WO 2006/ 032156 PCT/ CH2005/ 000529 Menbrane punp with air rel ease val ve
Technical field 5 The invention relates to a nethod for actuating a suction
punp with an air rel ease val ve according to the preanhl.e & claim1l
a suction pM®p 2006 032 15& rel ease val ve accormrﬁfq(quﬂa{ﬁﬁ e of
"patent clains 5 and 19, and a suction punp with a safety valve 10
according to the preanble of patent claim28. Prior art Suction punps are
known for a wide vari giehrefanel HuaRPhii®dl ia@RS rell@aReERalRey can preferably
be used in breast puffp devices tor punping off breast mIlk, or as drainage
punps for suctioning off body fluids. There are suction punps in closed
systens which at all 20 tinmes npeehhheakabfkehdr w thin the punp chanber
However, open punp systens are also known with an air release valve which
can be opened cyclically via an electromagnet. 25 The requirenents pl aced
on these Sud@thieonipwepsicmn rpaetiesul ap whemetieyd arfowsed tasthmsaste punps
are quite high.. _Th ; : PO Si , vat e sane
time, relat ?yglﬁosn%@ggﬁgﬁgﬁg Figiné%%%??aﬁgé 3?%?33? r%%mgtg% t hey
shoul d be aWreamdlzo dpepatenni chapnilnum maiditiamReandishoahd a8& easy to
clean. Summaiyf Qfsel N&dIRENtE QR 3B AL IS t hekef gre amieb) egt ehrlhe
i nvention to nake available a nethod for actua |ng a suction pu wth a
safety val v&€ladi§ too afgkel v aATAnt eSECEiRR i BAPuKptRhavSAd sy ¥Pd Veel ease
val ve, babh efcdridiase pey MHd g0 1200 @32keh RGHGH2005/ 000529 2 the

smal | est possi bl e design of the punp yet at the

Prior art

Suction pumps are known for a wide variety of
15 applications. However, they can preferably be used in
breast pump devices for pumping off breast milk, or as

drainage pumps for suctioning off body fluids.

There are suction pumps in closed systems which at all
20 times move the same air within the pump chamber.
However, open pump systems are also known with an air
release valve which can be opened cyclically via an

electromagnet.

25 The requirements placed on these suction pumps, in
particular when they are used as Dbreast pumps, are
quite high. They should be as powerful as possible
but, at the same time, relatively small. Particularly
in their use as breast pumps, they should be able to

30 operate with minimum maintenance and should be easy to

clean.

Summary of the invention

35 It 1s therefore an object of the invention to make
available a method for actuating a suction pump with a
safety wvalve, and to make available a suction pump

having an air release valve, both of these permitting



sane time allow ng short punp cycles. This object is achieved by a nethod
and by a suction 5 punp having the features of patent clains 1 and 5,

respectivewp. 2b0sybg2a86hod according to the inveed/eap0d8/8bhs26€! ease
body, which closes an air rel ease opening of 10 the air release valve, is

at first only partially lifted. In this way, a snmaller force is needed than
if the whole air release opening is freed in a single step. 15 The neans
I

. . p
for actuat FRE, FWRILEE5 cBPEFIPSR 199859y, ofhethai PUFRl ele B&dythan
therefore bamkessmpowelbuwlingndhean pufigschelamrde smaller. If an
el ectromagnet is used as such a neans, a relatively | owpower type can be
used. The reason is that, when pulling up or lifting the air 20 rel ease
body, the ®héet radnjegnet icancatiefredstbyappl yekt@ss dmd cbyt kansud¢t does at t he

end of the enent._ Thi ipitjiall vai |l able | ower.force, _hqgwever, is
sufficie%tpu é g&@%UI r & §ti§%%§u§ I%ﬁﬁpgﬁ?ﬁﬁF I¥??§m?hére?83e é/‘possible to
use a rel arespeygtsmaliy.and thus al so 25 i nexpensi ve el ectromagnet. Moreover,
the air release opening can be nade relatively large. This ensures a rapid
cancel l ation of the underpressure and, therefore, the desired functionality
of the punmpl! 3bh¥hempthpdeasdtryrdtagheso 120hey civsepeioni nidk. However, it

can al so 09@&@5§epﬂkkﬁﬁ|!Mh@&hadMHEé%ré%eaﬁﬁ~59ef8as§¥%b%%iw@'é&rﬂﬂe- The
first c¥cle rate is particularly suitable for stinmulation, the second one

for expt@sEhBn abF LreRASEH Y@1VEs | A2 pFef biFEl vaPTENtPHFC e et hod
according teftha. TAVeMisOwawnly anaklge abeaeofist heeadigd releaaser body is

at first remved tromthe aif release opening. A ¥0,2096/032156,

step.

15 The means for actuating, in particular for 1lifting, the
air release body can therefore be less powerful and can
thus be made smaller. If an electromagnet is used as
such a means, a relatively low-power type can be used.
The reason is that, when pulling up or lifting the air

20 release body, the electromagnet can at first apply less
force than it does at the end of the movement. This
initially available lower force, however, is sufficient
to free a relatively small opening. It is therefore
possible to use a relatively small and thus also

25 inexpensive electromagnet. Moreover, the air release
opening can be made relatively large. This ensures a
rapid cancellation of the underpressure and, therefore,

the desired functionality of the pump.

30 The pump easily reaches 120 cycles per minute. However,
it can also operate optimally at a cycle rate of 50-72
cycles per minute. The first cycle rate is particularly
suitable for stimulation, the second one for expression
of breast milk.

