range of about 100 (the least
.vacuurn) 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 oyoles, with 2 cyole following a curve which initially builds
to a peak negative pressure, then 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.

A still further aspect of the present invention is a unique breastpump assembly

30  having features including: a compact housing design and breastshield carrying casing;
and a double-diaphragm pumping mechanism.

A prophylactic device for protecting the diaphragm from fluid (air/milk) is
additionally provided. In one embodiment of this aspect of the invention, a



on essentially said initial slope for the negative pressure release. A
still further aspect of the present invention is a unique breastpunp
assenbly 30 having features including: a conpact housing design and

br east shi elvdopas®yi ng casing; and a doubl e- di aphr agredauiaiag, mechani sm A
prophyl actic device for protecting the diaphragmfromfluid (air/mlk) is
additionally provided. In one enbodi nent of this aspect of the invention, a
WO 01/ 47577 PCT/ US00/ 42659 -5 di aphragm punp for a breastpunp conprises a.
shel |l having a generally hem sphericaft* interior shape with a flexible
menbr ane novable within the hem spherjcal shape to expand and contract a
vol une cr eat ediepiiesn RUFR Y @rbregsimn semmsists Rokad beties aasermily hunisphevigelt he shel |. A
mechani sm conngaioe ehapeowithhe flexihdmatbeane sidedbleasithin fidtheln@pherica¥Rpe ohe 5 nenbr ane
to expand and Qs LdGhudallS VoRb Ratod sni0lkinted SRHOMIEHREh dllmbig,8Ne! | 1 I ough

whi ch air noves 1 n response to expansion and contraction of "i1ie vol u

such that vacttt sist AercEiERyg AIBsEEd & homembsine.suthapn ¢ BYIES MY dh connect| on
to the port. Ancmbrmeakipindumd inesbt fhé extinkl & @eniefrovided indBhadhioghvween t he
shel | and the hEEREP%?% .%("Qésﬁohlseé%{p@#s %aké‘&n%% evoiu%ré‘sfu{;h . The cover

is renovable for at cl eani ng osa o that end,
the flexible W&ﬂﬁé’eﬁ%mﬂmﬁdrteﬁh%?@ﬂf‘ﬂI&ZIuE}FQOHﬁ%FPWOGh the cover is
recei ved over the Alrmavaﬂmems-bﬂdlﬂeﬁaﬁ cBver id la&a%rb%iweé?pﬁéllsm #lefiened therein

sized to enco%ﬁ%n ﬂ@c}*l rﬁtgg#;' mémkb?ang%' ere% wvermrcmogaq%l(r m I n a

substantial ly air e cover t orns a gaske fet ween t he
rimand shH@l | leag @Hé’fw@?ﬂ%medlm%abnapﬁgﬁttem dh@ﬂemﬁlremm;medne aj s

adgl tionally ﬁ&nﬁr&ﬂkldﬁﬂupoﬁbvhﬂﬂ%@@ov@%h%dﬁ%?@%ﬁﬁerﬁH rrneeden@@unt he menbrane
and cover. Yet, ant ect of .the sent invention is
consi der ed tol%gﬁﬁ%m%%§§d§¥4éwm“3¥%@%%l smfnmgﬁ% W%"?%? knob,
which is used OP@eMPﬂéﬁe@@g’Iawghaﬁﬂ G'!Sftcot'qfiéiwbbcfi?iﬂﬁﬁgﬁé#é#me@thml | as rate
Wi thin at sequinag. shth hmn&uaﬁpﬂfbtex&ﬁdlﬁ§1ﬁrougmmelﬁ{ehlﬁﬂne i hddiod&llyl on " force”

d " hi 20 As th i
o P oot kb AL 0 o Dl B SECEL 3 2051 P the suction

force (vacuu I's Irncre cyc s decreased
as the vacuum is O&¢Pesersgnifieu Wl%tﬁeﬂﬁsﬁ‘&%@mﬂﬂﬁm‘d odelger features
and advant agesnatially berdidaBatil, shdhves Atroery knbY, WhiE is dsktd fohﬁ:ﬁulﬁh&ﬁﬁl@lﬁrs't ood and
appr eci at ed whgn, GONSI, &io?irlgéél ”w{]leJas%JcQ;v”LhEuo &a@tﬁcgfem TnOKfs Uhece deual | ed

description of ‘enbod; nent s nvention eninc njunctlon with the
25 draw ngs, imvestion s Suctmn “force and “speed” are tied together in an inverse relationship.

20  As the suction force (vacuum) is increased, for example, the rate (cycle) is 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 aspecis of the present invention;
FIG. 2 is o side elevational view of the breastpump 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;



BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a front perspective view of a
breast punp assenbly made in accordance with aspects of the present
invention; PIG 2 is a aide elevational view of the breastpunp of FIG 1;
30 FIG 3 yweeiuE@ar perspective view of the breastpurgerfsedakées 1, FIG 4 is
a perspective view of the breastpunp of FIG 1 |ooking at the bottom WO
01/ 47577 PCT/ US00/ 42659 -6 FIG 5 is a top view of the breastpunp of FIG |
with a cover renoved revealing diaphragmpunps; FIG 6 is an enlarged side
view of the breastpunp of FIG | adjaeent the bottom highlighting the
programcard insert slot; 5 FIG 7 is a bottom perspective view of the

br east punp of FI GFI. Slimwitapgnevbaat the byeasguma rof EFTe it it GoveBreinéved Sonewhat
expl oded assenhlpiny g . maj or conponents of the breastpunp of FIGS.

| through 5, with d|f| e t p..cover for t he di aphragm pu assenbly; 10
FIG 9 is a di agra‘ﬁﬁg% Bfgﬁgé‘ﬂ? Yiev o thg roreasiruoap if S{Grck sdipgen rTE’evari ous

conponents wi tbhttcud’leghb@uhgthﬁnregrmnﬁalrﬁnseﬁ@ots a schematic-type representation
of a data gtorage 1B8% §&f fduEH R GRISor P re B 6r 96 £GLEH,I N accordance
with the pr esg’ |nventS| on; %(Bp 11 thr%ugh 14 arl}e) vari ous %ﬁt hods

(curves) for ‘i“he 15 breastpunp to differing ends; FIG 15 is a
front perspective RIGfaAts miommmodmdblHEMOfﬁleﬁajblfc&:ﬁﬁhﬂﬂmﬁmeassenbl y nmade
in accordance S b 5 i rear perspective
view of the FI°& aﬂﬁgﬁgﬁgﬁg IB;OUW“’&QX% lhéﬁ% ge%%#gtdia %Tn ma asserrbly
view of the n&6fBonponents of 20 yet anot her br east punp made in
accordancetowi t h tMGpBesemtdxagﬁmaﬂid Bdpiesehthtion  dfSthe Sinwwaction | clr@Rehsf r ont
perspective vi g; Ihe dbaLpdy i ve of the breastpunp of FIG 17; FIG 19
is a view sim I\%O nts ﬁ FéI#G 18 but froma top perspective; FIG 20

is an enl arged assFéﬁ'bW‘S\ﬁ E"'RF”Eﬂ“"“fyﬁ"e rereseBtation ot piatRpsteress At Fedripyal

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  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;
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 pﬁmp of FIG.
20;
FIG. 21(b) is an elevational view of the assembled diaphragm pump of FIG.
20; .
FIG. 21(c) is a top view of the assembled diaphragm pump of FIG. 20;
a0 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;



