WO 01/ 47577 PCTICISO /42459 -1 . PROGRAMMABLE BREASTPUWP 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, breastpunp.
S BACKGROUNDV@RATHE | NVENTI ON Br east punps for use by nucsimgdemst hers are
wel | known. They allow the nursing woman to express the breastm |k as
necessary or convenient, and further provide collection of the breastmlKk
for later use. For sone nothers, breastpunps may be a necessity, such as
when the child has suckling problens, of if the nother has 10 problens with
excessive or deficient mlk_producti [_soren deformation or injury
of the mamm Il a. Manual br@%&%@%‘ﬁﬁmﬁs , primarily because
they are rel ativel i nexpensi ve and easy to transport. Being manually
driven, however Fﬂ%ﬁlﬂgﬁ ONsuction pressure produced can be uneven,
and operating the puap ifvationtelaieiMivehaypui9s fol Braling broGmilk] 26 pardicaRiy Y- dri ven
br east punps aretoaalﬁcgqrﬁ%nmpﬂlef%&%an{@ﬁ%éﬁ?%g% of a substantially |arge

a y

size of a non-portable br sem -por e,p'typi cally including a vacuum
punp whi ch has clri r_that plugs into standard house current.
Advant ages of t%{ig?*{‘%ﬁb‘%"%'?"ﬁ%%\&@%@% controllability and regul ati on of
the 20 vacuum and tBreastpiyip ifaryuse by pusiqg hobds de ealt keovat TacalowThat is, the

Ur i NG WOAN Nisind Abihal et 4R EorksGmdObnd WP LERRIAMIPAlIS | 1 pl ace
for punping of both breasts t Battery-driven breastpunps

a he sane tine
have al so been HEYE] gleeon %%%@W@%{ﬁﬁmsmﬁa%@ s ProshiRYes of
control |l abilitymankk anecpssitatsichas wlien the ehild e sucklinggsoblents) or ifshel@ihachas 25 easi | y

carried. Sugh apRBbhLki Bck\itd o dibia ufik PrRASLD WP Borbnsss (&3S hiddgdr i 1 U. S.
4,964, 851, for exa - Thi.s breastpunp, sold under the name XI MVECM C by
Medel a, Inc., i S99 F’ and achi eves good vacuum (i.e., negative
pressure) regul ati dfmpahbsasehmpsr ecconmopglee, ignrile bt ey retrabeiesly about 100

oot hor type of okt 4Rt fulf3 ohil B AR RIIL B1Tn Mo eE SRobifs |2, B 22

anot her e of breast pu ch may be driven attery as well as

house cur)r/gnt. F‘lm?nsp”ﬁﬁ%e&gquffsﬁgec‘%%cfnﬁ?ﬂpe’aﬁ?@.ﬁe F’ﬁ%i’e‘i‘ﬂ‘ “IRB'T"‘XI’S?‘DOZ 899.
tiring. .

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 n;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 controllability and regulation of the vacuum, as well as being

25  easily carried. Such a battery-driven portable breastpump is described in U.S.
4,964,851, for example. This breastpump, sold under the name MINIELECTRIC by
Medela, Inc., is lightweight and achieves good vacuum (i,e., negative pressure)
regulation in preferred limits, for example, between about 100 and about 220 mmHg.

The LACTINA breastpump sold by Medela, Inc. is also another type of breast pump

30  which may be driven by battery as well as house current. X is generally disclosed in
U.S. Patent No. 5,007,899,



WO 01/ 47577 PCT/1JS00/ 42659 -2 Electrically driven notorized breastpunps
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 pWOIMMTSE) to be applied at the breast in theCrgsie48phi sticated
punps is geared to a particul ar 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 izng action of an infant, for

i nstance. Breastpunping can cover a range of different conditions,

however, such as wh .the ,.nother'.s nipples are sore for so reason,
there is a state of E%%é"ﬁ?’f if]f:l%{ar'%tm%tﬁrézgﬁl g}éer%%’rﬁn,p.s E}l’g‘g‘n% A p“b‘!vgs@i’i ation may
be particul ar| ydeeleried avith af sinsgleggnomotaisrrly’ dprak gveroppopny Theke s, the dafingarti cul ar
interest, it noMechisBeli geidatig tHe VEduEa $Rediivd PredirOAYIB dpplitd «BehslbrefH: ON. Some
br east punps prl.gvdwdeo}ehsg hlilsﬁeredwiug‘h Esh%argdb'{leittx?tugr vary t he anmount of
vacuum bei ng appl el ast wel T ds the Speed P tHe" pirping &&¢1 8h (i.e.,
nunber of  dyclwegatiyepresivn dncespse (i9) imemsing fictionh ewksthinrreledse Prs isoftemr t,  speed
and vacuum | evediméit reprddlidithCRCOmE ke 04 ARKling SbteR of AfinfAS 103 RBAKLe! NCreases so
does the vacuum,| e el.. The 15 ver, and the
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It is a pri nel p%w“gﬁhe&#l ve, of tpieﬁj&esent i venél.onashgf?prow de a
br east punp 20 & TSt BROYSTRL G MEtRsE B pragugtion Iot her things, a
plurality of differFeg brastrhmmpedsshore( ekt thaetilipny vaetuencas of or curves.
To this end, th&cﬁlﬁvﬁeﬁﬁg|aﬁi:§e&,rhs%§as Hheked §f Be MG AR RS QML 8F NY @
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breast shi el d havi a portion within which.a womn's breast. i s received
for the expressiSHF b mifbie). Ingome isaiges R e BTk PESIAY VACHRRYF B% | on wi ¢ h

the breastshi el dilueRecqach dther.sugtetitoasispaad ingreasepiordees the vachn kedlir 8e 25 of
vacuum a}gcowl nshsia@c@«vwémns?ﬁ&%ma, gﬂ%@uﬁpﬂﬁﬁﬂ? s b@@"shequl%rt@t ing th he
source of vacuum.according.tq, a second seguence. e controller can have a
preset program ngrmgtvﬁ%ahglgc }Ttgagaﬁg%ga%m\mﬁ’ “?%%Sm _lqekw “’i‘ttﬂ’b_ sequence,
for exanpl e. Prkasbeeabdngralizedior the overall ponjatitnefussrspl ural ity of different

prograns for the controller wherein each programhas a different sequence.
30 I n one enbodSUHMARY OFIEHE INVENTION a notorized punp (e.g., conpressed

al ri Ib?t tery and/ ok i0QRfcifal bli&hle) of the RELHIiRlBHlIHMS Profde ™ GERPRAS SSSOr - based
controller. :
20

which ¢an be programmed to generate, among other things, a phrality of differing

milk expression (extraction) sequences, or curves. To this end, the invention in one

form is a breastpump comprising a breastshield having a portion within which a

woman’s breast is received for the expression of milk. A source of vacuum is in

communication with the breasishield. There is a mechanism for operating the source

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

The controller can have a preset program for the second sequence which is a
milk letdown sequence, for example, Preferably, the breastpomp 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 memofy “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 ment. A user

sel ects a de¥9$18&F7program and that card is then read BETESOHBEhani sm
providing input to the controller. It should be noted that while suction
curves are generally addressed in the first instance herein, the mlKk
expression sequences may also include positive pressure aspect, The
programming could also 5 be provided via other nedia, including discs, CDs,

infrared data transfer, gelectr lg%l dew%%edoéfgngmd thaapFangt etglnet ad nnectl on)

and so forth. ASi gnifican € ‘unaval Van a e realized
by the present mGGSH PISYidingsinpyl do the senfrolien ftishspid by %ﬂlﬂfaywklhéucﬂblr east punp
suction action taves ahbagdna*al}y dressd® s HR iriORglintd QH&n, ﬁ@%llﬁkﬁb&bsﬁi@n this
ability to the gnqlenceg tiendant. advantage.js 10 that S, the science