35 ]

In a preferred variant of the method according to the
invention, only an edge area of the air release body is

at first removed from the air release opening. A



-3 mnimal anount of force is needed if this edge area coincides with a
corner of the air release body. The air release body is preferably a
menbrane. Thwo 3o0bkfoBrgsé6f its edge area is nmade eawi/rEId03/00034% ed edge
-area is less thick than the rest of the menbrane. The air rel ease opening
is preferably polygonal, in particular %qUare or triangular. The nenbrane

t [ f er.abl I I, f bl. trianqular. 10 T it
casi er 11111 AGTOPhe TaRbr als, EoEGRNd | A Rin antBASsctii a6 t o

integrally feopiedidasi withaadcolmnercadfneédte rg mpire liesissormetted to an
armature of the lifting magnet. This connecting pin is preferably 15
situated in the edge area of the nenbrane that covers the air rel ease
openi ng. Howeher  athe HRkfRethe bodly also phefgesh fried wimehby ang sedhel ange,

in which CQSQiEEQngCQﬁﬂeﬁ$éngd@é”a&%aﬂQ&;aﬁé@@@@@s@%@*.ﬂﬁetﬁérlﬁ%k%a$e
opening but instead on this raised flange. 20 If the connecting pin is
desi gned so §89f0 B&amhAabtess rehatkvers the R e, the Mempsaserbl e to

OvVercome anyhpr oglliet irdi-daileat egeai ngssegblprdmladed, t Jaarapars., Errors in
the angle of the,el ectromagnet can al so be 25 conpensated. Good results were
achi eved usi H@‘rﬁchgﬁﬁecstci{"?ﬂf%i RTwht ERAREUE Y med Hent BGFRFPPSont 3 aFr

rel ease nmenbpapéeiabdeyopodiygbaane pie feiiadly Byrusmansr afrisirdwldre

t hi ckening of the material, has sufficient stiffness. It can be forned
thereon in a hinged manner. 30 However, in a sinple enbodi ment, the

el asticity offot permiwt evdsilenflt heliwgnpécttiheg npimbrsufd i cescbonaakeéngt

movabl e about il 3. A1 0L QLoAYLACKIENS ¢ 1} angt dera IPOdiaRAly, el r
rel ease body Ras a firfst §g'sub5|d|ary(ﬁbg€8%n a second subsidiary body. A
first and this connecting pin is connected to an armature of
the lifting magnet. This connecting pin is preferably
15 situated in the edge area of the membrane that covers
the air release opening. However, the membrane can also
be designed with a raised flange, in which case the
connecting pin 1is not arranged over the air release
opening but instead on this raised flange.
20
If the connecting pin is designed so as to be movable
relative to the membrane, it is possible to overcome
any production-related or assembly-related tolerances.
Errors in the angle of the electromagnet can also be
25 compensated. Good results were achieved using a
connecting pin which is formed integrally on an air
release membrane made of silicone and which, by means
of suitable thickening of the material, has sufficient
stiffness. It can be formed thereon in a hinged manner.
30 However, in a simple embodiment, the elasticity of the
material of the connecting pin suffices to make it

movable about its point of attachment.

In another embodiment, the air release body has a first
35 subsidiary body and a second subsidiary body. A first
subsidiary body closes the air release opening only
partially, since it has an air release channel which

creates a connection from the air release opening to



subsidiary body closes the air release opening only partially, since it has
an air release channel which creates a connection fromthe air rel ease

openi ng t ox¥0,8098%6932386 PCT/ Cli 2005/ 000529 4 pbhecfdbsbd6oo5Rs first
subsidiary body including the air release channel can be closed by a second

subsidiary body. Wien air is released? only the first subsidiary body is at

first lifted, or distanced from5 the air release_channel, such that only
part of thehgi cutsdideaseTlbbenfagsts suksddiiamie Bedvndrsdhsididary ®ody can

then al so herdi slarced fromidel suehnt ha ther okl e pair ar el Qasendpening is
now freed. In tgls second stage, the . second subsidia ¥ b dyaéan @referably-
be act uat eBWPEHALBF ¥t BPWi -t WAL #1F st SsubsieRss 'bBHg. é&ﬁ) £to this

enbodi ment subbedf hrgt bexgodigreat farsti dnethedy t brt e skiahded efwsen menbr ane
that can_b actuated in an. edge.area, . h he advant age t 1t.15 ensures
Ieaktigh?nggg ang th ??SSaFP?EgF$rIﬁuﬁﬁe%%ﬁ%eﬁniﬂhEﬁ“%?éﬁipﬁﬁﬂﬁ%%rensures
there i s noeleakegemdnitdye ipunpeedf f Thiel kseddrddir shbsiddaagt agedwf t he
abovenent i d odhnents, 4: i .y a t t he

menbr ane, ?gﬁ FEE? %3g§p%%08§%§?§%%§e§g§§{éﬁa ?ﬂ%ﬁgﬁf er {ﬁéLgﬁFl%idual

parts requitEdreanasherproiadbasr agucddeeds dee thd smaqhaztadrbe fitted,

the work ippMal veddin Sese®laRg HBayPWER | sréfspabeduerd.adtudteds a
further object of the invention to cieate a _suction punp which can be put

t oget het0 adCéBElYywakh pBesfhrat 8BPThiidasyjRedYis achi eved by a suction
punp having the features of patent claim19. The suction punp according to
the Inventéggpgggdantglrthis embodiment, the first embodiment
mentioned, with the air release membrane that can be
actuated in an edge area, has the advantage that it
15 ensures leaktightness and thus, particularly when used
in a breast pump, ensures there is no leakage of the

pumped-off milk.

A further advantage of the abovementioned embodiments,
20 particularly' as regards the use of the membrane, is
that no springs are needed, and the number of
individual parts required can therefore be reduced.
Since no spring has to be fitted, the work involved in
assembling the pump is also reduced.
25
It is a further object of the invention to create a
suction pump which can be put together as easily as

possible.

30 This object is achieved by a suction pump having the

features of patent claim 19.