25 FIG 21(a) is a cross-sectional view of the assenbl ed di aphragm punp of
FIG 20; FIG 21(b) is an elevational view of the assenbl ed di aphragm punp
of FIG 20; FIG 21(c) is atop view of the assenbl ed di aphragm punp of FIG
20; 30 FI Gvoaf47s8 a sectional view of the assenbl ed brerasvpussp of FIG 17
taken through the mddle of the breastpunp along its long lateral axis
(side to side) looking rearwardly; WO 01147577 PCT/ US00/ 42659 -7 FIG 23
is a sectional viewsimlar to that of FIG 22 taken along a pl ane
forwardly of that of FIG 22; and FIG" 24 is a sectional viewsimlar to
that of FIG 22 taken along a plane behind the electric notor |ooking back
to front. 5 DETAI LE® BESeRePnabNiepriphBorholTS. @2 theEalpidENHeON  The
Breast punp Asdawhily oRaitef FIGnZz; td FI GS. | through 7 initially, a breastpunp

ey g me DBSSAL i d YRR R debef Mk 3 FlCIZS (B GRS prgt'ca"y

pl easi ng and conpact des Bfents of the
assenmbly is a%ﬁ%%‘%@cmﬂéoﬁﬁngémt‘gﬁ@thl gh i npact 10 plastic. As shown,

it has a generally ellipsoidal cross-section along its vertical axis,

yi el di ng a 5pl RETAGERAERORIETION OF EMEBODIMENTRO0E IHENYVENTEONOr . The casi ng
10 is closed ﬁteBygag wBPSise}d DY an upper housing part 11, to which is

affi xed a carryi n n .t t enbodl carr |ng handl e 12
has a pair of cra g %5%%@”‘#%?%% %‘éﬁs?'gﬂpeﬁif? GHEHhEBfFS" "These cradl es
15 arc adapt edmwmrle'ccepmamnsvﬂpmﬂym«eﬂa‘@ﬁn@ipactp@rgm BiholdsGizof respective
breast shi el ds f&&mﬁ[&'@&&n na&ssmﬁla@skﬂayikzcésﬁgqma&m&a fh ﬁli:ﬁﬂato thensel ves

as breastp rrp re o and descrj be Pat ent No.
4,964, 851 "li”‘é? g7 ‘5“‘ f&?yzfﬁg?rﬁlﬁm@“’“ e Peily P¥ lterB“é?Idi‘lﬁg t he
br east shi el ds mﬂlmplwn@bmmﬂnemnmlodu@nm essiog exterior.t @he toise 1pist ent s, but

will be 20 omclots@oht heaiiend ibh GE ubfREnduSEPbit 1M S0 WARth W Bfixeli B cBRRL 11 this
application ar pq% contingent upon the breast shi el d bei ng 'used, so | ong

as it is swta o the task of mlls expression. In general, however
t he breastshi el ds I thitastembiiiment carmvivg hanidlo 42 bas fapaineficradles 15 formed in

15 opposite ends thercof. These cradles 15 are adapted to receive and support the funncl
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 aforen;entioned funnel
portion 16 which communicates with conduit structure connecting to a contajner

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 poriion, and to which a

30 tube from the vacuum pump is releasably connected to convéy 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 breasishield 17 is placed on the breast for drawing vacuum



portion 16 which comunicates with conduit structure connecting to a
container 25 (bottle) 18. This particular breastshield 17 is adapted for
both manual as well as notorized punping. It has a collar 20 to which a

manual | y- d¢é ¥@Rsspi Ston punp (not shown) is screwt hrpeadeddas attachment
and use in one node of operation. Wen an electrically operated vacuum

punp is to be enployed, there is a port provided inside of the collar 20
which is in comunication with the funnel portion, and to which a 30 tube
fromthe vacuum punp is rel easably cosnected to convey vacuumto the
breastshield. Again, such detail is well known, and can be gl eaned fromthe
foregoi ng paivithis she shiaidngnd dlickedy dipwink indlk Sivough @ publihg) fodpepplied anthé N ei t her

node, the W dgRed nGRNn G madphtiiQbudtd h e vhieast shield 17 is placed on
t he breast form'%r aV\ln ng_vacuum WO 031/ 47577 PCT/ USQ0/ 42659 -8 within the

shield, and ther cBOHSAhE Mome PRIGH oo Fr RE-FUPRdO @t ed to the
breast. M| k ounghers bEingweed heeeitbio aefatto simila bt nedifiediparts). ththislyetibd he 18. FI GS. 15

and 16 shoy apRdhfibeth F24R b e hallfe £F SAShRUMRe Liricd(Ps hai®r NUNbDers
being used herein to refer to simlar but nodified parts). In this version

the 5 breast ehpeeid othe batkef hgnitr adl ed by the handl e 12', but instead are
carried in a hol deiThe BvaMotet ed to t he back of the unit. -The Drive Mtor
Referring to FIG LALET &bkl Vs i i i . mount ed
therein. There arléfeh%%%c%&gé?%i’g%&#@&ﬁ@&%&%ﬁ?%&? ﬁ?r;%)l/tﬂge used for
di aphr agm punplere arg of Geuseqay mpales of jdrives that miap] be uged dorarkapaopiitiPént . | ndeed,
the type ab pouhaf#losapied Qe inflins embdimettC Indeddsthéngpe df@oes @hplirigyn, Si gni fi cant
to certain asggmﬁﬁ’%g?fis A Ged s%@?ﬁ%\' tcEﬁf‘Eme'rtB Qaspec];k@ﬂgrﬂré@npgwém&bam smfor the

br east punp sh ) the e rent 1n point, however, Is a |linear drive
for the di aphrigyAfyrenpehaimsios theRyeagpump shavp &ri thinemfiodinent 1 Pifhgemrent and a
12 V DC- not or h@&averlb al linednidiite foethe @lghthgtnhminpd basifthgof Sregurbi@ddrivent | s

substanti al | y the. sank: 26 ¢ pal g FIGS. | through 7, except for a nodified
cover for the up%er peD \tﬂ“?l c% here. includes the rigid shells 24 for

t he di aphrtagns 34 il S‘I’ﬁl ng‘i‘t the EIG, § grmbodigagnt isrgybstantiglly g samsi#s Batfhs 30 will be
further descr FiE&Ed 1 Heouweh 7 mpt"ﬁr@moﬂﬁeé haovesstoy tie upmoh@e’ng, whicB hem of a
2 E2S10UTD o sBSCRgR Yt b L el ost e 23, 0]
di aphr agm pun'gm%lﬁgmﬂ‘}@psﬁpé'ﬁ%'f“sff@’ﬁ S°H3‘fdg‘§’F“ﬁ8’f‘ the FIGS. 15
FIG. 17 shows yet another version of a breastpump of the present invention
20  substantially the same ag 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 alse 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
uﬁderstoc;d. '
25 Turning now to FIGS, 18, 19 and 22 through 24 in particular, the reduction
gearing contains belis 27a, 27b and 27¢. 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 fo freely rotate, and
30  engages the outside of belt 27a, producing more surface engagement 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




and 16 enbodi nent has al so been slightly nodified. It is wth respect to
this FIG 17 enbodinent that the majority of the interior detail of the
breast punp will be further understood. 25 Turning nowto FIGS. 18, 19 and
22 t hroughv@e@4rsi7parti cul ar, the reduction gearing ®OPUSIABSDelts 27a, 27b
and 27c. Power is transferred fromthe shaft 29 of notor 28 to belt 27a.
Belt 27a is received in a channel of wheel 51, which is nounted to the
drive chassis 62 on rotatable shaft 5;. Shaft 52 is fixed to rotate with
wheel 51. A freewheel 53 is rmunt ed on a shaft 54 fixed to the chassis 62

to freely rot nd 0 S rodu0|ng nor e
sur f ace engagg%ﬁ%ﬁj %ﬁ%ﬂf’ﬂ@ ?‘h \/\ﬁ?ef%eaé?g’séﬁélftf’d ﬁ‘és a smal |

t oot hed gear gtl?ﬁﬁ?ntl?éﬂzi’%é'h’é’é)ﬁﬂsB@P‘E’edZ%aﬁesgqabﬂtﬂﬁe‘@llasteﬂﬁ!}dsmages t he gear
55. Toot hed bab.tGedrsd it HehlyRiciRER0 ARGAOMSH R, [FikPRleach eRiRrgeat WO 01/ 47577

PCT/ US00/ 42659 tQ.r a 24). Part of
gear 56 is sna'f‘T"%?éhef’ﬁeaés gé’aﬁb 9°° e?g%“?,%’ I’% rfsfecgvfé’enﬁﬁe °ﬁmqg *al so t oot hed,
engages geér 3@%§ﬁm¢w%tqoﬁeitﬁe@7@e&b 59. Gear 59 is fixedly nounted to
rotating shaft 70 pidphe eﬁ@ﬁﬁﬂ/pﬁl[)%h&fs Bhafab afDreqfeivel MBhpedti9Ot hed gears