{Jalso c pressure asp ming could also
of breast punpi ng cont| 0 make a vances,” new nprove Suction
f

curves and sequBhpreyded xie ater padie inslading dissscClos infrared H@#t@éﬁﬂds‘e@f@m ot her
programi nputti mbgdﬁ@aﬂﬂnw%&fcorﬁsdﬁbﬁ)%dam@wdant advant age is that the

programabl e punp can.. dat a Lel at; 1 o e and operati on.
That data coul d be §t© angq'lgrﬁg)foraen%néwaﬂ abeadyaris ﬁeéb? ?Qﬁﬁ °PFEH as by

downl oadi ng thr émgﬁoraiﬁthemaér #hdlity worpdide the blnastmmgﬁ@thrxﬁch@d@# whriety of di sk or
card), and the lisk&l codditiods, &atp@ovtdeaﬁdaemglm t&@bﬂdd:sé)eAhlﬁtﬁsfl&hht dayhniadié cal

research, dat | u ta r moni torin age, just
for some mgéan?fe tp&%“'fcﬁopb %WW&P&’%"&%% ﬁ‘hase“%‘fa“ "ﬂ}’g(f cul ar
infant's suckl i Hgﬁcp‘a%“t!“éf nd %"@%twpt’oag?amﬁ‘@dﬂ’lledoq Fretherpeardgy secbtten  oper at e
the punp, and tb@gmya{puﬁﬁg@a@g time as the infant grows. In yet another
aspect of the inven r.oved. breast V|de ich has a
pre-progranmed m | kwl ef‘mg‘o ncpéﬁtuagﬁ?gge 'fatgat%etngragﬁ%'g@g nost
advant ageousl y ﬁ"ﬁﬁé%@l@%ﬁ’@‘sFﬁﬁﬁ%ﬂ@ﬁm@"bﬁbﬂtdﬁammdtﬂ?émeﬁ,%@ lp‘itae% ded on the
25 breast purp Us@OihbOrediddadsChyt RAnBEEMCRAAgh hi Ifidriet lcorB@bd) agRapect of the

invention, a br nﬁé’@% {1&#2‘3 thgﬁkeel@gt %mﬁtwgﬁldp&s C‘cheialuctl on gear

systemvmth at second conveyil n HOL T Ve power to a
nmovabl e nember Wea&h fé‘k‘ﬁ’dﬁ% Bie gump, it agw @@Jf%@ﬁﬂ#\?@ﬂ@ﬁ%ﬁ\geadus’f\fa’@wm is
generated. The aspaasi 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 anbﬂmer aspect of the invention, an improved breastpump is provided
which has a pre-programmed milk let-down sequence. The let-down sequence is
most advantageously made available through a button or the like prowded on the

25  hreastpump used to actnate the sequence.

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

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

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



30 di aphragm punps. Each di aphragm punp has a nenbrane 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
movement W wlo diasrr espective belt. WO 01/ 47577 PCT/ USOpt#Ag&dsss 4 The
present invention in another significant aspect has as an objective to
provi de a breastpunp with one or nore novel suction sequences which are
considered to produce advantageous particul arized results. Such sequences
include, but are not limited to; a suction method (e.g., programor curve)
for a sore nipple condition;, a 5 suction nethod for increased mlk
production; an i nmpr GRfelessRfdRyentipn B tanesher jsignifignat wspest hasas canphisetivedd f or ni ppl e
stinul ation. A pretiftacdrdaggpurpmath ahd dighote love agtipuegedcarwhichaR censiderp| €

condi tion accordi e iobd ¥ i I var.ying. t he anount
of vacuum wi t hitg[fgoq ?Jg%g‘é&%%?oﬁrpgﬁ@ﬂ% out&% s ge%{@{fé%r\%%daeétgu t)\érgc“(éhn) t o about
250 mmHg (t he gimeigd &% @ systien ajodfsiel EToRMmsT FHVY Aot WPPFFPRA98; 2 he over al |
suction cycle fiuttionahahtd 35 incysed afikmpriductith; bh @nprbved Shetivia @létnea 0 about 40
cycles/mn. at %egee;algaglgg ?:Eédf&%%fé@hn@kﬁ%@ that for a | ower vacuum applied
there is an inctease In the nunber of cycles. In general, this program is
i ntended to provi deAdnathetdr opreating ¢ breestpnp fe p sqie pi pditap@peerding taret hod f or
operating a br efspiNernvédtios bonpises 0HhE8E @ebubt@f Yic@iInDwitth 4 e 8888y 15 in m Ik

out put according ta.th esent 1 nvent| Q i Ses rati he punp at a
rapi d cyclical %3 tgogrﬁgﬁ@?g?%g?wo )tgl%%tq}?zs%fg cgy! @Fé&eot?ﬁ?ﬁéc?ﬁm\r}ng‘fhtle a negative
pressure in10t hemylaprgeshorandigote ool wetispcwite Fo0 ahevHg? crrleiminneitthod f urt her
pref eri':lb! y i nﬁl 1&e Facitum ?&iﬁ&ﬁ4gfc§loﬁ§/trﬂtﬁ@ﬁh@§ﬂéit&dv£1¥um\/&fcﬂlﬂm_ﬁp_mlchv&a':] ion, such
as applying the vacuum far -about t.ep secon acuum..With then a two
second pause. 2GRNt azpled e it ibrcasc i e RIS Sthycls, toestrel sychropton 00 ot
anot her aspect intanégd to yropjdegdowshpegilovasrumsevsr ajenesrickds- t he vacuumwithin a
range of about 100 QAtrwholl &R Speratiny @brdattphmp @hickid tinsiddpéd 16kl arf inbreas@r eat est
vacuum, while similtaneousl.y varyin he. overal | suction cycle from about
47 eyel e/ it Piafth nBRGRRne o oA Do DU bR orBiG RH Sl £ | P11
| east vacuum sHeif cydied rafen the qrdsyiet aboutdge) priclepiping. @b o Regpdve pressugAn 25 | ncr ease
in the nunber ofhe 8)M& o Sbouydotth atRuiCIss hinHeO Thio W@l frtheAlderab et £ ti al |y
builds to a peak.n Lve.nr [ hen hl I sure
i ncrease (Iless ﬁdé“geé‘tﬁ ?I\%h pg%ag‘%é&gﬁ?pﬁﬁ??% glrgrﬂo %%%pl%nﬁt%%ﬁéﬁmg?r%{’m%%t he
pressure i ncr eaesepndagf{vicuum,o¢ith then a BYR P04 Bie- on essential ly said initial
sl ope for the negat Avigetipd dorSdpérating @l B@SBump according to yet another aspect of the

invention comprises varying the vacnum within a range of about 100 (the least

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

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

cycles/min. at the least vacuum, such that for a lower vacuum applied there-is an

(o=

25 increase in the number of cycles, with a cycle following a curve which inilially 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  Thaving 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 (alr/milk) is
additionally provided. In one embodiment of this aspect of the invention, a