The suction pump according to the invention has an air
release valve with an air release membrane, and this
35 air release membrane and a vacuum membrane used to
generate the vacuum are designed integrally in the form

of a common membrane plate.



release valve with an air rel ease nenbrane, and this 35 air rel ease

menbrane and a vacuum nenbrane used to generate the vacuum are desi gned
integral ly i ma 20060103216 a common nenbr ane pl at e. PO CHOG! HE006529

PCT/ CH2005/ 000529 5 Arranging the air rel ease val ve and the vacuum
menbrane on the sanme plate neans that these elenents are | ess expensive to

produce and a6 GasieY iR assenbleeaBe ! 0afr efr tad cabadimantyhe, pum

conpri ses an uppe using part, a mdd usi ng par ousi ng
part, wth aafenbhanéapeatielalirl Acpalsyetlpitat Bhpeenglaagdryedrbeth@sn t he

housi ng part $xpHss W@ WS ifbdiRANSand hate SoVErS € ef@mcan be formed on
the same 10 structural part. In particular, the vacuum nenbrane needed to

generate the underpressure, and the air release nenbrane needed to rapidly

cancel thes undes psLSSEFLed Canbbaihented thd egind | YomPrt 88s sane upgawict ur al
part. Control_flaps and val ve J‘C%%Ps can also 15 be forngd integrally on a
common st r uctAHE G MR Tt B B AT ot e iR BREEt PBagnefYE4n Doy red in

the sane hogsimg paith By dembdang tgieatpinpnintd seleralplaeselbsing

preferably five | ev the n er, of .individual _.parts.can.be reduced to a
i um ¢ hGUe S A o e e el chib S 70 T5r BRE A, ERETD) .
Thi s not onl yhegduceyasd oglermatihens¢ans o¢ t herpadp oasséhigl ysamet al so

mi ni m 2es 1 pNe,BhequaLhonsand  aggenblye £0sisr, 2% f Wddiein adiaghage of this
nmodul ar construction vvltﬁ several Tevels is that the punp can be cleaned by
si npl e flushinggded t keut ISAETAG S o the diusWerPressiusco  iansl | wdievi @&dal parts.

By virtue of Jhehaugembeadend nbk@dbhe opbsi GepPHPONRGRdeS Needrd. Such
sponges are 30 liced n the prior art Lo abord mik that has been
structural part. Control flaps and valve flaps can also
15 be formed integrally on a common structural part.
Electric motor and electromagnet can be secured in the
same housing part. By dividing the pump into several
levels, preferably five levels, the numpber of
individual parts can be reduced to a minimum without
20 having to give up the complexity of the pump assembly.
This not only reduces the outer dimensions of the pump
assembly, but also minimizes the production and

assembly costs.

25 A further advantage of this modular construction with
several levels 1s that the pump can be cleaned by
simple flushing, without having to be dismantled into
its individual parts. By virtue of the exhaust leading
to the outside, no sponge is needed. Such sponges are

30 used in the prior art to absorb milk that has been
sucked into the pump and also to attenuate mnoise.
However, they take up space in the pump and tend to

give rise to unpleasant odor.

35 This modular construction can also be used in a pump
that does not have the abovementioned air release valve

according to the invention.



sucked into the punp and also to attenuate noise. However, they take up
space in the punp and tend to give rise to unpleasant odor. 35 This nodul ar

constructi ogocafog)s92Psesused in a punp that doepchpenbhaus/bbes29
abovenenti oned air rel ease valve according to the invention. WO 2006/ 032156

PCT/ CH2005/ 000529 6 It is a further &bject of the invention to nake
avai l abl e a suction punp which has a safety valve and . which cannot be

i nactivat ediby 1$quid, FRRERRF tiRIeFt R Kk tRhatiheRrbedn kdkSto the
punp and hagvablastenul ahird tdiersumg hiviehj ecls i$ asheeyedabyea ULt i on punp
having the features of patent claim28 %0 he suction pqu according to i
the invent i BAIRRs @00k ePF VAIRRE WAHeh PYr st Btithe WRi dIF Ht a first
under pressuriel kandcmat h lased@ath Sisaggedhi ¢dhtopenReat pampsemodd has

under pressur e, Thf Lirs underpressure is quantitatively |ower than the
second. 1 %ﬁ?%m?m%-%?aégeﬁ%Sign of the safety valve ensures that mlk
cannot get as far as the second stage. Since the first stage opens even in

Lhe event ofnasVeR¥etld Ol adRYLALLOM ramdiae sieal HhdaLRsggsUng 11 will
still 20 open, in the event of clogging, when the erpressure 1s at a
hi gher | evefeatnaesigftpatapti alanmen®rgency situation. The second val ve
prevents the entire safety valve fromopening at too snall a deviation, but

it still opens reliably in an emergency situation, 25 This two-stage safety
val ve cahf af3® UGSk i PURHURFCAERENId0ES nbRehatRVEREI BoveHentd oned air
rel ease val ygfeegCohlivagwi@ht ke fiinwantsdg®rwhheh megehar agorstiiuaid on.

underpressure, and with a second stage which opens at a
second underpressure. The first underpressure 1is
quantitatively lower than the second.

15
This two-stage design of the safety valve ensures that
milk cannot get as far as the second stage. Since the
first stage opens even in the event of a very slight
deviation from the ideal underpressure, it will still

20 open, in the event of clogging, when the underpressure
is at a higher 1level, that is to say in an emergency
situation. The second valve prevents the entire safety
valve from opening at too small a deviation, but it
still opens reliably in an emergency situation.

25
This two-stage safety valve can also be used in a pump
that does not have the abovementioned air release valve

according to the invention or the modular construction.