7la, 71b. Too s 72a, |veI ears 7la, 5 7lb and

freely rotati %ggc%%ﬁ%éaﬁ EEY F%d 7 53 5 53“ rtggﬂﬁ%g?fs et "SR/ pul 1) shafts
74a, 74b are deghramtmenblape wémbrpFdFiCo22, buﬂlaisgse?ms omdat@prigeread. The ot her

end engages t Bfew Blxfbhsit with th@-slfaﬁssﬂﬁqtm W& used] BN RSB RIC R ENDEr 34

(FIG 22 nd_,al so, see Fl n re, rew engagenment with
{he shaf t $07437 massd fra ’&gs ad%ﬁqﬁe%gflféﬁ‘é%ﬁ?ﬁ? oy LR 10 37
nounted in a ﬁ@mﬁwpmdnww#wllaberh Brith picthdopualmest@ds {1agab mevetihe di aphragm
punps 30 are@mmghyﬁsﬂv@beﬂﬁﬁmbbel ow). Both of the pusher shafts

74a, 74b nove in tan as _driyven espec e hel 2a, .7

Accordingly, as nﬁ%?glﬁqq;f e ?@‘)‘/%E{ﬁ"ﬁg‘?’e}%%%/tm%féﬁ%égé’?é@e haft 52 via
wheel 51. BePi- Wﬂ’§mwﬂttbﬁf‘?’?)/ﬁh‘@neﬁyf@ﬂﬂemwré?,f:aﬂélflglsmnIOéFha@ear 55,

causi ng ragat ls@mhaﬁm&mﬁiameslégézwmmmau& 8/ 9 tdfeRSuh 869 gear 56 and

its smaller part er e af vi.a belt 27c which coupl es
gear part 58 \Vdatﬁaﬁmwﬁ)w sge@é’m#é}wm?‘r ﬁsﬁ‘rers %m“sr%‘uttﬁorﬂ 5% a gears 7la,
71b to belts Yagears/ip 71bt¢d>&kﬁt'12md2‘almnawea%llmmtp@em%erph@her shafts
74a, 74b. A f enavesd @%&@%M%M&dsﬂea@n&&mﬁ%@&ma okfeough reversal

ot ot 0r alF e’ Hbih! b IR I SBEPad Bl o 3 o0 25

20 appropnate selection of the various gears/wheels noted above.

The location of the shafts 74a, 74b along the path of fravel, as well as the
length of the sfroke, is measured by position sensing mechanism 78, which can be of
any standard and well known variety. This sensing mechanism 78 uses a toothed
wheel 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.



20 appropriate selection of the various gears/wheels noted above. The

| ocation of the shafts 74a, 74b along the path of travel, as well as the

| ength of the stroke, is nmeasured by position sensing mechani sm 78, which
can, be ofwoamssstandard and well known variety. Thi Scaf8@ib@s MeChani sm 78
uses a toothed wheel 78a nounted to the shaft 29 of notor 28, which is
regi stered by counter 78b. 25 Signals generated by the counter 78b are
processed by the cpu of the breastpunp. A negative pressure, or vacuum is
generated in a pair of diaphragm punp¥-30. Each di aphragm punp has a

fl exi bl e menbrane 34 nmounted in the up housing 11 assenbled with a
respective rigid SI9upis E‘@D"‘Eeéﬁ’éhe%‘é@uﬂhl%&W“%ﬁmmwﬁwpﬁﬁém 21(c)

descri bed f ur kkerncieaicalBattery b swmrxbﬁaﬂeDfamllshlﬂelad-ﬁ:icewenwecmt@ﬁﬁlantl ally
O oo o BARART S her MR o 5 TR Filnd R bl Ak O L e She !

24, a vacuumis generate ween Wedrior and the
menbr ane, whi & SRS Bé‘wegé‘b%%%ﬂmt"ﬁﬁéwﬁf ‘@H%i‘}géﬁ“%rﬂ(}ﬁs“ﬂ‘b?m on the

shel |, to whi @b famedwizhiBle idvef RAGRE 1 BlrouiOniGANHRIBieatE 90 kb@s@EUUM t 0 a
respective br %{eﬁe?{agfl: Ci‘ormed m %%é??ﬁ hpcr/clgsegqofb%z6tl?39wells];'0FlPO¥\er I's
provi ded either ordinary Rouse "current v power cord 38, or

el ect rocheni camlt?d-h‘t‘i pf Bowrag meyst 4 fopclyiy.r of 6V, 12Ah | ead- acid type

rechargea{): e Ibat E—ﬂfh’e@ﬁglegﬂitf&rln&%eg(ﬁ&rblﬁn aewr@ﬁﬂm&t ? wr ap- aL oulnd mount
conveniently |oca a om o e | ower
housi ng part 13. Fﬁﬂﬂfwﬁ%mhmogﬁfgm%seﬁ% %’rkﬁ%ra‘“%gf’ﬁ ﬁcaf‘H% éve housing 13
t hr ough WP ch cthie rifary toe puskrbutiqq topthes eida Slbis tneagtheless ratary erglgpthebotiamsn f or med wi t hi n

tEe casi ng 10mmmge;ﬁm&ﬁt&lséaméxeE:oriubﬁhemlohr&nfﬁhh@nmeg leSAE he delt ?ll of
the wrap noun r tch | nvers ntrolli1ng
Vacuum and Ra{thgiﬂ?\b%ﬁsﬁfa@am alls%?neﬁi‘( v@g‘ﬂfénc(eﬁsﬁﬁ" Seaeps ?@%/] ?g provi ded on
t he casing, whhetn (segiop forrelfe be anpliadydegending shwiehtway thetkoobtiffmmededd. |t i s

nonet hel ess r eigdnbodiineht, bkl 88 sittiér foRe isAncrehddl, SheQMORY B ecrsakddCEhAtt al SO acts

to control vacuum a 45 is rotated,
a signal i$ gzhgrq#e%"deém%%"ﬁgrsgarscg%do&% ésccrogsés?ng"fﬂ“fg?gﬁ %f vacuum
(suction for cé&ffect othplno issmshediin fgepadd@fing on which way the knob is turned.

In this enbodi ”'em']?hei'ﬁndlbﬁlnﬂldﬁﬁi on force is increased, the cycle (rate) is

decreased. That 15 dd% xsd;l@%ﬁm e#é&{r%?ﬁ ‘E%ﬁl\; igljydls%lg%&tred. This is

considered to have a ene n for on and
of f. -The Fun&ikdet-dpvwnputien 4. and a program card slot 50 (the let-down sequence and

20  programmable aspects will also be discussed in more detail below). Milk-lat down

button 49 is used to activate a pre-programmed suction sequence (embodied in
components to be hercinafter 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 indjcations of various functions of the pump.
This could include, for example, the type of sequence then programmed, the lével 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.



Additionally visible fromthe exterior of the casing 10 is a LCD displ ay
48, a mlk let-down button 49, and a programcard slot 50 (the | et-down
sequence and 20 programmable aspects will also be discussed in nore detail
below). M down button 49 is used to activate r ammed
suction sedcl,]lﬁeln‘glzhé7 (embodied in conponents to be her elapr?ggutgeggggscrl bed)
particularly adapted for let-down and stinmulate the mlk ejection reflex.
The sl ot 50 provides the interface access for programmi ng cards used with
t he breastpunp of this invention. 25 -hile display 48 provides visual

i ndi cations of various functions of the punp. This could include, for
exanpl e, the type ohap b€ b@EICHatt the shelly Bg4ra RKeN, fointee il @ @bvepbf theucti on force,
the battery c de S t Is Covers In
thi's embod monrropdler A0S B AL e e B e 01 the 30
top of the ca§?"i‘1’(jabi"oma‘ﬂ°fc!5‘v'§? ugger (hausing, o throyphy agwap fity g inferfergice npd nunber s
bei ng subst arbgagrnleyt, Sictnas|showntio thi le@badinent qF FIGE2 20 adanethpapht2s() | s provi ded