A still further aspect of the present invention is a unique breastpunp
assenbly 30 having features including: a conpact housing design and
breastshield carrying casing; and a double-di aphragm punpi ng nechanism A
prophyl acti gygl@wkse for protecting the di aphragm from feleyisshofsstsy / M 1K) is
additionally provided. In one enbodi nent of this aspect of the invention, a
WO 01/ 47577 PCTNS00/ 42659 -5 di aphragm punp for a breastpunp conprises

a.shell having a generally hem spherical interior shape with a flexible
menbrane novable within the hem spheric& shape to expand and contract a
vol une created in a chanber defined between the nenbrane and the shell. A

mechani sm connedig@ehgneunp &r abrtsipane somprissh a.shell havingle lsenerallnipmésphetitt 5 menbr ane
\t,vﬁ eﬁ pand and Cagkbohipetiia avaxt wm&nem&am&vabls w&ﬁ@;niedelsmpuarl&hﬁahhel | | through
ich air noves jn response to ex |on ractio e vol une,
such that vacufRies E%m%%&’r'ﬁlﬁm% gmg?’ea?g?cg%e%?e& ?S'EP € connecti on
to the port. A peefevsagl yﬁmliml-'édcomeem Elﬂ@wb@m isush ppeprilerdmires theen t he
shel | and the mﬂmri@e)?mmahudoﬁelcﬁﬁeemumaeArpamrp%ﬁeélwmsﬁeil% hen The cover
is renovable for at ast one of clean (éltl;ld gﬂ‘SpO{S %o t hat end,
the flexible menbrane™RES ht D?Séu hPEFERT PA TR USRI Eh PHéover s
recei ved over tM@umﬁmbﬂ'Mmhledtddtmmeaamneldﬁlmmhmaﬁne@pehlﬂmgorﬁ'»ef| ned therein

sized to enconpass tmen{ovdmyvmwtea Iﬂ@zﬂlﬁ@\fﬁf‘ér ﬁqauate@@etw&a tﬂé"ﬁmlﬁ I im0 @

substantial ly al rt ht fi t he cove as bet ween t he
rimand shell. a\f'é“’@)f’f H‘Feh ‘“’E‘ %‘Bu "?réﬁ‘fﬁ?“’;l]ﬁ
addi tional | yio 1an9rowpﬂsldamral 4nd wiispgpale x i@ tist Ewin ﬂufﬂmbte menbmerhas he menbr ane

and cover. Yet gRahRehts hﬁmp&i VR hPSNEGS reQved BR: ms BiRE Ahe iBYRRALHON 1S
considered to be a , nanuall erateqd control,. such gja r ot ar knob, which

s Used to si mufieRLIENS ok e R eI VR M e R At ot o wi ¢ hi n
a sequence. | n binthsrigdpeabstayfially hieight fity Brtepenthertiydorgig ¢ paslkmbebfon he” and

fspeed( are tm') eetmtéaa%aénermoﬂe.?@ #aM%&t%ﬂung%xﬁﬁéhQﬂefﬂbxﬁbrm@?s @1&&3 suct i 03
orce (vacuum is .ncrease or e rate cle) is decrease
as the vacudm i &8 %r”élﬁg’@ﬁe’mf‘ @@8{%&"81%%'5%‘@%“ "f‘ﬁ‘&’%% ‘and ot her features
and advant ages of ttY@twOﬂ,lsre&lﬁnlﬁmWeﬂn@qteﬁthv\mmnmvenﬁqum trasidepdde be ood and

appreci ated wheg, bidated dodtddl, siRh @l hQ&m&%&th}miﬂPishﬁéﬁ' tH Simufl@baikil, ed
description of e&rbsg) i ments, of the |nvent|%:_L ta en |n con;puncl;lon with the

25 drawings, in FOR: B BRI SR BTN

invention, the suction “force” and “speed” are tied togeﬂ1er in an mverse 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 aspects of the present invention;
FIG. 2 is a 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;



FIG | is a front perspective view of a breastpunp assenbly made in
accordance with aspects of the present invention; FIG 2 is a side
el evational view of the breasipunmp of FIG 1; 30 FIG 3 is a rear

perspective wd @@t the breastpunp of FIG 1; FIG 4 iscRuRehsRective view
of the breastpunp of FIG 1 |ooking at the bottom WD 01/47577

PCT/ US00/ 42639 - 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 | adjacent the bottom highlighting the program
card insert slot; 5 FIG 7 is a bottom perspective view of the breastpunp

of FIG | showing [BEG.t5eks\e B VRAQE RN breasiolrip 8F FI6. @ vaMnEwha@tremovad oded
assenbly view o ae=VHa) onents of the breastpunp of FIGS. | through
i di fiﬁeé%ﬁ%odq%co%ne or the di arghr agm punp assenbly; 10 FIG 9 is

5 with a np ggg , ne !
a diagramatic repr &5eft e Gplargd fidrevievh picthe brepstiume pE 5igk il sdigeentctbponent s

W t h the cont r obdtiem highlipgiing ik prapragn casididensdtj c-t ype representation of a data

storage and getriev : fgg% [ ofdance with the
present invention; %#G(g.% %tcb%téﬁ? Eﬁ%ﬁcu?%%g?g’fglfgrbl 0 S&Préj?ﬁg(%s SE‘%"H?%/es) for
operating the YSHAEIEMSEHD to differing ends; FIG 15 is .a front
perspective view of FEN@tiswEomerHansbi®atassahblpyvid¥ AR Pompasag othy Made in

accordance with t t i pvent. on: .. Fl 16 is.a.rear perspective
view of the FI G %Eﬁlg%%for‘g‘lfssﬁéﬁﬁ?uggl @ﬁhyn?déézeg%g 8%{/\%&@ @?%Taﬁragﬂ“passerrbl y
view of the maj &¥™®¥kponents of 20 yet another breastpump nade in

accordance whth theFm.esaata tiagt@mhitio Nieprésti@tiod &fithe aier@RbR 60 Qkiohs ONnt

perspective vie - ive of the breastpunp of FIG17 ; FIG 19
is aview siml %ﬁgrgs?ﬁ'é@%?&lf% 18 but froma top perspective; FIG 20

is an enl arged assefH¥ 0 @gcksmaticigpedieppisrtaiigmop a2 rioskamdsiericab FI G 21(a)
i S @& Cross-sect prottadthavtaaBe efect:din aassabhRthdiraph hagmpunp of FI G
FIGS. 11 through 14 are various methods (curves) fdr operating the
15 breastpump to differing ends;
FIG. 15 is a front perspective view of another embodiment of a breastpump
assembly made in accordance with aspects of the invention;
FIG. 16 is a rear perspective view of the FIG. 15 embodiment;
FIG. 17 is a somewhat exploded assembly view of the major components of
20  yetanother breastpump meade in accordance with the prescat 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 assemblcd diaphragm pump of FIG.
20; i
FIG. 21(c) is a top view of the assembled diaphragm pump of FIG. 20;
30 FIG. 22 is a sectional view of the assembled breastpump of FIG. 17 taken
through the middle of the breastpump along its long lateral axis (side to side) looking
rearwardly;



20; FIG 21(b) in an elevational view of the assenbl ed di aphragm punp of
PG 20; FIG 21(c) is atop view of the assenbl ed di aphragm punp of FIG
20; 30 FIG 22 is a sectional view of the assenbled breastpunp of FIG 17
taken throwm@lifser m ddl e of the breastpunp along itsebfogokmiseral axis
(side to side) looking rearwardly; WO 01/47577 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 bekind the electric notor |ooking back
to front. 5 DETAILED DESCRI PTI ON OF EMBODI MENTS OF TUE | NVENTI ON The

Br east punp Assenbl yFlRef2a1is & segtitnel FevGSimildr 1o habefgfiG723 rkeniabhg w plage br east punp
assenbl y of thefop,pagﬁ,e{mhatéﬂjummlagm in one form has an aesthetically

pl easi ng and conpac The housi f.or r conponents of the
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affixed a carryirpopredd ?sge d,I n this first enbodiment, carrying handle 12
or e

has a pair of cradl es 15 in 15 r%ﬁ)POSI te ends thereof These cradl es
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as breast punps) i = ent No.
4,964, 851 and 4f0{iﬁl€m Dr&aﬁ?o&e}{?ﬁfs?g%%bﬁgﬂ?t r{dlgztﬁgl re ahdmﬁg{the

br east shi el d% 1¢%y%§‘°8bt‘%11i‘aﬁééefteﬁ%ﬁ}wliiaéf”@?séﬁ@én flﬁ“gt‘ﬁﬁg"écab%l‘fsent s, but
wi |1l be 20 om t yielding e rpirsingsimuvotd cuhegllwketmthewasufgeateumemmaspxglmtlsl n thi S

appl i cation areqnoj ats&%gﬁér@aﬁw?mg‘ahmﬁg mﬂ&@maﬁéaﬁ&w so long

as it is swtabl}atla1 to t task o ression n gener ovvever, t he
breast shi el ds 17#8&& t he af orenentioned funnel portion 16 whi ch
conmmuni cates w t h céndlisifitst shhotiokaty @myinyasdd 12thgs 4 piraf aatldsad foemed in

15  opposile ends thercof. These cradlss 15 are adapled to 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.
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 fo the task of
milk expression.