30 The suction pump according to the invention can
therefore reduce the vacuum in a relatively short time
and without too much force. The pump according to the
invention is suitable for a wide wvariety of
applications. It 1is suitable in particular as a breast

35 pump for suctioning off breast milk and as a drainagev
pump for suctioning off body fluids. The pump assembly
according to the invention is suitable in particular

for use in a portable breast pump, as is described in



.30 The suction punp according to the invention can therefore reduce the
vacuumin a relatively short time and w thout too nmuch force. The punp
accordi ng towbheooispesntisen i s suitable for a w de pear/iceiao 0¥/ 0egEdd cati ons.
At is suitable in particular as a breast 35 punp for suctioning off breast
mlk and as a drainage punp for suctioning off body fluids. The punp
assenbly accordi,ng.to the invention is itable in particular for use in a
portabl & br oRSE HGHEATad i StaddeFoBE FiPMe D666 E647 L35 THoH /MU 000520 7
particular in still to be published PCT/CH 2004/ 000061. Further
- advant ageous .enhodi ment s are set_forih.i.n the _attached patent.clains. 5
i of descrt perontsr The s ie ShROelrbEs ahd crobr AL AnErEn i <
expl ai ned bekowacberdt petkasi slefimsr.eferred illustrative enbodi nents 10
“depicted ip the attached drawi ngs, in which: Figure 1 shows a perspective
view of the suction punp according to the invention w thout outer housing;
15 Figure 2 shows a vi eB%ef esaciRGPHh B AFRWRI® Figure 1 from
bel ow;, Figure 3 shows a | ongitudinal section through the 20 suction punp
according to Figure 1; Figure 4 shows an expl qded view of {he_ suction punp
accor di ng t o TEEg iR IEC 28 il €95 SREWE Y PerSFectd ve*Ri 2ot Rel6Wer
housi ng par bnof thee bBHgtiEONopunpraceerdingildubtgdtevel; embgdifeftshows a

view of a, gerbrane il ate QL Lhe, AYUEL, A0S AGEYIGI N0 to Figure 1 from

Figure 1 shows a perspective view of the suction pump

according to the invention without outer

housing;
15
Figure 2 shows a view of the suction pump according to
Figure 1 from below;
Figure 3 shows a longitudinal section through the
20 suction pump according to Figure 1;

Figure 4 shows an exploded view of the suction pump

according to Figure 1;

25 Figure 5 shows a perspective view of a lower housing
part of the suction pump according to Figure
1;

Figure 6 shows a view of a membrane plate of the
30 suction pump according to Figure 1 from

above;

Figure 7 shows a longitudinal section through the
membrane plate according to Figure 6;
35
Figure 8 shows an enlarged detail of the membrane

plate according to Figure 7;



above;

according to Figure 6; 35 Figure 8 shows an enl arged det ai

pl ate accorgl ngdey iAW 7; WO 2006/ 032156 PCT/@%%%E#éHéﬁ?%bog%?

shows a view into'a part of the upper housing part ‘from above;

Figure 7 shows a |l ongitudinal section through the nenbrane

pl ate

of the nenbrane

Figure 9

Igure 10

shows a view of a nmenbrane plate of th& -5 suction punp according to a
second enbodi ment from above; Figure 11 shows a |ongitudinal sect
t hrough t hé&igwarebrPaneshsiwet e acicor dimy td fRyuret 10he 10pPeyuheusdnghows an

enl arged detail of the feryraney,fjate according to Figure 11, and Figure 13
shows a | ongi tudinal “section through an air
the invention in a third enbodi nent. Enbodi nents of the invention 20 Figure

i on

15 rel ease unit according to

1 shows a SUGhiren INUEhAGEL0RAI §geli0 bhe ai Ml PIEtas IS suet able in
particular for a breast .punp device fo[.ﬁqugn of f hanan br.east
r

However, >t he punp i s ST ¥LIRUB ST

appPreat

dr ai nage punps for Zrawcibdosrd;ng off body fluids. Only the actua
assenbly is shown. This assenbly is usually arranged in an outer

The figure

accunul at or

its

10

15

20

25

30

35

m | K.

ofEPORIPeBLa il e for

punp
housi ng.

does not show this outer housing and the el ectronics 30 needed
f or actuat iFigitdee Jpurghows any kbrmggyudimrlageseaeams, fbroeghnpkbean

Figure 12 shows an enlarged detail of the membrane

plate according to Figure 11, and

Figure 13 shows a longitudinal section through an air
release unit according to the invention in a
third embodiment.

Embodiments of the invention

Figure 1 shows a suction pump according to the
invention, such as 1is suitable in particular for a
breast pump device for pumping off human breast milk.
However, the pump 1is also suitable for other
applications, for example for drainage pumps for

suctioning off body fluids.

Only the actual pump assembly is shown. This assembly
is wusually arranged in an outer housing. The figure
does not show this outer housing and the electronics
needed for actuating the pump, or any energy storage

means, for example an accumulator or battery.

The pump has an extremely compact structure. One of its
largest elements is an electric motor 1. It also has an
upper housing part 2, a middle housing part 4 and a
lower housing part 6, which can be plugged together. An
attachment part 7 is also provided which is a component

part of these housing parts or, as is the case here, is

or batternyemm%eom&asacac%r@&tf{ge@ *i%qlr%aclto;structure. One of

*



1argest elements is an electric notor 1. It also has an 35 upper housing
part 2, a mddle housing part 4 and a | ower housing part 6, which can be

pl ugged t ogewoe2.004 032atsachment part 7 is al so pr edmjeriado $H0 06529
conmponent part of these housing parts or, as is the case here, is WO

2006/ 032156 PCT/ CH2005/ 000529 9 plugge% onto them On the attachnent part
7, there is ag Iea one &reast shield attachnent piece 70 on which a
connecting t & 899 S DrEELY shield can be plugged. The attachnent part 7
al so conprises an exhaust 71. This exhaust 71 also [|eads out of the outer