whi ch 1118 50VSY sfdiPensiPhedld hibBPOCLBRLN, L Yalothe e lSuipREr US| NG

part 11. The outlets exten Ieved areas 1n e cover 35, for
exampl e, for &xeipmigpaadfr plppning the SWB’@TPS&*Y?W“‘F‘WUSO‘WE%E@S 1 1t may be
noted that theoséetdds. 24 are shown fornmed in the cover of the enbodl ment

of MG 8. The Fl G ehtd Wgabm@htf@ﬁm%%&%s'omfﬁww r emovabl e

manner in the upper houSin rence
engagenent , S%Wa%fwg’rﬂ“{aﬁéﬂ@ﬁ%ﬂﬁﬁ’é‘ﬁw %‘f‘ F}PESS‘WSZW@&H&O?E(a) t hr ough
Zﬁ(c) 5 t alalregﬁt)ebaaja@&ﬂ@ﬁ@@ﬂﬁa:ﬁtﬁfepcha&msdsmgmmngl"eleptmmgs;ﬁ&mdm(ev\nﬁraﬂes of
t he punping i r ich are
orovi ded wit hf%oﬁf'cﬁﬂ em?&%r%% 1a§t'1c f%r@ﬂlélﬁgrhﬁﬂ aéﬁnéﬁ%ﬁn@lengﬁge

di aphr agm rren‘ﬁé‘?hmd?“tﬁﬁ‘hﬁ%ﬂ@%fd ﬂ‘Wﬁ fornefifipreon avhich engagswith iy inside ¢ abI y durabl e
flexible and digrealk @espdafible Grell BDME Uppoiltousiy ki 18 withih vhRE the ballaady &1 ght ), such

as silicone Wr&c@w&é&%ﬁttﬁ&ﬂ%ﬁﬂ&ﬁ%%&et he range of 30 to 70, is nol ded

around its perineter Ic collar 85. Collar 85 has a
plurality Wf deperﬁa?nh&amawv%éﬂ%a%%% BNGI38 Arecrdfitienalyerd f or med
thereon, whi chdengagelyprovided, vehidhnBinclt ovei fhe Glplidgms Béapieidlitw temel | in the

upper _housi 19 Bl dn B MO O s 85 iy oS BlAR 1 Sna- T

t he nenbrane actic (protective) di sposable/cleanable
covers 36 are %eﬂaqtpm]qs?e glﬁrabranes ut thinner, are likewise ﬂuld-lmpervmus
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 boftom 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 ﬁk 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



advant ageously provided, which formfit over the diaphragns 34 and isolate
them fromair and other fluid fromthe breastshields. The covers 36, which
can be made of the sanme material as the nenbranes but thinner, are

| i kewi se fWR%U*BSHpervi ous. Referring to FIGS. 20 and PAY¥Ye426¥ough 21(c) in
particul ar, each of the covers 20 36 has an upturned cuff 87 which forns
an annul ar well around the perineter of the cover 36. A pair of
circunferential beads 88 and 89, which,are slightly offset wvertically from
each other, are for med al ong the bottomarea of the annular well.

Upper nost  headn88uf naﬁae% . &h@r\,aﬁpwm% ah} D RANE th&&em.inn}%d al ong the

bottom outside of c'?hel | 24! substantially airti ﬁlﬁt en agerrent

bet ween the protE? \?‘é’haﬁgt@o%rm%%ﬁﬁ“’ﬂ‘ﬂ@a@ﬁ’élt? be tapard fie ghefi gt channel 93
is formed wi t hith théyroteativeesoven 36 thetdfienthaffolidungaieunsiverddnt diyvhe dapthead 91 and
shoul der 92, Vi ChLEACHIN b 55 LA fAkdRhd Y around the cover. This
interior channel 93 is received on a slrghtly protruding edge or rimon the
collar 85 of THe®@repeadmastdeAspdets AN airtight fit is thus provided between the
protective cover 3@, @3&1&antta§b%ctr6ﬁfﬁbrp?e9e§%§ﬁenn¥i@%% ! quﬁg%\%ﬁht o rel easably

fix the shell 24 mpg over rane conplfete the diaphragm
punp 30. Not e HfaZp} ‘ﬁ‘fh@W&%?ﬁ?ﬁ‘%éﬁq@%‘cﬁs@fﬂfc&%ﬁd@da’leﬁO‘%‘iﬁ@eSrrenbrane 34,
whi ch  communirefafreisto hertih. Witk rfaast bl BGsaaandded havpadppnpudptsseen t he
menbrane 34 aﬂﬂcr\é\z?o&yo%@e% E&&Hﬁ% ﬁi@&@gﬂ&@%&f dsa/r % dioY&a 36. This

val ve pernits any entrappe alr , such as if
the first E“trcﬂ&‘gﬂﬁ‘h%t%vt B Hapfrehehin @%@Wﬂorﬂn@em@@m@ﬂl with the
protective covuessas stcheltdal dnEEPROEN Forckimid, Bgh tdie carmcenamnd spedfitid he di aphragm
34 to which ity\dkl geggkeaqo%{V;ghp&#l&_dg@,ggegﬁen&ngagerrent 5 The Programmabl e

Aspects One signifti cant aspec ent invention is the ability to
program t he breasf*blﬂf'BRWth’G?"P‘F@F’e?ft ¢ {Pe MBIPS6L upayibgsedefor effces, or

cycl es as t heyexanpe, 3ot Atrek 2-wire [EEPREOM Mch&rmrmonﬁﬁllérmmmet&ce to FIG 9,
for instange, LBReOr PRSd BRUWR: Ybdul 1EESE ] ystem

|nd| cat ed at 60 V\?l.l ch |sBpr Or\:ll ed user q?cn ?gggﬁ:ﬁﬁ&ﬁg%@%&él ity of

"chi p* cards 6t CBUrh chi p card contains one or nor e predeterm ned
prograns recorded T moprdntsfiem/lexamples ebettiqhl ag:, desraibdd hedafdr) a@ udcokd@bnt ai N a

specific typqanma%%ﬁﬁml qggwxmm,aomcdlso &@h@&%;?o%s“%ﬁ- An EEPROM

m crocontroller of t used or ahe
programmeg chip Xzﬁ? is 1115&:1'&3&3 into the s}:)t 50'in the back of the casing 10, where it

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

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 from the battery source 39.
25  The microprocessor 60 cen 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-programumed in the microprocessor

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



exanple, or the Atnmel 2-w re EEPROM chi pcard m crocontrol |l er AT24Cl164 for
15 anot her. These provi de about 16K of nenory, which is considered
presently sufficient. The prograns (sonme exanples of which are described
her eaf t er )wabgerg@corded 1in a conventional manner, andrwesbssbe provided to
the nother ready to use. The programmed chip card is inserted into the
slot 50 in the back of the casing 10, where it 20 engages an interface to
the m croprocessor. The particular programon the selected chip card 61 is
then comuni cated to the microprocesstr 60. M croprocessor 60 is
integrated with the drive unit 25 to effect operation of the drive unit in
accordance wiekipting wperatiag progral. PYhsy s other daAiSER Erigess thif fersRce; e AC power
source as Conppddee theVufion &4, awhibargloduas had lsegy ai @letdal sipdl, catedeat 68 in FI G
9), or fromt I A 1.Cf oprocessor 60 can al so
control pomerqﬁ%ﬁ@%%ﬁ%ﬁ%%ﬁ%&%ﬁ?ﬁﬁﬂ?orc%%?gﬁgbgithe anount of negative
pressure gener at ed} Wiflive readilyspdesyqoy) thatq ckip oprd Of ijbysina AR ByEtR&euser vi a
operation ef tri@opr&kasr\50.COMETifdut Menaeodld be asd,Rodhasimoa balicated Wttfse- set range
for the sucti f €4qM e ess; i.nari | Lded in the
program as anq%%ibﬁoglwég%ck’i%g% %cgrslea%j%ﬁg{ %E@ciﬁ%t Ecgraglrsngar”m?%g]reeaf ter via
t he knob 45. 3JgcrameccserddAmprenicyaheoaldbe arouidedsp spntdeeden Tha iregramst - down
sequence (M | koulebesbéi®en thdizh @xdledrbid dgAlihkPRCERGAGREN W biiioally, eed of a chip
card for the sane. The mlk |et-down sequence (described below) is