In general, however, the breastshields 17 have the aforementloned funnel
portion 16 which communicates with conduit structure connecting to a container

25  (bottle) 18. This particular breastshield 17 is adapted for both manual as well as
motorized pumping. Tt has a collar 20 to which a manuatly-driven piston pump (not

shown) is screw-threaded for attachment and use in one mode of operation. When an
electrically operated vacuum pump is to be employed, there is a port provided inside
of the collar 20 which is in communication with the funnel portion, and to which a
30 tube from the vacuum pump i5 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 breastshield 17 is placed on the breast for drawing vacuum



25 (bottle) 18. This particular breastshield 17 is adapted for both manual
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housi ng, which her | gid shells 24 for the diaphragns 34 as
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FIG. 17 shows yet another version of a breastpump of the present invention

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

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

30  engages the outside of belt 27a, producing more surface engagement by the belt 272
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
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of the nmotor shaft, 29 direetiqn. RedustigDn.deari i s.th i ned as
desired through ?32% appro _r‘?.ate geﬁe_ct ?%lﬁu o}sggt é“‘“&g‘?‘.”gﬁﬁ‘sf"f’g%%?g \%/neel S noted
above. motor shaft 29 direction. » Reduction gearing is thus obtained as desired through

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

The location of the shafts 74a, 74b along the path of travel, as well as the
length of the stroke, is measured by position sensing mechanism 78, which can be of
any standard and well known variety., This sensing mechanism 78 uses a toothed
wheel 78a mounted to the shaft 29 of motor 28, which is registered by counter 78b.

25 Bignals 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,
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of f. -The Function ?‘ng’g a{ly“m%dgc"f’:;honafrf tl\}lgeshl Hl & 101?&98]? qa«-:}'x gfior of the
casing 10 is a miplatieyn byptom 49, apd a program card slot 50 (the let-down sequence and

20  programmahble aspects will also be discussed in more detail below). Milk-let down

button 49 is used to activate a pre-programmed suction sequence (embodied in
components to be hereinafier described) particularly adapted for let-down and
stimulate the milk ejection reflex. The slot 50 provides the inferface access for
programming cards used with the breastpump of this invention.

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

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

30  top of the casing 10. A cover 35 (also 35" and 35" (again, primed numbers being
substantially similar to their un-primed counterparts)) is provided which fits over the
well and is generally flush with the upper housing part 11. The outlets 31 extend
through relieved areas in the cover 35, for example, for easy access in use.
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additionally an advantage IX rQvi ormfit over the
di aphragnms 34 ait’pa sqng.éqa&fl a3 e-eﬂ? es but er, are likewise fluid-impervious
Referring to FIGS. 20 and 21(a) through 21(c) in particular, each of the covers

20 36 has an upturned cuff 87 which forms an annular well around the perimeter of the
cover 36. A pair of circumferential beads 88 and 89, which are slightly offset
vertically from each other, are formed along the bottom area of the annular well.
Uppermost bead 88 engages in an annular rim channel 90 formed along the bottom
outside of shell 24°, for a substantially airtight engagement between the protective

26 cover 36 and the shell.

An interior channel 93 is formed within the interior bottom of the cover 36 by
a bead 91 and shoulder 92, which each run circumferentially around the cover. This
interior channel 93 is received on a slightly protruding edge or rim on the collar 85 of
the membrane 34. An airtight fit is thus provided between the protective cover 36 and

30  the membrane 34, which also serves to releasably fix the shell 24 in place over the
membrane 34, and complete the diaphragm pump 30.

Note also that & one-way valve 95 is provided in the membrane 34, which
communicates with the possible space that may form between the membrane 34 and
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programmed chip card is inserted into the slot 50 in the back of the casing 10, where it
20  engages an interface fo the microprocessor. The partienlar 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 can also control power management.

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

30 One embodiment contemplated provides a milk let-down sequence (milk
ejection reflex) that can be engaged without need of a chip card for the same. The
milk let-down sequence (described below) is pre-programmed in the microprocessor
60, or may otherwise be wired into the circuitry in a manner to override the then-



15 anot her. These provi de about 16K of nenory, which is considered
presently sufficient. The- prograns (sone exanples of which are descri bed
hereafter) are recorded in a conventional manner, and would be provided to
the not her kRpAMHP use. The programmed chip card is ppHeb@Msd NtO 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 comunicated to the mcroprocessor 60. M croprocessor 60 is

integrated with the drive unit 25 to ef#ect operation of the drive unit in
accordance wth the selected program draw ng upon either the AC power
source as convesdisiog enertingsirematinr Whencibh motheygigsiten todaz4ge ik seqipsel she 68 in FIG
9), or from theplals @& Yutfh UHC QhidP prodao'és THCseAdsCAORERRASERS, &0wc@d al so

control power mana enment orce. ( the anount of negative
pressure gener al¥ roﬁﬁsf"Fﬁq 3‘5?% °Wpr°§?§65tﬁeggg§wustabl e by the user via

operation of the rotitarilybexsiily pideigesihat 8 chip argolt ie But ORfIVAY & Proeant 8 set  r ange

for the sucti Onmicgfpfb@eswr kd. aredp &%e&%&oxﬁdﬁgnﬂ@i bl addfordde@vitd@dudng t he
program as an |w&Lal 'Ett'chn%t mgjaust msntumé{e t‘[;_emugnre"{l dtﬂer after via

t he knob 45. 30 AB0d R At con'tI g A B ovi Hel g Mk ™ et down
sequence (m |k mar@otcésesn 6. eih@wycpmuléhmrbedeéwacwtﬁ@momed of a chip

card for the sapgyd pEfoviddd tfbufttla éﬂa@ﬁ‘%m&ﬁﬁlﬁﬁlﬂgﬁch(aﬁl@%ﬁﬁéub%ﬂoph@&hpw} is

pre- programred i n the m croprocessor 60, or nmay otherwi se be wired into
the circuitry i A% K&nner to override the then WD 01/47577 PCTI USOQ 42659
-13 exi stingooper at iDag cpr dgrtenzcoidéely thdwaicropiotresor fhe dpwnbsditgordagige t hi s

sequence, she ﬂfﬁe%&ep%mtdh@aﬁ%ﬂmso%@duawﬁ&r&aeﬂms@:ﬁp@am Fsleimcan

el ectrical signal, as roce sor t do ogr amis
then ef f ect ed. SWtF’PplﬂﬁittFaéﬁ’Gls'I‘“g"@p BBﬁhct“}%ﬁ‘fhﬂg"%’hlebﬁ is but one
way to program tddeced B aegrEEpr ﬁ@eseswpce@@ld @erhieer proormupted nﬁahrsmmomndi be used,

such as nore deg.GRER Wi héHhve d uli@inPittibOfont e p ryS&hinibcent 3chedat € a gi ven
sequence pre progmglmged into the mcroprocessor 60. A nuneric pad could be
‘0

provi ded to! g de. The prograns could be provided through an
el ectronic data | i niRefegring mova s> EFIGbY ¢heychip card 14 wigh breastowmp operetivadeik se. 10 Dat a

tCﬁn alhso be a eC Yefsflis B¥n Peb@ﬁdmnﬁ%aﬁﬂlﬁ %e’és?i@&atfo?f 651%9@61&%9&@#&13& anszI er - to
e cnli car recor 0] chni car or
P | 3?2;%}# g:r?.pﬁog{ngﬂc}{ hilfc ctoﬂgge 7% Il(S used to sfer ttr}e 5 to one o?

i nstance,- it 1" hg lon Of a parflcular
child coul d be wrattrdadailalelmedia, such as CD, floppy dlsk, 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)
1t can thus be seen ‘that 2 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 refetred to by Medela, Inc. as the “Standard
Classic Program™. This is & method for operaiing 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.



reduced to a sequence. That sequence could then be programmed into the
punp, and the nother would then have a suckling action fromthe punp very
rem ni scent of her 15 own child. Referring nowto FIG 10, the chip card
61 a with breasttunp operation data thereon is then read (downl oaded) at
a "card stafiM¥™85, shown here as a card reader 76 FFHR¥¥Y a conputer
77 The conputer 77 is used to transfer the data to one of a variety of
avai |l abl e nedia, such as CD, floppy disk, etc. for physical transfer to a
20 research or data nonitoring facility, here indicated at 80. The data
could also sinply be transferred via nodem through an Internet interface.