- housi ng. An r eﬁs,ngc gﬂ}@émf al otr r..housi ng,
and spacer e}nements are al sp_ ]pz)‘r?egéntsc(?le%]e lssugdcﬂ;?h%ée)t?r]eéﬂg %ne%(?tb race
t he punp assédiilefd rﬂ?@@t@@?ﬁt@léﬁeoﬂ%roﬂhow@ﬁb d reeriedchingy tubst

i bratlon55C%%n%t kb@eaté@@m&i@dcaﬂdbea ﬁl%{% enfhéogﬂéabﬂﬁehat @Rl S
ensured. It will_ be seen fromFigure 2 e individual 15 attachnents

70, 71, 72 are ¥iMeEPBBTVFES| I vPUharStchannef s o edh@YsStdi U d@alSCar eas of
the punp. The_ela@@gldmﬂl@ial tE@CthBrSh@mﬂlr@ Firgurei 3 tbrexgh E:Ihannléunp, now
wi t hout not or, hows thagﬂﬁhe p ng spite q&ﬁ}S conpac design, is

di vided into @hr 9 Ry %9$ngﬁ @h& e Tt Hiths: @ pﬁﬁﬁc it P, an
air rel ease elrirlen¥ santh arriaamgmb betreeentt. heses apsaéetyeletmrtt§. 78he
structure18f th% p%%% ca% égséﬁ%feen f£0£1 an oggrvheglg Fgﬁuges 3 and 4.
25 The pufp OACESP ¢t M Ees STYRLIM Tehbr 31" And® PHIEE ARESSUAI et
control fIap3n5Budﬁ2aMwaM1thagnﬂihwatywma tahmot apel budhemnibpedi agd 62, 63
and with a pum, (Gaqer open ”Q_éfé%l?ﬁ%ro‘?ﬁtl% repRecti on between a punp 30

chanmber 43 and a vacuum channe € vacuum nenbrane

It will be seen from Figure 2 how the individual
15 attachments 70, 71, 72 are connected via individual

channels to the individual areas of the pump.

The longitudinal section shown in Figure 3 through the
pump, now without motor 1, shows that the pump, despite
20 its compact design, 1s divided into three clearly
distinguishable function areas: a pump unit P, an air
release unit V and, arranged between these, a safety
unit S. The structure of the pump can best be seen from
an overview of Figures 3-and 4.
25
The pump unit P comprises a vacuum membrane 31 and
inlet and outlet control flaps 51, 52 which, together
with inlet and outlet openings 62, 63 and with a pump
chamber opening 43’, create a connection between a pump
30 chamber 43 and a vacuum channel 69. The vacuum membrane
31 is connected to a drive shaft 10 of the electric
motor 1 via a connecting rod 11, coupling piece 12, for
example a ball bearing, and eccentric 13 and, by means
of this motor 1, it can be lifted and lowered according
35 to a predetermined rhythm or pump curve or according to
a rhythm or pump curve that can be freely selected via

a control system.



31 is connected to a drive shaft 10 of the electric notor 1 via a
connecting rod 11, coupling piece 12, for exanple a ball bearing, and

eccentric I afghe Qo3 s of this motor 1, it cakyh@iddds Lol @il | oner ed
according 35 to a predeterm ned rhythm or punp curve or according to a

rhythmor punp curve that can be freelly0o selected via a control system WO
2006/ 032156 PCT/ CH2005/000529 - 10 The air release unit V conprises an air
rel ease valtke airhrgheape elidase AEMDrafes32An ahdr anchfAseeM@d¥€ openi ng

whi ch can hgi @l 0oggd 4i9htbYeh¥et heeditd &t 3pd 41591 Ant hei formefasan air
rel ease nenbrane seat 44. The 5 chanber 44 surroundi ng the air rel ease

menbrane seRENING | ¥highncaPeds i Gl 2FFE] FlﬂgFéé{sé’Yaﬁ%hﬁ%EFeESaﬁ’@ the air

rel ease chaiweln 7he Thermi of r £h €ase pETBA88Em8ABLand4skatopaen atrhehe bottom
that is to ﬁ?e}%non the side directed avva% from.the air rel ease rrer‘T:tS)rane 32,
of 3

and 10 ad) ber i #d{ SUrTPLrddds Jotni Ay 54 DA DEMETNSI &85 and a
second air 4&leaseomperied) Gifa odnther reheasaoastaghpant 65 T sheecond air

rel ease opening. PI.Ls efugeed vl ardhe yacuumchanngl, 69,10 a.5afety

val ve chanber e 1'nl et” ‘opening e air €ase nmenbrane 32
i s connect et vna apevomtectimgbpihoB®3 ttdadn B3 nhous@y8®wof thel isfideng nmagnet

o (L ectromegnal,dh T ySl £EbEOTRANCLI B Lidihddienahbrahl ofse aBabr ane 32

and thus frees the air rane seat . By this nmeans, air
passes thf APt 2aifine eadt crRlmRse 72P8ﬁéln9hr%4ugﬁft hehe | ¥stlvend second

air rel easgpani Bgsared, a67séé6&it|éqr\/aﬁéy@&§éafhf't%nﬁ% 68Nt hehe
underpressure in the latter is reduced. This and | oweri.ng of the

air rel ease*MEHbrAARS BRI 2BAZEs P 1 ak %SpF’&E@nQC(?dT]ﬂl ForE35a PPE rm ned

function 67 is connected via the vacuum channel 69 to a safety
valve chamber 68 and to the inlet opening 62.
15
The air release membrane 32 1is connected via a
connecting pin 33 to an armature 80 of a lifting magnet
or electromagnet 8. The electromagnet 8 lifts the air
release membrane 32 and thus frees the air release
20 membrane seat 44. By this means, air passes through the
air release channel 72 and through the first and second
ailr release openings 54, 67 into the vacuum channel 69,
and the underpressure in the latter is reduced. This
lifting and lowering of the air release membrane 32
25 also takes place according to a predetermined function
or according to a function that can be freely selected
via a control system, and which function is coordinated
with the movement of thé vacuum membrane 31. The
movements of the vacuum membrane 31 and of the air
30 release membrane 32 are preferably coordinated in such
a way that a pump curve 1is obtained which is as
described in WO 01/47577 and which is adapted to the
needs of mother and child or imitates the mnatural
sucking rhythm of a baby. The assembly functions in all
35 positions, that is to say, for example, when it 1is
lying or standing on a table or being carried. The
vacuum dJenerated 1is largely independent of how the