CrwWise . . / .
pre-progranned’ln’ihe m croprocessor 60, or may otherwi se be wired into
the circuitry in aDateeinelo boreepudsd by the midnepracereqy fondognlpadipg prvapster/ US00/ 42659
-13 exi sti nﬁ QP eE alip B, mmbaﬂrmsa/ﬂbzme&lha;wfﬁédfharmMicms%&ms@ggage this
sequence, she . presse e but t.an i r c nd se an
el ectrical si d%'gf?n§egga¥e%g?%t€° NG %%?“0%5%3% aéggﬁfﬁ%d ete S%H%pr ogramis
t hen ef f ect ed.redugedyi 4 $eatsncer dhal isqapenganrsald Siep beipresrammed iptphppwmy &1d61 | s but one
way to prograrthd ficher olld SHIEORIOL SBERE adtion fréh B pubp P reifdiRest cf@erl d be used,
such as noj.e q%%%ﬁ%ted buttons |ike button 49, each set to actuate a given
sequence pre-programed into the mcroprocessor 60. A nuneric pad could be
provi ded to input BefedueeowtnEIG, 8 dheghip caddiip with brepshuwp erstiandaBugh an
el ectroni ¢ dattRerdoh fhen$¢46 (HoRfilodlledyReleTerd QLMD 65, Cdwnihere @ a cafilrb@éi se. 10 Data
can al so be regopdad, by rr%ﬂ[gr‘}:?. ﬁ%@&! QGESHAL ul Pl HQRRL2ad) ﬂ%né)r transfer to

ul'd also be di I d on_the

; £
the chip card. a co k Irectly recorded o c‘ﬁlap card. For
| nst ance, variety of available media, such as CD, floppy disk, etc. for physical transfer to a

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.



it is contenplated that the suckling action of a particular child could be
recorded and reduced to a sequence. That sequence could then be programed
into the punp, and the nother would then have a suckling action fromthe
punp very wedisrscent of her 15 own child. ReferringcnoswarssFl G 10, the
chip card 61 a with breastpunp operation data thereon is then read :
(downl oaded) at a "card station" 65, shown here as a card reader 76 |inked
to a conputer 77. The conputer 77 is used to transfer the data to one of a
vari ety of available nedia, such as & floppy disk, etc. for physical
transfer to a 20 research or data nonitoring facility, here indicated at
80. The data coul &G Roillusraps yhat 5@n bs 5peet & o™y iSqre RYBRMPPERBUgh an

| nt er net i nt erk@ae. In thepati@wtdERpr HS & ivalhbe\eénthad the (@ecénd 9 the tacman t hus be seen
that a vari et f. di r ' e u .now be

provi ded vvithyatn%emgeadfrl}éegﬁxr? gﬁé’é“f%ﬁ‘n%’ﬁg’qﬁ‘?g‘lﬁeﬁ’%‘@ﬁA‘%g‘g‘x‘?ﬁ%ﬁ‘”‘%@l%r'{g kind of 25
nmet hods t hat $yeinchre fema@del gt ey 28 SEHF ML iAPd 88 Far@dower yaoyust ough 15. FI G
11, for instapgpled inShivipRdpraiSthére fscdnr ivdeateOinhye Matlér of cydiedC In pemerhthe " St andar d

Qassic Prooralifue THd &5 BodFLPGerhO! «ORE BhbM FuPheaRLRUgR: Lhat has been
devel oped whi Ch1e constdered to provide a genheral optimal suction curve
rem ni scent ofganofAfakt' s normal suckling, such as provided by the 015

'I':ICléASfllc' breast puyg. 13@ho$.@hqle»bmfﬁ{&ﬂiel @ﬁraﬁﬂg&-brﬁﬁplh@@h&_ﬁ}sﬁ;ﬂlsid&ed he ]graph of )

, nhegative. pressure i ng,. t - . rs of mercury

and time (in goécg% sYorE %"r}émlgﬁgm% gl%fg.a%r%lzﬁxﬁlazmg%%eﬁ%ﬁﬂ %ﬁergr%t hod, the

cycl es ar dof i xagulargump pssiens feyerpldimesd dapit a;this method the intastpfmpdiereialeh i s

general |y adj usd @il eychal MRoR i ket of 16t $20 cadnerin., PRferavyhgn aWRsO1/ 47577

PCT/ US00/ 42659_-14 EIG. 12 || ustr ates S f hew "Sore
np

Ni ppl e Prograf SRSEHH *m & Caté’?’f;sgrﬁ’ 1}?!83@#9?%\%@1%?@,315 e\%% %s@ e seen that the
| oner end of pimse.vEhewegrivernmswee is in therange efjaboy 58 oabout 360 sl Ndend t he overal |

suction cycl e teSet@iKin@iud@sdt df FIG. A8 Ediving he rdpidety andfste@lopesl 0@ We @dcmmbout 25
cycles/m Ns 19 ?Qa%u’; 40. Fur a | ower vacuum5 applied in this program
there is an i AGreass in the nunber of cycles. In general, however, there
is a slower and geWiat bas besndermerh RegmiFapeaer Ripstam” tiproperetippsleastrumpy r ogr am of

FIG 11. FIG islifustdiedih FEG. 1€V RGO finde@f atdpai0a td abgn 250tminafstapbee® Whi ch i s
considered ! utlilufh, Afed AGHEIRR abdle &7 b EocBHsBH il hPoybiB ol B 097 2M L D
m ght be applie e en
the vacuum are tied, such that as, for instance, the cycles decrease, the amount of
20  vacuum increases, i.e., 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 slopc 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, apd such are intended to be included within the scope of the

invention as expressed in the following claims.



10 regul ar punp sessions several tines a day. In this nethod, the
breastpunp is operated at a rapid cyclical rate on the order of about 120
cycles/mn., preferably with a pause after a period of vacuum application;
here, 10 seconds of vacuum then a 2 second pause- The negative pressure
is in the range of about 50 to about 150 mmHg. Note the detail in the

i nset ORYﬂ{g 13 show ng the rapi dlty and st eep sl o%(Fas of the vacuum 15
appl i cat “YAat has been termed 'a new "Superi or PEFHEI04RE5%f or operating a
breastpunp is illustrated in FIG 14. A vacuumrange of about 100 to about
250 mmHg has been chosen, with cycles ranging fromabout 47 to about 78
per m nute.wmlsmhmnmtse and the vacuumare tied, such that as, for

i nstance, the cycles decrease, the anmount of 20 vacuumincreases, i.e.,
there is an inverseAPEPspYmRTeRPHinel t will be noted that this program
differs fromthe "ChhSSks@ibldpsdgrapnutialenten wilchadledst hant @ bl gbman'syegstgnce t hat
initially reaches a.fgal, negative pressure, then smoothly starts a pressure
increase _(less negative) along a similar (although opposite) slope,to that
of the nedative pr éB?ﬁF’és%'ﬂ‘iel"b“E}B“““ﬁ‘ﬂ?“‘Y‘Fﬁ‘éﬂdgqeﬁﬁg‘e'ﬂmdpr essure increase
briefly, before continedharign gerafify sais pentieadukeg td freubdit lehsah mBik @RSVT Or t he
negat i ve, pressure | eheasng Aol stk BN rSSANRNGS, ER.ALSC | noor porat ed
in this "Superior Program®™ an ul'rl T Zes a vacuum v an 0f about 50 to
about 150 mmHg. zW|thhay&ktﬁﬁnﬂ@@ﬁinngwﬂ%ma%ea@ﬂbﬂiha@QnIer@.m.Ut 160 per

m nute. Thus, while the invention has been described herein with relation

to certain 30 ?nboﬂﬁmagtﬁu Cﬁm fuﬁ%'uﬂﬁﬁmg;&Qéﬁley\@atlﬂoﬁtﬁdlllell ankln'lm hl S art
wi | recolg,nl ze a(fﬂ fication alterations an

St 11 o i i RS S e perdiRin ol Bl bl s nsitenduch ar e

| nt ended to be spavelcerdeids pletdpr rsequigere gigpetheg beitgvomilli epreribn @quens. expressed in
the following clainms. WO 01/47577 PCT/ US00/ 42659 -15 WHAT IS CLAIMED | S: 5
1. A breast punp. confeigdasgimpent DIamexstathdr elenldiiga/deqi@ncd sdiidgiadiceWitlehtiin Whi ch at

| east part g{dlgqu@qqelﬁ Eeﬁ@églellﬁ'sano%p?zﬁﬁ-l ved; a pressure source in

conmmuni cation wth sai reasts and a mechani sm operating said
pressure sources.t 0 RRRUERr Btasl fidping Soniphibile: | €t down

15 providing a breastshield having a portion within which at least part of a woman's
breast is received for the expression of milk;
providing a source of pressure in communication with the breastshield;
eperating said source of pressure according v a milk letdown sequence, and then

operating said source of pressure aceording to a2 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 assoeiated with the breastpump specifically adapted to

25 initiate a milk letdown reflex.