The New Expression M@i N9 Gfusteabey GIh&Sdan Ik 16 &sml&vb%ﬁ%ﬂmle bBglma variety of

di fferent suctlo y Se es d with the sane
breast punp equi Q‘r?@nf‘“""}f\‘ﬁa“s"“‘ﬁgft‘gqgf“ ;ﬁ%‘e tbfe% ;48? D<€ fhat such

cycle coul d repressdhtedecehisr baws S0 mndlg, anfjthe W@&gwﬂ%cycllﬁll@xte&dkd if or instance,
is what is ref ed!nﬁ'eﬁ& e, ﬁ)(n Mededrayoul Myclékﬁmﬁ h@aboﬁt@.nﬂéiradowaQbaaﬁﬁi c Progrant.
This is aing fegr at] NGc3 ; br east puy roq 1ﬁseﬁln . devel oped which
i s consi dered t POTOvI de & general —opt i nal suc on Ve TER NI scent  of an
infant's nor nal %VGYPKI‘?‘TT@ is %d’@ﬁ‘“a%‘d;ﬂe'ﬁ\?‘i thetpapsprptiel witts the CERSSIES"  br east punp
30 sold by Medepragram éfG. IAs i ndicated in the graph of FIG 11, negative

pressure 15 A ong  bioes a8 Sncialall kL LIRLE! Sl IBUGHE Kk @ided | (10

seconds) al ong the Xx-axis cyCles are fixed
at about 47 per ek andnerepssdn mikyppt. ‘séstfd?tr‘?gEﬁ‘i‘ﬂ‘qtgngﬁfe‘ﬁéPﬂFqth“ﬁﬂ] ust abl e

bet ween aboud 1&ghldr punidretsionsibkdraniiidg a dANOIAAis dethol /ihdUchlipdbipid opetted - 14 FI G
12 illustrates whal,£30 cﬁ%éﬁxrﬁg%ﬁde?&aﬁou@%c"m '}l&a?a%t?vﬁﬁggiu%ﬁ met hod.

I'n conparison to FIG % be seen t ower end of the vacuum
range is reducelft HPgiS ﬁf"aﬁ'ﬁ’"‘rﬁﬂlﬁa ot Wese‘c'f\’?%‘r"il"?“%étt"f‘éﬁ ¥ e is
extended i n dursagei @hg negative preskuroiniatht eugedf atalidia tto @but ¢§0cheidy. iVaee . t 0 about
40. For a Iowermyaéaaqmémaaepmedwlsﬁbu&.{y@rm&ga@meeptéib%%mévﬁw ncrease in
t he nunber %’Cbﬁ“’? In general, however, there is a slower and gentler
suction congare % the " CJ_ASSI C'" programof FIG 11. PIG 13 shows a
new met hod for oper $hpthgs beerpiermsd & pevviSupsipiciiogram” §os9pérafiog ebfeastwnpyi el d an

increase in mi Iisnmb&a&atnme. lihh&aduﬁm?anﬁydf%’oﬁmoﬁ hﬁbomf@hﬁmlﬁaxaﬂﬁa{ i ed between

I):'gag tegﬂ ll’fgr ng n&ostaesv% ayc es §aen¥u?gr &ou@?toabou?% per mmu I'I‘Ee Q;Ee mg and the

the vacuum are tied, such that as, for instance, the cycles decrease, the amount of

20  vacuum increases, ie., there is an inverse relationship. It will be noted that this
program differs from the “CLASSIC” program above in part through a sequence that
initially reaches a peak negative pressure, then smoothly starts a pressure increase
(less negative) along a similar (although opposite) slope-to that of the negative
pressure build-up, but then slows the pressure increase briefly, before continuing on

25 essentially the initial slope for the negative pressure release. A milk let-down
sequence is also incorporated in this “Superior Program,” and utilizes a vacuum range
of about 50 to about 150 mmHg, with cycles ranging between about 80 o about 160
per minute.

Thus, while the invention has been described herein with relation to certain

30  embodimenis and applications, those with skill in this art will recognize changes,
modifications, alterations and the like which still come within the spirit of the
inventive concept, and such are intended to be included within the scope of the
invention as expressed in the following claims.



at a rapid cyclical rate on the order of about 120 cycles/mn., preferably
wth 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 inset of FIG 13
showing the rapidity and steep slopes of the vacuum 15 application. Wat
has been terned a new "Superior Programi for operating a breastpunp is
illustrated in PIG 14. A vacuumrange of about 100 to about 250 mrHg has
been cN3®NM7STRi th cycl es ranging from about 47 topeabosiy/a?89 per ninute. The
cycle rate and the vacuumare tied, such that as, for instance, the cycles
decrease, the anount of 20 vacuum i ndfeases, i.e., there is an inverse

rel ati onshi I i | noted that this programdiffers fromthe

"CLASSI C' pﬁgg?gﬁﬁ%ﬁgﬁgfﬁh part through a sequence that initially reaches
a peak negativelpr egsalpunlphbhpraBot hly starts a pressure increase (less
negative) along a sim . ugh opRposi t. | ope, to that of the negative
pressure buil d-up, %)dmte!'st?s h‘ggﬁ%}ingﬁggﬁu "e‘%%r'ne‘ghs'cl?')raters‘”ll'sP afté’téfég')"bal"isgfeﬁ’ 5 pefore
continuing on 25 es&&ihal |y the initial slope for the negative pressure

rel ease. A ml Kk | et ap@wire soufc@ thtSkfEnidaBonddith@aid ﬂ@ﬂfsﬂgﬂﬁﬁl@d in this "Superior
Program " and utilizes. a.vacuur 2%93%% of about 50 to about 150 mmHg, with
t

a Mechanisim oper U SOMES o Rpasree st Itst wmillpefden while the

cycl es rangi ng bet ween abou
i nventi on has been #ewewi bed herein with relation to certain 30

enbodi ment s and apphdaGadthe® Ruentd iR fen¥rdnlsafildedownisddudnll. s art will recogni ze
changes, nodifications, alterations and the |like which still conme within

the spirit of the TRwWeAipwe € ORREPIhereartald Mdmbnia s h Aberdee t o be incl uded
within the scope of the invention as expressed in the followi ng clainms. W

01/ 47577 PCT/ UszOO’ 4'?@5)_9&?%11!% oY\t 3 rorthee Meliih) 4 c@?]t_ror-her, s%_idl}lﬁlﬂﬁ?ﬁxr{?%[ming ¢
conprising a ie avi.ng a rtion wthin ich at | east part of a
wonan' s bfr;be ast aiE Eﬁ{‘@@ eIV e r?mlgdéglﬁer"éeg g’ﬁ ?%erag'%sraﬁlé"olmﬁ\ﬁg%fn‘f?ﬁ ﬁ‘itsﬁ'ﬁt ion with said
br east shi el d; ar¥engespaiphleidenn sepvercaandapothen beingemelksxpresi@cuuere.t 0 produce at
|l east a mlk | etdown sequence and anot her sequence different fromsaid

| et down s equencie. The breastpump of Claim 2 further including a sequence selecting device, wherein

said letdown sequence is selectable by an operator.

5. A method for breast pumping comprising:
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;.
operating said source of pressure according to a milk letdown sequence, and then

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

20 6. The mothod for breast pumping of Claim 5 further including: ‘
providing a controller which is programmed to operate said source of pressure to produce at least

a milk letdown sequence and a milk expression sequence.