assembly is spatially arranged.
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system and which function is coordinated wth the novenent of the vacuum
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curve is obtained which is as describedlin WO 01/47577 and which is adapted
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a baby. The assenbly functions in all 35 positions, that is to say, for
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31 and of the air rel ease nmenbrane 32, this safety valve ensures at the
| evel of thesaigider prexskige ignsheepunples rdie bed@med oo @ eatthend

injure the npthersse DEeAStin 10nACEQREI BBekOnbRe Hel¥aR! ikQld, dMgySaffiy unit S
is designed with two stages. The first stage consists of & first safety

nenbr ane 55 Hhi%? e deishiers dafeasfety val ve cl osure 46 which has a
smal | | ateral opening 46' and which presses on the first safety nenbrane

55. This 15 first stage opens even at a Iom/qgger ressure of about, 120
g, The CAGHF S0 Lompe os Uy sdith y TRAAnGSE \ihi iF | 5
cl osed by nedssi @iiedrnwiach uswo ngtsgesw Phel firsP0skiriet cnalsiestsatoftd ch it

opens, can b, ipdi L1 gd. by, adpustueats of 4 hee ad ushiingraghen9.s Aeqgyding to
the invention,” Tt opens at a hi'ghér underpresSsare an-the
valve closure 46 which has a small lateral opening 46’
and which presses on the first safety membrane 55. This
15 first stage opens even at a low underpressure of about

120 mmHg.

The second stage comprises a second safety membrane 35
which is closed by means of an adjusting screw 9. Its
20 limit wvalue, at which it opens, can be modified by
adjustment of the adjusting screw 9. According to the
invention, it opens at a higher underpressure than the

first stage, for example at about 290 mmHg.

25 If milk or another suctioned fluid accidentally gets
into the pump, it settles in the area of the first
stage and cannot pass through to the second stage via
the chamber 1lying in between. At the very most,
therefore, it can cover the first safety membrane 55.

30 In this covered state, the latter possibly no longer
opens at the preset value, but it always opens early
enough to permit release. The second membrane always
opens only when the limit value is actually exceeded
and the pump has to be relieved. Since the second stage

35 cannot be soiled, it always opens reliably.

The individual parts of the pump can best be seen in

Figure 4. This exploded view shows that the pump is



first stage, for exanple at about 290 mmHg. 25 If m |k or another suctioned:
fluid accidentally gets into the punp, it settles in the area of the first
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bet ween. At the very nost, therefore, it can cover 't t safety
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best be sedhs pirFirgdease UMits Vergleodad apidgef sowemmear e lsunp is WO
2006/ 032156 PCT/ CH2005/ 000529 - 12 divided into several levels I, I, IlI,
IV and V, where parts of the pu unit P, of the safety unit S_and of the ~
air rel eas@ uht¥sly df¥edr rhng¥ 1?&‘ CHTHANL Y evBRE. PtA PRFSESREYLY I, which

usual Iy, buylorit fREesgPdrinbst fDeGE1t el upper Mpsirdtevr} pBstbeoaper ating
position, conprises the upper Fousi.ng ar L2?r tk&g afgremant'oned notor 1,
and the el EXPEHEGTettlE Chofghsinfs Patde fred iy FLSFERFRGISEFEws 21 onto
a notor plaicec?0 aof lBnthethppesldotsomggpart 2. The noicdrorcan beésscr ewed
onto the tor pl 0] C I i I e, np

assenbl y. guﬁgﬁs?)hé fgz)aés’rttaé}%n£n%pér]%és%g§g%e %ﬁtncﬁe%?@ﬁgof%?%%gn%gr ng which is
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thereto, SRARALLERIE Wd hfoUR P IBLORcd Spe TheusaUNLRTYeL R 13 does

not necessarily have'to be present. The upper housing part 2 al so conprises
a nmagnet ®vdEwbera®gaemplyh i Shgepak@ueingomP@ éE cofneAMF15%5d cRanmber 23

and in whi e tahRCtye@eibdr i 83 which is used to receive the
connecting rod 11, the ball bearing 12 connected

15 thereto, and an eccentric with counterweight 13. The
counterweight 13 does not necessarily have to be

present. The upper housing part 2 also comprises a

magnet chamber 24 which is separate from the connecting

rod chamber 23 and in which the electromagnet 8 1is

20 secured. At its lower end, the upper housing part 2 has

upper locking clips 22 which protrude downward.

The adjusting screw 9 for the second stage of the
safety valve is also arranged adjustably in the upper
25 housing part 2.

The second level II is defined by a membrane plate 3
which extends at least approximately acrosé the whole
base surface of the upper housing part 2 and thus of
30 the pump assembly. The membrane plate 3 is made of a
flexible material, in particular silicone, and is
relatively thin. It has centering holes 30 in its edge
areas, and upper and lower sealing lips 34, 34’', 34''
which ensure an airtight and liquid-tight connection to
35 the upper housing part 2 and middle housing part 4,
respectively. The 1lower sealing lips can be seen in
Figure 7. The membrane plate 3 comprises the air

release membrane 32, which is designed in the shape of



20 secured. At its |lower end, the upper housing part 2 has wupper | ocking
clips 22 which protrude downward. The adjusting screw 9 for the second stage
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paral | el 1t parHPPOBi teosi ge obppbeiakr keHeasef nemMer ang 32, relghdde two
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congr uent | y TEH 9%5%2 25D {ﬂg Ewaegtﬁﬁrtﬁé%FﬁléﬁglzmbglPﬁ@ i% F'el ease
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the second %&gslqééryoa£ﬁg g%des 8% the triangle of the air release
membrane 32. The triangular first subsidiary area 32’
15 is less thick than the second subsidiary area 32’'', as

can be seen in Figures 7 and 8.