3. 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,



sequence and anot her sequence different fromsaid | etdowmn sequence. 2. The
breastpunp of Caim1l1 wherein said nmechanism has a notor drive. 3. The
breast punp of daim2 further including a controller, said controller
including 10 at |least two pre-programmed sequences for operating said
notor drjve, one of said sequences being a | etdown sequence and anot her

bei ng a ‘my i( é@?presm on sequence. 4. The breast punpCoUsS@4aéan 2 furt her

i ncl udi ng a sequence sel ecting deV|ce wherein said | etdown sequence is
sel ectabl e by an operator. 5. A net hod for breast punpi ng conprising: 15
roviding a breastshiel a rtion wthin which at | east part of a
\R/oman s gbreast&ll s :']"'éce%'\’/og1 wf:'a'g's? ﬁ'p‘;og%ﬁ?"ésé’g'll‘if‘?i’“&feqﬁ?“whas PraSTR B8 sour ce
of pressur e "ENE BAtHEH 8L 50 o te 4pontd 50 hnBa stdshirghalpy of alper st sgutgas d sour ce
of pressurecaremkdhioig. to a m |k | etdown sequence, and then operating said
source of pressure according to a m |k expression sequence. 20 6. The

nmet hod for breast pu ing of Caimb5 further including: providing a
control l er whi c¥ i s bbsgtramredmrigngper at e sai d source of pressure to
producesat | east aareﬁntdhieldIhah@ﬁ\wrtsequmm@ﬂcm%nan’ﬁbﬂel&tﬂi‘d@&@ﬁ%r% sequence.
7. An inproved br eastg;{ﬂms]g O 1€ €xpression of nother's milk, wherein the
| mprovenent conprises mechani Sm associ ated with the breastpunp
specifically adapf‘éﬂrcleéf"a%mlﬂm"t“ima!'eﬂt!&l With sid peepstibinld; andf | ex. S. The

breast punp of C ak peghmmbbldconthbIRF BF Varifkithk vARGRAANT SM operates a | et down
sequence with a vacuum pressure rangi ng between about 50 nmmHg to about 150
mHg, and a fridquerithy behstpimpuf cl80 14 rtbdp canpridioga @iy:aiite 1 direfFentl NUt €. VWO

01/ 475770 PChvokisnOfod26aOnirol&. 9. The nethod of Cains 5 or 6, wherein said

| et down sequence has a vacuum pressure rangi ng between about 50 mMtg to
about 150 mmHg,12and Te bregstprenpoiyclaph 1@t s8i0 ptogradb ddbonlbfdd £y Cl €S per

m nute. 10. p.A.ebcr.aaas.temu,rma mrﬁa.sauﬁa.ﬂgunﬁr@onm@ea%ﬁda £hddr PAMI N9 a portion

wi thin which a woha . S mrrgnq§o s, recei ved for the expression of mlk; a
source of vacuum I'h cor catl O Wth said breastshield; and a

pr ogr anmabl e cqatrolqlher,.—eisqru.n\;afd;.rﬁlgz‘me NG R and ool B Jyeastpunp of claim

10 furter (o) t[elcasnlingapluralltyo ferent
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 functions, 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.



10 prograns for said controller. 12. The breastpunp of claim 11 wherein
said prograns are contained on prerecorded nedia, and said breastpunp
further conprises a nedia reader which reads and inputs a programto said
controller. 13. The breastpunp of claim 12 wherein each programis recorded
on a 15 separate card. 14. The breastpunp of claim 1l wherein said
prograns are different sequences for varying at |east one of vacuum force
and vacw i Gyshe according to an application curyeyusfyadsae breastpunp of
claim 10 further including a source of positive 20 pressure in

communi cation with said breastshiel di’-and said programmbl e controller
further varies said positive pressure source. 16. The breastpunp of claim
15 wherei n sai di%r ogmabmgasgpusp dickireldentrein ssqpresngesieftion mechymsmng at | east one

of vacuum fiQEtQé%st omnuuyepe%@wwn%citmma m&stpyla,gmu&meag according to an
application cur f pq | ai m 10 further including a
neans for g%H@P&PSﬂﬂ““§F8ﬂ§v‘mmH’ cHtTY ﬂm”¥ ﬁ?%astpunp operating functions,
and neans for rgporq;ggﬂﬁghpmméhg@als for later retrieval. 18. The
breastpunp of clai F] Whﬁ 9 prograns are orded in said

control Per, and fBPFREPSE %Tﬁﬂ?m'm”“ 1'ogram sere S efoﬁrﬁﬁgﬁanlsn1associated
with said breastpunp.ﬁv@wamﬁﬂWG?ﬁnPCT/USOO/42659 -17 19. The breast punp of
claim T8 wherein §§hﬂeQﬂgﬁﬁﬁﬂhﬁﬁhﬁﬁﬁﬁﬂmmﬂaﬁhﬂaﬁﬁwadiS at | east one manually
operated button | ocate sal d breast sai d.b pn; bein actuable to
send a signal to 84 a"ésc')"(rjlfnr B Er S?‘gsfurgeﬁq;?é{l'f“bﬁcué mgu[E’pr ogr am g5 10 20. A
breast punp conpri si ng: seauepteeridt shi el d having a portion within which a
worman' s 1br east isaE@&elievadopefaaﬁgsa.henu&xmrve&shedaoreﬂngm'als.k;mda source of vacuum
in communication wth gaig.breastshield; a mechanismfor operating said
sour ce of vacuun1accorJ|ng to a first

21. The breastpump of claim 20 wherein said controller has a preset

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 to 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 claim 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 least one of vacuum force and vacuum cycle according to an

application curve.



sequence; and a controller for operating said source of vacuum according to
a second sequence. 21. The breastpunp of claim20 wherein said controller
has a preset programfor said second sequence which is a mlk | etdown
sequence. 22. The breastpunp of claim21 further conprising a plurality of
different 15 progranms for said controller wherein each program has a

di fferent sequence. 23. An inproved breastpunp for the expression of

not her ' ¥OA*77t he breast punp havi ng a nmechani smEOYUSMOBUI ati ng t he
breast to express mlk therefrom ﬁrein t he i nprovenent conprises a
programmabl e controller for said nechanism 20 24. The breastpunp of claim

23 further conmsi si NYe BrefRlpdinabfclaym DfwhdicinfsQd ARthanis PGk FBILdQr Sai d
controller., 2o ;Erﬂﬁsltm ﬁl%éﬁlglﬁqpsa%fprgglraﬁﬁnmbﬁé n%ﬁet;' %erels\@h% salf OQrams are

contained on prerecorded nedia, and sai I nprovenent further conprises a
nmedi a r eadef*SHiHiPEH U $8YES and i nputs a programto said controller. 25 26.
The breastpunp of claim 25 wherein each programis recorded on a separate

member. 27. The, bre%émmmh%mm%ﬁﬂ%&&g}a.ﬁﬂrgd.ﬁé ggrans are different

sequences for varying at [east one of vacuu orce and vacuum cycl e

accordi hg tBIErees BhyFiest eshong ahoevmirronpirresupdtreemdd 42659 - 18 28. The
br east punp wfuuel cadleacd3divdre mesppli@ainGuvechani sm furt her i ncludes a source of
positive pressure, and said programrable controller further varies said
posi tive presstfte sdhreestr2op of Fhim Friwdst pelwmpnsafmegisdppBiivher ei n sai d
prograns arsignals fnfiiestie€df bredstBAGUAHRMES funCiiony/ AidyhieRd f@trech@Agkaidne of vacuum
force, pos'&éM@mP&ﬁ§ﬂM% force and vacuumcycle according to an
appl i cation curve. . %e breast punp of claim23 further including a neans

for genmratingsisi gﬁaésredsﬁjdinpatclamezmafne.bmﬁ&s@gms@pﬂ&a&edng functions, and
et o Sfabflang, 38 Ll wphOiR S ARE B ELphEbh St (10 51 The

br east punp ein sal rogra re recorded in
mechanism associated with said breastpump.