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

25 reflex.

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

frequency of about 80 to about 160 cycles per minute.



2. The breastpunp of Caiml wherein said nechanismhas a notor drive. 3.
The breastpunp of daim2 further including a controller, said controller
including 10 at |east two pre-programmed sequences for operating said
notor drive, one of said sequences being a | etdown sequence and anot her
being a m |k expression sequence. 4. The breastpunp of Caim2 further
i ncl udi ng a sequence sel ecting device, wherein said | etdown sequence is
sel ectabl e by an operator. 5. A nethod for breast punping conprising: 15
provi di iyo/#seast shi el d having a portion w thin wrcshisadak®ast part of a
woman's breast is received for the expression of mlk; providing a source
of pressure in comunication with theléhreastshield;, operating said source
of pressure according to a mlk | etdown sequence, and then operating said
source of pressbre dbewrtiedndClaimsg ong, kerax pﬂtﬁgsdmne@aquﬁasacunﬁaom&suﬂ'he
met hod for bamhaetmﬁmdagsoqim}g (GhiBut 58 MinkiBGha 4 RGhHL) BhouPiaQY WGl 2
controll er which rogrammed to operate said source of pressure to

cles er min : ;
produce at 1°E2EP 4%I k | etdown sequence and a m |k expression seguence.
7. An inproved breastpunp for the expression of nother's mlk, wherein the
i npr ovenent conpjisegbgmﬁﬁ@maahﬁg%Q5500|ated with the brcastpunp
speC|f|%aIIy adapt %e Qierd i n@lk I etdown 25 reflex. 8. The
breast pinp of O ai et '7““%H@FEPH BN s Bifash s seeiyed dordhe) ot down
sequence W th a vacuurrpreigsdmiékr angi ng bet ween about 50 nmmHg to about 150
mHg, and a frequesnecy of)\fac@mﬁlEonﬁgmﬁﬂlo@p%ld%ﬁegstﬁl}éﬁil 51% per mnute. WO
01/ 47577 PCT/ USOQ 42659 -16 9. The nethod of Clains'5 or 6, wherein said
| et down sequence ﬁ&gﬂﬁmWBEﬁﬂW?BFé@éﬁV%m“Pﬁﬁ&WHg betmeen about 50 mHg to
about 150 mmt 9, Iland ﬁm bl;'egg CoYcl:PIn l?ubrgler coEPnsmg ngral ?yd)tfﬁl kre CyCl es per

mnute. 10. A breasﬁp Mg a portion
wi thi n Wi cRregams g %“%V@%%t |s recelved for the expression of mlk; a

source of vacuup in .f:horgpltgglu(':natommm\gnw sal breastshield; and a
progranmabl e confroller for v fid éc‘ﬁfﬁﬁmsﬂ”"ﬁ‘ﬂée BPeast punp of claim

1 further c@HpPErdaepdis. 3¢ Eﬁ'%#rw‘);;u'bw fugfher eesprsiaes a media reader which

reads and inputs a program to said controller.

13. The breastpump of claim 3 wherein each program is recorded on a
15 separate card.

14, The breastpump of claim 2 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 1 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 6 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. T'he breastpump of claim 1 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 2 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 claim2 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 claim3 wherein each programis recorded
on a 15 separate card. 14. The breastpunp of claim2 wherein said prograns
are different sequences for varying at | east one of vacuum force and
vacuum cycl e according to an application curve. 15. The breastpunp of
claim1 further including a source of positive 20 pressure in conmuni cation

with saigohigast shield, and said programmable contr rther varies
said positive pressure source. 16. The breastpunp O?ITUSQ"W% wherein said

prograns are different sequences forywvarying at | east one of vacuum force,
positive pressure force and vacuum cycle according to an application

curve. 25 17. The br eﬁéﬂrastmmd&w‘mémsmmagmge'ik%ou%agmén means f or

gener ati ng isall.gzﬂi oper at 1 ng functions, and neans

cativ
for recording saﬁﬂle man" ha‘lp?a?egP“ti"&{“@”dr"éfq‘q 'E?Fé‘lp“mlfl?)‘“d Phfen BSfngast punp of
claim?2 V\heﬂévalrles;faﬂeleﬂ q@rg@gﬁmean@llerénm@m of mprggerl control l er, and further
including a progran1select|on mechani sm associ ated with said breastpunp
WO 01/ 47577 PCTFUSO0ASESRrmMPcamprEde: The breast punp of claim 9 wherein said
program3sel ect i on abeaktshividsaving Spodtion WBIS tvhiDMSwsmaAY Blchy is eRaveat ed but t on
located on said breast QiR expi@ls g“gghkon being actuable to send a signal to
said controller for selection o program 20. A breastpunp conprising: 5
a breastshield ha\?ls?ftj“d’fﬁﬁ‘f“ﬂ'BFP“W“E'H#HHV(M‘P@N%“WNHF\ s breast is received
for the expressi om ngthaiisih ki o@r8iogifaRIBodEe oy @Cii BedoFifpQsted cati on with said
breastshield; a nechang§@hj9r‘pperatlng sai d source of vacuum according to

1

a first sequence; and a controller for operating said source of vacuum
accor di r}a to a Se@dwﬂroller for operating said source of vacuum according to a secand

sequence.

21. The breastpump of claim 11 wherein said controller has a preset

program for said second sequence which is a milk letdown sequence.
22, The breastpump of claim 12 farther 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 14 further comprising a plurality of different

programs for said controller.

25. The breastpump of claim 15 wherein said programs are contained on
prerecorded media, and said improvement further comprises a media reader which

reads and inputs a pregram to said controller.

25 26. The breastpump of claim 16 wherein each program is recorded on 2
separate member.

27. The breastpump of claim 15 whercin said programs are different
sequences for varying at least one of vacuum force and vacuum cycle according to an

application curve.



sequence. 21. The breastpunp of claim 11l wherein said controller has a
preset programfor said second sequence which is a mlk | etdown sequence.
22. The breastpunp of claim 12 further conprising a plurality of different
15 prograns for said controller wherein each program has a different
sequence. 23. An inproved breastpunp for the expression of nother's mlKk,
the breastpunp having a nmechanismfor manipulating the breast to express
mlk therefrom wherein the inprovenent conprises a progranmabl e

control | ¥p0l/41575ai d nechani sm 20 24. The breast peapuséoeésai m 14 furt her
conprising a plurality of different prograns for said controller. 25. The
breast punp of claim 15 wherein said pSograns are contained on prerecorded
medi a, and sai d,§ npr t further rises a nme er which reads
and inputs a pr oag‘ram?t{eebrIFaq R l‘rvgengnsé'gn%ha"ﬁ'ﬂg“r%?réﬁ l{af)surrp of claim 16
wher ei n eacH‘Sb‘FEf‘g’r‘ &%"F%Pr?s%‘bf“ﬂ'éﬂdng%mmé'é‘tfai“a‘t"erfH'é‘FPbW'eS52'7' The brenst punp
of cl ai m 15 pauive pressu@aoudicepr ogr ans are different sequences for varying at

| east one of vacuum force and vacuum cycle according to an application
curve. WO 01/47577 PCT/US0O0/ 42659 -18 28. The breastpunp of claim14
wher ei n sai d mehani Stabrartewyol flsie |12 nhesein widpegrams atsfifferssi t | ve pressure, and

sai d pl’Cﬁgl’amblc&fﬁﬁﬂyfn@hﬂl@ﬁtoﬁwﬁﬂ&fmMﬁ:E |pﬁw§§ﬂeﬂureﬂ9§'aﬁd ve pressure source.
29. The breastgmnij) erein said prograns are different 5

sequences for. var clerfi'c':Or f“gl°ea£§'f’p"(‘5 &"8Y"*vacuum force, positive pressure force

and vacuum cycdoe acwbsuangm&pcafammamlra,&%luﬁﬂ FHENEror Qer ghg€ breastpunp of
claim 14 furI means fo ener a al 8%i ndi cative of

br east punp 5195 F‘W&vefg*ﬁﬁ%pﬁ'ﬂ‘é”e'ﬁ‘ﬁﬁfﬁ‘é‘ﬂ af"b'l"eaf‘ b’f"‘d’i“ '@Fsé'ﬁl d signals for
| at er retri elgndls forligrer3¢trievihe br east punp of clai m 15 wherein sai d prograns
are recorded in said controller, and said inprovenent further includes a
programi@el ecti O  nbkebaartarmpeE dHmil hrkeeringaidprogeamd atgreserdedio .

said controller, and said improvement further includes a program selection

mechanism associated with said breastpump.