The connecting pin 33 is formed integrally on the free
corner of the first subsidiary area 32’'. As can also be

20 seen from Figures 7 and 8, it projects upward at least
approximately perpendicular to the plane of the
membrane and is fixedly connected to the armature 80.
The air release membrane 32 is surrounded by a first
sealing lip 34.

25
The membrane plate 3 further comprises the vacuum
membrane 31, which is connected to the connecting rod
11. The connecting rod 11 can be formed integrally on
the vacuum membrane 31 by material thickening and can

30 be composed of a two-component material. It can also be
produced separately, however, and be connected to the
membrane 31 during assembly. The vacuum membrane 1is
sealed off from the upper and middle housing parts 2, 4
by means of a second sealing lip 34’.

35
The membrane plate 3 further comprises the second
membrane 35 of the safety wvalve. The latter, as can

best be seen in Figure 7, has a v-shaped opening that



can be seen in Figures 7 and 8. The connecting pin 33 is forned integrally
on the free corner of the first subsidiary area 32'. As can also be 20

seen from Figur it projects upward at ﬁ§§ i y
per pendi cul g«?)utzgo%ts e()%%ﬂ'eir%e of the nenbrane and is |/§<cegiy52)§ndr?;§cﬁed to the

armature 80. The air release nenbranre1d2-is surrounded by a first sealing
lip 34. 25 The nenbrane plate 3 further conprises the vacuum nenbrane 31,
whi ch is comiglemned towahe ddrenebotngmr gthd 1is Hemleshnefti nigrammdthé can be

formed int eg{égJéry a‘}{h bt 1AGHIL o Ceas 321 b/}’ kﬁtrﬁ%éﬁé L Qkﬁg&ﬁlﬁ and can
S c

30 be conpo t wo- conponent teria so be produced
separatel y, Sﬁﬁ&%ﬂg'lL@n§45é G@@ﬁe@médtm®d§hét .menbrane 31 during assenbly.
The vacuum nenbrane is sealed off fromthe upper and m ddl e housing parts
2, 4 Dby neans of a second sealing lip 34", 35 The nenbprane plate 3 further

conprlseSStﬂgméeEBth heMslandl 85 36 fREMedf &y WReyAidrhe | BPRERNTas can
best be seempdrt H . gurike/, tHhaslpepéa- Sé'r&pel?bxﬁkpﬁflhdﬂgsiﬁ@ A 2006/ 832186
PCT/ CH2005/ Q00529 1]H gward t Qion1andp seal.ed ?ff fromthe
upper and idhdl BERBSER bypéTﬁ 4 Dy S éﬂ% gt thi %ﬁ#ﬁ%'ng Pfp 34"

t hat surroummamgle!POMuﬁpdmydkymanﬂyﬂéﬂels ThﬁrmmﬂdwEtheusldglpahnusing

art 4. Like t o] g p prefer bly nmade

gf a solid %Iagg gﬁﬁﬁ% qﬂkgﬁegngeﬁg%%le polg%& g?ené} he m ddl e
housi ng p@r@laﬁasﬂmmmeli@h&pedoandihassadplé@@ewppeltface pndvadéaad pl ane

| ower Tace. WL Leped e § ARS8, dduriaRi19)! §8Fkctbd NoURUREY Ya gnddownvar dl y

directed catc
respectlvely, the upper catches 40 engaging into the

upper locking clips 22 of the upper housing part 2, and
the lower catches 41 engaging into lower locking clips
15 60 of the lower housing part 6. Centering holes 42 are
also present which are in alignment with the centering

holes 30 of the membrane plate 3.

Two recesses, closed at the bottom and with small
20 lateral connecting openings, are present in the middle
housing part 4. One of these recesses forms the vacuum
membrane seat 43 for the wvacuum membrane and thus
defines the pump chamber. A second of these recesses
forms a safety closure 46 of the first safety stage.
25 The chamber 44’, with the membrane seat 44 arranged
therein for the air release membrane 32, 1is also
present in the middle housing part 4. This seat 44 has
a triangular shape in this example. The chamber 44' is
a recessed, h-shaped trough, the latter being connected
30 to the air release attachment 45.

The fourth level IV in turn comprises a flexible plate,
preferably of silicone. It is formed by a valve plate
5. This too has centering holes 50, at least one pair

35 of these centering holes 50 being in alignment with the
centering holes of the middle housing part 4 and of the
membrane plate 3.



_respectively, the upper catches 40 engaging into the wupper |ocking clips 22
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turn comprises gallexLokecBhakean RIRIAE Yobkn SELLERRE Al drfadiyiTed by 2
valve plate 5. This too has centeri ng hol'es 50, at |east oOne pair 35 of

t hese cent erfh@here3ed01Belth§ LV N4kt he apdnts@dlsy Hovtes of the

m ddl e housidghmaddidy adhigfel ey dEbHanew! ate 3. WO 2006/ 032156
PCT/ CH2005/ 000529 15 The valve plate 5 conprises a first control flap 51,

which forns an inlet for the vacuum chanber. It further conprises a second
control filcaprte?, filristh hembeaar BEtl@t ftoe t Bafeaguuoathanbes . dleadi ng away
fromthe 5 second corgrol

U rounds art U} o5 SHEH HonHoctPhg  ChARNBr 2 84 ar PRegdd Tt e Tover
housi ng par tc@nmnideseal the hifsirsgonreot | np lete@mnelor®@hiatg t et t oprhich
ensures a connection betweén the air release membrane
seat 44 and a second air release opening 67, which is
15 arranged in the lower housing part 6. The individual
elements of the valve plate 5 are in turn provided with
upper and lower sealing lips to seal them relative to
the middle and 1lower housing parts 4, 6. All the
elements of the wvalve plate 5 are preferably produced

20 integrally with the latter.