32. The breastpump of claim 31 wherein said program selection
mechanism is at least one manually operated button located on said breastpump, said

15 buttan heing acinahle 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.

35. 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.



said controller, and said inprovenent further includes a program sel ection
mechani sm associ ated with said breastpunp. 32. The breastpunp of claim 31
wherein said program selection mechanismis at |east one manual | y operated
button | ocated on said breastpunp, said 15 button being actuable to send a
signal to said controller for selection of a program 33. A nethod for
oper at i 1§ ®¥*BY¥&ast punp conprising the steps of: rRIHAIVM$ST he suckling
sequence of an infant in terms of at |east suction force over time, and
progranmm ng a breastpunp to operate in accordance with said recording. 20
34. A nethod for, breastpunping conprising. providing a breastshield having
a portion withi éﬁ'mﬁ?ﬁé'gas%%ﬁg get 85@1““?53“"%68‘6@1"\?5’ "f§PTet he expressi on of
m | k; provi gHorigedan pesracerdedofiediacand epid irepstpwnmirther sqnipises wimkdia sai d br east shiel d
whi ch i's oppaddark diyhod nEMBt dmpristik the 3Flor2puih OU5-35Hh BFousilfh controller to
operate said acu plurality of different ways. 35. The

reader slﬁlig]a(; ngrf)]%r.

br east punpi ng et Claim 34 further conprising providing a plurality

of diffgrent programg. f,QwSidhi Lol iVl aid vacuumin
accordance with differ entStfi'giaﬂgeﬁégﬁebgpJ\l/;\JD'ﬁ%ﬁl‘}'%W %&%?ﬂggo/ 42659 -19 36. The

br east punpi K5 HELhHEPBT 8™ m 35 wherein said programs are provided on
prerecorded nedia, i . ther conprises a nedia reader,
the method furt hsgr ?ﬂgbrﬁﬁg’ﬁﬂ%ﬁg{eﬁ%@?g&%?g‘lvhr?f)eﬁ : @ﬁ%g?mﬁ%gr am t hr ough said
reader to sHFI¢EALTSE PErryiee 2least el GrumdtpiAts v Y Mt Rod of claim 36

wher ei n eaciicopdingyp ampplcatisnegoe.ded on a separate card. 38. The breast punpi ng
nmet hod of claim 35 wherein said prograns are different sequences for

varyi ng'®at | east® ondholtrearaeneing Peshod af cinirel 34/t ncledies asouracdor ding to an

appl i cat i onpogitive\peessueOn @ghmuliogioh witlas tdhinaagshivg)l, matflradr inéluddigaken 34 furt her

i ncl udi Ng 84S Qe Gambine RSbition I €k Eg){mm'cation W th said
br east shi el (tzle?A alﬁ ?urt?’uer i ntcol ﬁé?ﬁagést%ﬁéﬁs‘ﬁsvggﬁgo ptr'g'gran’n‘i ng said

controller to vany Iaéref3sigihgifetiidd 66Tt 89 HRAEHNGSId programs are
different sequences for varying at least one of vacuum force, positive pressure foree

15 and vacuum cycle according to an application curve.

41, The breastpump of claim 20 wherein: said mechanism includes an
electric motor, said motor having a reduction drive 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.

20 42, The breastpump of claim 41 wherein 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, each 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 arc driven

in tandem.

45, A motor drive for a breastpump, comprising:



40. The breast punpi ng nmet hod of claim 39 wherein said prograns are

di fferent sequences for varying at |east one of vacuumforce, positive
pressure force 15 and vacuum cycle according to an application curve. 41.
The breastpunp of claim 20 wherein said nmechanismincludes an electric
notor, said notor having a reduction drive systemw th at |least first and
second WaPE5Cnveyi ng noti ve power to a novabl e MEFBEPYEFS%an expansi bl e
chanber device wherein a vacuumis generated. 20 42. The breastpunp of

cl aim41l wherein said expansi bl e chanber device is a diaphragm punp. 43.
The breast punp of n?ut&‘}hmuflz ereg n there are two di aphragm punps, said

di aphr agm punps Ravi ng a n&"Shich is nmovable relative to a shell,
each said merrbreﬂrfed“b‘e‘i“ﬂg“t?bﬁﬁ‘ﬁé@ﬂ'@ﬂ“ifaéﬂawﬁésiﬁE‘IWIVV‘EP‘SMIT* #t  each sai d shaft
bei ng mounted 25 t O Rast BSQAEkind b kdnvdy@E mbiivd @ater FOMEHENT Wi th said
respective belt. 44 Iopag br east pt{n%lememge”gnél%nv\@]erhel sai d respective
shafts are driven & A5 drive tofa breast punp,

conpri i ng: WO 01/ 475®W°&‘E@re8'ﬂpwwmem59 a notor having a rotary
output; a reduction drive systemcomunicating with said rotary output with
at least firstdéand SEosthridaldofcltinRy eydragsaiidkjavabldueer levizen said rotary
output to @ np % J};ﬁ;rber of an expansi bl e chanber device wherein a
vacuum i s gener at d*™"46. The notor drive of claim 45 wherein said

expansi bl e chanber device is a diaphragmpunp. 47. The breastpunp of claim
46 wherein therg.are TMrdi;tﬁlphromgﬁrmpawp&ein thei@iagk t6ld aﬁqiﬂnfaggr]mﬁpmps havi ng a
e e o Ml DB aIONARL Bl Bbit sl Rl r BRER Mgl oY ane bl ng
connected to a respective s each ar nmounted to a
respectifve spidmemprgpe heing epapecisd iParEsREcVgisha <@g ﬁ‘dﬁ'@é‘ﬁ’éﬂ ‘i“?/'lé‘“’BeIt 48. The

br east punp toh resjeetivabettforiin &ir @iovems@tivith kabpRGedivaieitshaf t s are driven in tandem

48, The breastpump of claim 47 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 received

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 forec 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



49. A breastpunp conprising: 15 a breastshield having a portion within
which a woman's breast is received for the expression of mlk; a source of
vacuum i n comruni cation with said breastshield; a notor drive for said
source of vacuum a mechani smfor applying vacuumto said breastshield
accordi n% to a curve 20 which varies the vacuumfroma high point to a | ow
poi nt i WO e; a vacuum force adjustnment devi FETEHAH285anual |y
operated switch, said switch provi di_;llg a rate control input to said
mechani sm for appl yi ng vacuum and a vacuum control input to said vacuum
force adjustnent device such that said vacuumforce is 25 varied with said

rate. 50. THe>FPEHCR BEAIORE? Boas drehen pndeae nsewal for asiraieh2ids a rotary knob.
51. The br eatstyhinlso décroafivg said 5@uwomer ei n sai d breast punp i ncl udes a
controller for said mechani smand said vacuum force adjustnent device, and
rotation of sajd knob E)roduces a Si gnal to_ said controller which varies

with the positioh of E3M P B1) F 7B P BErPUES0/ 42659 -21 5 10 knob, said

knob when r ot at ed spyeephracgdniect i on produci ng a signal for increasing said
rate wh | e al so dafdiRasivdrgr ss@ischraéatidbiiim; 52. A vacuum punp for a breast punp

comprising: 2 SOULERRh WA MU Al Sl ffaliQhur 83 oSgUr c& Of vacuum a
mechani sm which alters th(_a eyesl of vacuumfr_or_n sal sourceé of vacuum and
whi ch varies the rat eansfwhicherigaibapat df vasndnprpplicatieh; grdcontrol l er, said

controll er provi di dgroied atdeodanérpedviding B ite doftrd @iptk to RChani sm and a | evel

control input to sai dm@ﬁﬂg%ﬁ%ﬁg?ﬂ%ﬁc%ntr&?n%ﬁﬁtg%ﬁl';;r%ﬁ%%‘ﬂ%mih‘é’{ ce is varied

inversely to said rate np o ereirn said controller is
a manual®’l y mani pul at @Y PerafyeeyTaped ivarselri&idittp of cl ai m 53 wherein
rotation of said knob produces a signal

53. The pump of claim 52 wherein said controller is a manually

manipulated rotary Knob.