32. The breastpump of claim 22 wherein said program selection
mechanism is at least one manually operated bution located on said breastpump, said

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

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

programming a breastpump to operate in accordance with said recording.

20 34, A method for breastpumping comprising:
providing a breastshield having a portion within which a woman’s breast is
received for the expression of milk;
providing a source of vaenum 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 25 further comprising providing a
plurality of different programs for said controller for varying said vacuum in

accordance with different sequences.



32. The breastpunp of claim 22 wherein said programselection nechanismis
at | east one manual ly 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 operating a breastpunp conprising the steps of:
recordi ng the suckling sequence of an infant in terns of at |east suction
force over time, and programm ng a breastpunp to operate in accordance with
said recording. 20 34. A nethod for breastpunping conprising: providing a
breastshield having a portion within which a wonan's breast is received
for the ¥QBVESEi on of milk; providing a source of VaTUSW4RESICcoNMUNI cation
with said breastsbield which is operated by a controller; and 25
progranm ng said controller to operaf'® said vacuumin a plurality of

di fferent ways. 35. The breast punpi ng nethod of claim25 further conprising
provi ding a ~ pl uifal i ThE PEspstpiimping mathed o8 plaig 24 prierpin paidspsamsaret r ol | er f or

varyi ng sai cpraviiediemprérecordad Ralig aiGaid biehstputh fdr@bicbhpiaqurages. WO 01/ 47577

PCT/ US00/ 42 - r in t hod of aim 26 wherein said
prograns ar géa%ﬁrr’é’?/{n%g% fgﬂﬁﬁgoén?g%%@%ggfpﬁgia?mgtf"ggﬁffg?ﬁlﬁlémﬁrhéﬁ t punp further
conpri ses a g tasaidantslie. t he nethod further conprising the step of

i nputti Eg a program hrouﬁqh said reader to said controller. 5 37. The

br east pdnpi ng et hod' SPRTRRS mehpdal elpip 22 yhoteipeashpragiimé  recorded on a
separ at e cargordgn aFiparalycaidst punpi ng net hod of claim 26 wherein said
progranms are different sequences for varying at |east one of vacuum force
and vacuum cycl €% actEPErTRIMPe BpthednSFlnipf rhgreiesaidpsosrarg 239, The

br east punpi diferrettstnyehegiforghaingn2&stiony df i@ punk fack wdlivagua cgur ce of  positive
pressure i N &y 46 abhiftioNtd. sai d breastshield, and further including the
step of programm ng said controller to vary said positive pressure source.
40. Theibr east pwapi Mhe BRhpRehpRE methal oMuAR 290N &1 M1k fsoRFcPGT aNB ar e

different sgauRngasl Aot vih diffebRlE «ff niAF HulliaLee: Positive
pressu step of programming said controller to vary said positive pressure source.

40. The breastpumping method of claim 30 wherein said programs are
different sequences for varying at least one of vacuum force, positive pressure force

15 and vacuum cycle according to an application curve.

41, The breastpump of claim 11 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 32 wherein said expansible chamber device is

a diaphragm pump.

43.  The breastpump of claim 33 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 brcastpump of claim 34 wherein said respective shafts are driven
in tandem.

45. A motor drive for a breastpump, comprising:



15 and vacuum cycl e according to an application curve. 41. The breastpunp
of claim 11 wherein said nechanismincludes an electric notor, said notor
having a reduction drive systemwith at |least first and second belts
conveyi ng notive power to a novabl e nenber of an expansi bl e chanber device
wherein a vacuumis generated. 20 42. The breastpunp of claim32 wherein
sai d expansi bl e chanber device is a diaphragm punp. 43. The breast punp of
claim 33 wherein there are two di aphragm punps, said di aphragm punps
havi ng aveen#iszine which is novable relative to a shelrlusoreasd said menbrane
bei ng connected to a respective shaft, each said shaft being nmounted 25 to
a respective belt for linear novement?with said respective belt. 44. The
brcast punp of claim 34 wherein said respective shafts are driven in
tandem 45. A not grmothrhyvingfagetary ofpeast punp, conprising: WO 01/ 47577

PCT/ 1JS00/ 42659 azamamadmtsmemnamnmgcaangrv@&.@;.ymwwaﬁmw@h jreduction drive
system communi cati ng Tﬁh rotan¥$out put wt | east first and

second bel ts conveyi ng rﬁ@ %8%%?“ ‘ﬁﬂ?@%?ﬂ”‘?ﬂ?&??“ﬁﬁ%put to a novabl e
menber of an expansi bl mtachatdotio 2 mieleaembdn ef aiexpassiblabatbi® | S gener at ed. 46
The noter drive of cIqkﬂhﬁﬁﬂggggﬁhmng@hgmmgxpan5|hIe chanmber device is a
di aphragm punp. 47. The breastpunp of claim 37 wherein there are two

di aphragm punps,,. sai d_di aphra havi ng a nenbrane which i s novabl e
relative to a shall, eHNgme bd@gghﬂwgﬁ§W§ﬁgsﬂ PRt Theteelrfo a respective
shaft, each“séhd"ﬁﬁwwwpbeing mounted to a respective belt for linear
novenment with said respective belt. 48. The breastpunp of claim 38 wherein
sai d respective‘ﬁhaftsn% rea9rivep ,ig tandem 15 20 25

. elaim 37

pump ¢ wherein there are two diaphragm pumps,
said diaphragm pumps having a membrane which is movable relative to a shell, each
10 said membrane being connected to a respective shaft, each said shaft being mounted

to a respective belt for linear movement with said respective belt,

48, The breastpump of claim 38 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 vacyum;
a mechanism for applying vacuum to said breastshield according to a curve
20 which varies the vacuum from a high point to a low point in a cycle;
a vacuum force adjustment device; and
a manually operated switch, said switch providing a rate control input to
said mechanism for applying vacuum and a vacuum control input to

said vacuum force adjustment device such that said vacuum foree is

25 varied with said rate.
50. The breastpump of claim 40 whereln sald switch is a rotary knob.
51. The breastpump of claim 41 wherein said breastpump includes a

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

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




49. A breastpunp conprising: a breastshield having a portion within which a
woman's breast is received for the expression of mlk; a source of vacuum
in communication with said breastshield; a nmotor drive for said source of
vacuum a nechani smfor applying vacuumto said breastshield according to a
curve which varies the vacuumfroma high point to a |low point in a cycle;
a vacuum force adjustnent device; and a nmanually operated switch, said
switch providing a rate control input to said nechanismfor applying
vacuum a¥e 0B47§dcuum control input to said vacuum fPorwsocadésast nent devi ce
such that said vacuumforce is varied with said rate. 50. The breastpunp
of claim40 wherein said switch is aHotary knob. 51. The breastpunp of
claim4l wherein said breastpunp includes a controller for said nechanism
and sai d vadathnsaiddneieviga rasaiediepre ditectiproprodugingla signbldgrivgreasingfsaidai d knob
produces a sitgfRle als@aSRhtheGANe@ln, €r Which varies with the position of said
WO 01/ 47577 PCT/ USO0/ 42659 -21 knob, said knob when rotated in one
direction producing a signal for increasing said rate while also

decr easi ng sai d acudimaculin Mnp3or.a bfeastpoupmemprisivg: f or a br east punp conpri si ng:
a source of vacuuBkouice@Pla@fumélr i ve for said source of vacuum a nechani sm
whi ch alters the Ievglrdof vac1|]1umfrom said source of vacuum and which

varies the rate of "WasINGUSHT f4%F PSR g a control ler, said control | er

providing a rate eonthegim priigultets gicdasl df varmpo iamissdioandoraadvenel control i nput

to said mechani sm suchanli Rftich vasidd tfle MRGHAMLADFRatoR; {@r | d inversely to said
rate. 53. The pu of lEI ai_an 43 wherein said controller is a manually
mani pul at ed rot argc??% F1» Seig) confriier BRaRRing? rate et ert it ei n rotati on of said

knob produces a si gnalmechanism and a level control input to said mechanism such that

10 said vacuum force is varied inversely to said rate.

53, The pump of claim 43 wherein said controller is a manually

manipulated rotary knab,

54, The pump of claim 44 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 vocuum) while simultancously varying the overall suction cycle
25 from about 25 cyeles/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

cycles.



which varies with the position of said knob, said knob when rotated in one
direction 15 producing a signal for increasing said rate while al so
decreasi ng said vacuum 55. A nethod for operating a breastpunp conpri sing
varying the amount of vacuumand its cycle according to the curve of FIG
12. 56. A nethod for operating a breastpunp conprising varying the anount
of vacuumand its cycle according to the curve of FIG 13. 20 57. A nethod
for operating a breastpunp conprising varying the amount of vacuumand its
cycl e acWOyd#Hmg7to the curve of FIG 14. 58. A net radnfsos4esper ating a

br east punp conprising varying the ameiat of vacuumw thin a range of from
about 20 mHg (the | east vacuum to about 250 mHg (the greatest vacuum
whi | e si nul t aneod%| yA methad forgpperaiing @ benapumpSwiRh is eohsidred teyidbad r om about 25

cyel es/ min. ftredsDf ok SAPRUmptRARgSpRal Gl&sh My & the |east
vacuum such thast for abl om%pr v%@uam&as%gpwepdﬁ?ﬁa }réeyc:ﬁga/]a{"rtleﬁ"rtl]gr ease in the

nunber of &I &P RFIFaF A iy v ith preppivy BISERA SEBOrangepLabBg SO et hod f or
operating a #pred$tmpukp which is considered to yield an "increase in mlKk
out put conprising operating said punp at a rapid cyclical rate on the

ordcr of_ about 120 cycles/mn., wth a negative pressure in the range of
about SO to aboth 1%'6)" pithag of clping ¥ furthepingludinggcpawse after edempdiod éfur t her i ncl udi ng
a pause aft emcuemapplipgion.od of vacuum application. 61. A nethod of operating
a breastpunp of claimb51 wherein said vacuum is applied fur about ten
seconds of vacuum wth then a two second pause. 62. A nethod for operating
a hreastpunp cofipri dimstodefiopirsize  hesasinume ofrlaint §1 whetehyisrid saemange of about 100
(the | east viaqipa)ort:Boulamstton@EDvAauing with fen Qe atddbaacuum) , while

si mul t aneously varying the overall suction cycle fromabout 78 cycles/mn.
at the least vacuumto about 47 cycles/mn, at the greatest vacuum such
that for a | owerSvacddthapier srevitingrchrenstingngaqmpnising emrgies ihmvdchien nunber of

cycl es, Wi t hvithin a0¥ie 6f ab&it L00\hE1GasEvaGuldiny B akddt $50 mimPlg{thadrba¥esPUi | dS t0 a peak
negative prqgaM%gwkaﬁ@u%goagg%%mgﬁigéﬁi%g%gé&éessure i ncrease (Iless

negative) along an Inltial s fromakout?hssure i ncrease
briefly, befe¢fiee/mingpfttherieastyacupm tombans it dyeldsimim, stthakréatestiva@mhmshape for t he

negati ve pr ams i & lowel va@SM applied there is an increase in the number of cyeles, with a
cycle following a curve which initially builds to a peak negative pressure, then
15 smoothly starts a pressure increase (Jess 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 49, 50 or 53 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 breastpumgp comprising:
a chamber defined by a shell and a member movable relative to said shell;

a mechanism connected to said movable memher which moves said
movable member to expand and contract a volume defined within
25 said chamber;
a port in said shell through which fluid moves in respon.e 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 clains 49, 50 or 53 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 nmechani smconnected to said novabl e nenmher which
noves said novable nenber to expand and contract a vol une defined within
said chanber; a port in said shell through which fluid noves in response to
expansi oWOdhd’s7tontracti on of said volunme; and a r ewrwseddysonount ed cover
bet ween said shell and said novabl e nenber isolating said novabl e nenber
fromfluid, said cover being renovab¥e for at |east one of cleaning and

di sposal WD 01/47577 PCT/ US00/ 42659 -23 65. The punp of claim55 wherein
saird cover is fl®&xi blkepudgof chireSSwhaysingdid edveriinfeSblewher ei n sai d novabl e
menber has a circunferential rim said cover being received over said rim
and sai d shel|l hées e pinntdrinialss opedh ag neillneshbtdes£i n si zed to enconpass

said rimw tchcuﬁ.ﬁérdnﬁmﬁ?'éa.mmfbéﬁh nSceQQl o%ép d F’llnnand Qauﬁsha}cj]assgnant ially airtight
fit, said cqver theref%?fornln a gasket between salrd rimand shell. 67.

The punp of "EFEHIPEEe FEPIRI i et traPseyPes Bidemuih soid Fare oeptshdi ng  t hr ough
sai d noviabl en saiditie in,a sslatadtialip hivigholit) saididvey tBoréba i inin® M gBket Ritwee et WEen sai d
novabl e mermigh alds s@l d cover nounted thereon. 10 68. The punp of claim55
wherein said punp 1s a diaphragm punp, said shell having a generally

hem spherical interior shape, said novable nenber being a flexible

menbr ane. 69. The. pUulppwip of tisini3s MBthertifudinga sidively RANExtén@ing di aphr agm punp,

sai 4 shel| et fodBRGLAKL Y G SRNGE Syl Gl hteopligpe, sald movabl e

menber being a_ 15 fl exi bl e nmenbrane. ragm punp for a
br east punp, S TEPH G said “E‘ﬁé‘l“?““f’fﬂmeﬁg“ a gener aI |y hemi spherical interior
shape;

10 68.  The pump of claim 55 wherein said pump is a diaphragm pump, said
shell having a generally hemispherical interior shape, said movable member being a

flexible membrane.

69, The pump of claim 38 wherein said pump is a dlaphragm pump, said
shell having a generally hemispherical interior shape, said movable member being a

15 flexible membrane.

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

defined 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 inn chanber defined between said 20 nenbrane and
shel | ; a mechani sm connected to said nmenbrane which noves said nmenbrane to
expand and contract said volume; a port in said shell through which air
noves in response to expansion and contraction of said volune; 25 a
renmovably nounted fl exi ble cover between said shell and said nenbrane

whi ch isol ates said nmenbrane fromfluid, said cover being renovable for at
| east ow® wWM70Yeani ng and di sposal, said flexi bl e PGHAURINERE havi ng a
circunferential rim said cover being received over said rim and said
shel | having an internal opening deffhed therein sized to enconpass said
rimwith said cover nounted on WD 01/47577 PCTI USOQ 42659 -24 said rimin
a substantial ly airti ghdrimijina sukstantiplly aiptight fitiveid etygr thesehyifrginga gasket bet ween
said rimand shell. 7Z%asthawlioa @ afdlsfdnm 61 further including a one-way
val ve extending through said novable nmenber, said valve allow ng
exhaustion of alj beiyean, Fali 1 HRKERRaNEIRR WG Rl eSEMimgOover mounted

t her eon.

through said movable member, said valve allowing exhaustion of air between said

movable member and said cover mounted thereon.