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

cycies.



which varies with the position of said knob, said knob when rotated in one
direction 15 producing a signal for increasing said ratewhile al so
decreasi ng said vacuum 55. A nethod for operating a breastpunp conpri sing
varying the anmobunt of vacuumand its cycle according to the curve of FIG
12. 56. A nethod for operating a breastpunp conprising varying the anount
of vacuum and its cycle according to the curve of FIG 13. 20 57. A nethod
for opeV2AG"4 breast punp conprisingﬁvarying t he PAIRIY4268% vacuum and its
cycle according to the curve of FIG™14. 58. A nethod for operating a

br east punp conprj si rying the ampunt of vacuumw thin a range of from
about 20 mHg (P%e ?gg¥$“%§@%aWFaPSmﬁBHWWmfgﬁ“WW%%f%?ﬁ@abreatest vacuum)
whi | e si nul ingresengiilg otpyt g rRyisingeperstiog sald pumpidtairgnd Qslicdl eat@dn the om about 25
cycl es/ m n.or@dr of MB6ut JEERIREin. WaG 4 Wi priaktlin APraGYel B0 BoH at the | east
vacuum such that for a |ower vacuum applied there is an increase in the

abou

nunber of ‘cycles. 01/ 47577 PCT/ US00/ 42659 -22 59. A nethod for
operating a breastpunp which is considered to yield an increase in mlKk

out put £onpri si iy OMRE MdthdAGf darh 89 QLRGP indkudide 4 FRieAftébbdnip6rdd of at € on t he
order of about %qu%ﬁgles/nin., with a negative pressure in the range of

about 50 to “'a nmg. 5 60. The nethod of claimb59 further including

a pause after each period of vacuum application. 61. A nethod of operating
a breastpunp of ¢gl aiAhdidd WhvPE@iiTE aHPdaslpuhpeisln 60 ShedgPdala®aculimr about ten

seconds of yvac ith the two secaond pause. 62. A nethod for operating
a breastpurff)ap@g%g}riaﬁ%&"\s/eé?'@f %@’W‘W&‘Wﬁ@ﬁﬁ WG ¥ a range of about 100
(the least vacuum) to about 250 nmmHg (the greatest vacuum), while _

si nul taneously ¥ar yiangktiod @royeitak b bieatGhing fonfpyiGheyafyidMeab@uh 78 cycl es/ mn.

at the ] east,_vacuum about 47 cycles/ mn,._at th reat est vacuum such
Phat |t o i et AR i TS Dol s e Ff Rt ho mavber of
cycles, w tyacwam),cypid senultadepesiyivarying the avevad! sygtipredycl fipm 3kl ™3 bui | ds to a peak
negati ve proaskif at thd et vhanSDNM 1Y cyeiedihih St the PeASSHfinl, AcKk €ase (| ess

negative) glaong an initial slape.but then slo Jhe pressure increase
h a a OWElt‘ vacuum app jed there is an incr € in the nu er (t‘y.cle s WILD A

briefly, berore continuing on essentially sard rnitial slope for the

negative prcéggfgl(l@iqg@cgrag'é]_lich initially builds to a peak negative pressure, then

15 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 centract 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
isolating said movable member from fluid, said cover being

removable for at least one of cleaning and disposal.



63. The nethod according to clainms 58, 59 or 62 conprising including a

mlk | et-down sequence for said breastpunp and additionally operating said
20 breastpunp with said mlk |et-down sequence. 25 64. A punp for a

breast punp conprising: a chanber defined by a shell and a nenber novabl e
relative to said shell; a nmechanismconnected to said novabl e nenber which
noves said novable nenber to expand and contract a vol une defined within
sai d chRYW&A?573 port in said shell through whi ch fACK$OHEES in response to
expansion and contraction of said vglune; and a renovably nmounted cover
bet ween said shell and said novabl e nenber isolating said novabl e nenber
fromfluid, saigd co %gg belﬁ%b £nov ab for at Least one of cleaning and

di sposal . WD 017747 PEYF ﬁf %gﬁ”m 59965 fe punp of claim 64 wherein

said cover is flexible. The punp of claim64 wherein said novable
nmember has a CF?cdﬂFéF%ﬁ?‘ﬁW”WﬁWﬁ“@éTﬂm§6W%W“H§THﬁarecelved over said rim
and sai d shékimitragiabrim, saith toxerrbaing opeived ngr ddfrimad stihdrekhasagi zed t o enconpass

said rim vvilﬁtbmana;bdm@amed KB sigd téensumpss;a'ssﬁh virh Weh a.damaulasaneenti ally airtight

fi t ! a& d COVEHI; nEnhrgs!c?l Xan qr alr %CF cnver thebr§t V}Br%nng\:/a%?glket bLtlwrgnand Shel X 67.

The punp of™cét'al'm’ udi‘ng “a one- Ve "exténding through
said nnvabh@mmenbéﬂw"sald valve al | owi ng exhaustlon of air between said
novabl e menber and said cover nounted thereon. 10 69  The punp of claim 64

wherein said pu i p u aid shell hay a general
heni spherical in erF{'}“hc?rp“""h“af Q.mazﬂ% Q‘e%%}‘é R Y eé‘?n‘l' gg f?exi bl e d
menbr ane. Ggmuﬁh@mpwwwh@ﬁmb#awﬁwﬂvﬂmm@mEWMWSQndﬁpwmwﬂm§ma di aphragm punp,
sai d shel | pfiami AgnRr SRRAd akdrmobmed tepboar i cal interior shape, said novabl e
menber being a 15 flexi ble nmenbrane. 70. A di aphragm punp for a

br east punp, conprising: a shell having a generally hem spherical interior
S hape; 10 68 The pump of claim 64 wherein said pump is a diaphragm pamp, said

shell having a generally hemispherical interior shape, said movable member 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 hemispherieal 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 flexible cover hetween said shell and said membrane
which isolates said membrane from fluid, said cover being
removable for at least one of cleaning and disposal, said flexible
membrane having a circumferential rim, said cover being received
over said rim, and said shell having an internal opening

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



a flexible nmenbrane novable within said hem spherical shape to expand and
contract a volune created in a chanber defined between said 20 nmenbrane
and shell; a nechani smconnected to said nenbrane which noves said nenbrane
to expand and contract said volunme; a port in said shell through which air
noves in response to expansion and contraction of said volune; 25 a
removabl y nmounted flexible cover between said shell and said nmenbrane
which i s‘%q’&]t"ﬁé""sai d nenbrane fromfluid, said covef“b&PHG**Penovabl e for at
| east one of cleaning and disposal, sgid flexible nenbrane having a
circunferential rim said cover being received over said rim and said
shel | having an internal, opbenir ef i ned ther e i “ehconpass said
rimwith said cover nount enﬁ on%%_ﬁlqﬁifl4 gl%%pﬁdg'élo%é% ﬁg%%% &24 said rimin a
substantial | y airti ghtegafhetbetvee sgideisaed shelber epy fornming a gasket between
said rimand shell. 71. The punp of claim 70 further including a one-way
val ve ext endi ng 71t hr Baeglamp afi cihinrt\faitiiee inpledikecy one-wap divy extepdinga| | owi ng
teﬁhaUSt | 0N Qf rodtnlsai® BEVEIR Rtk Gaid VIRN alklweng TRIIRGEN 36 &Rl sOVer nount ed

ereon

movable member and said cover mounted thereon.