The fifth level V comprises the lower housing part 6
and the attachment part 7. These two parts can be
formed by a single common part, or, as is shown here,

25 they can be coupled to one another by plug connections.

The lower housing part 6 is shown in Figure 4, and in
another perspective view in Figure 5. It also has a
plate-shaped design, its underside forming the base of
30 the pump assembly. The lower locking clips 60 project
upward at the sides, such that the lower catches 41 of
the middle housing part 4 can lock into them. Centering
pins 61 are also present which also project upward and
can be guided through the centering holes 30, 42, 50 of
35 the membrane plate 3, of the middle housing part 4 and
of the wvalve plate 5. These centering pins and
centering holes make it easier to stack the individual

levels on one another and thus permit rapid assembly.



10 The first nmenbrane 55 of the safety valve is also fornmed integrally in
the valve plate 5. The latter also conprises the first air rel ease opening

54, which ction between the air r eat 44
and a secon a%oeofeezlaoe‘?' glery%gpeni ng 67, which is 15 ?rdrignagi{mq%eg%%mr

housi ng part 6. The individual elenentug of the valve plate 5 are in turn
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m ddl e and | ower housing parts 4, 6. Al the elenents of the valve plate 5
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16 The | ower housing part 6 further conprises a first circular recess with

central elevation, which forns an inlet opening 62. A second circular
recess fornmshgn corngdeindpehangeb3 64Thiapdmlat bpenitisyp 62d sseahndcted to

the vacuum gjrgnng) R edandiqg i e Lpsides ofn tP8e 1ower housing

part 6 and opens into the outlet opening 63. This
15 connecting channel 64 is connected to the second air

release opening 67 present in the lower housing part 6.

As can be seen in Figure 5, the connecting channel 64
ends in an exhaust attachment 66 which can be plugged
20 into the exhaust 71. The second air release opening 67
leads to a breast shield attachment part 65, which is

connected to the breast shield attachment piece 70.

This construction permits simple cleaning of the pump.
25 If milk or another suctioned liquid gets into the pump,

the latter can simply be flushed with water or air, the

cleaning medium being pressed or blown in through the

beast pump attachment piece 70 and 1leaving the pump

again by way of the air release channel 72 and the
30 exhaust 71.

Figure 9 shows a partial view from above into the upper
housing part 2. As can be seen here, the adjusting
screw 9 of the safety valve S is designed with a round
35 cross section but 1is screwed into a square thread
opening 25. This means that a sufficient passage of air

is at all times ensured.



-l ower housing part 6. This channel 69 first passes through the safety valve
opening 68 which is |ikew se designed as a trough and over which the safety
menbrane 10y @de tds2{s¢st stage is arranged. ThpcepareebsngooBavnel 64,
‘open at the top and sealed off by the sealing lip 53, extends in the | ower
housing part 6 and opens into the outl®t opening 63. This 15 connecti ng
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| ower housi MF-PHFES 6.10 AsteanlBe §BeH i R FiS§GHES, aRedisiifdct i nfthannel 64
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from above mﬁ%a ghneépupréer? Ot%%m ng pa%tr 29%?’3& b%éis&g%@l %)e(flg}fé(%%kel
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PCT/ CH2005) 0085287 133U ErgupBaree tidel 2 5hole 438 oRE™BHBBEI FentCRCHi s
enbodi mrent dddai sdfvioded henosetHesrr khadtabaveubsidiaryaeenf Idve air

rel ease val Ve , The_ot hgg Bgrks ar e .of 33tk$ same 1E;Iesign agd are tt er efore not
descri bed aga:i’ n"os ’ﬁ%?e. Pt ?Egeférrrbl e the 'hifiral %ge fembrane 32 is
subsidiary area 32’'. The two subsidiary areas 32’, 32'’

are also substantially square, the connecting pin 33
15 being arranged on a long side of the thin subsidiary
area 32’ directed away from the thick subsidiary area
32’’. It is now no longer secured in a corner, but
approximately midway along this long side, as can be
seen 1in Figure 10. It has also been found that the
20 functionality is better ensured if the connecting pin
is integrally formed on the side wall 44’’ of the
chamber 44’, as 1is shown in Figure 12. However, the
opening 1lying below this, that is to say the air
release membrane seat 44, 1is preferably triangular as
25 before. In this <case, the connecting pin 33 is
preferably arranged exactly over the corner of the

triangular hole 44.

Figure 13 shows a further embodiment of the air release
30 valve according to the invention. The rest of the pump
can be designed the same way as described above and is
therefore not shown again here. The air release body is
not a membrane here, but instead is formed by first and
second air release blocks 320, 321.
35
The first air release block 320 is fixedly connected to
the armature 80 of the 1lifting magnet 8. It is

connected to the second air release block 321 wvia a



not triangular, but square. However, it can also be hexagonal or octagonal
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44' , as is ﬁh@V\ﬂfﬂr@tF:agbﬂ Q"el%ﬁgléomﬂ\(ﬁk jzioz ﬂlﬁeI’Bét]gairyjbr:I@ @Bipvxezilm s, thgg
is to say the air ease nenbrane seat efera t ar as
before. In £Afs thSe %thesgl{)}{h%cﬁ FPET 3%2125 %Ellef 8F§blé}%§ nlg 4 exactly
over the comade off tpeasticangd ardobelidlesiguede G8gehbes arf uonhder

enbodi nment BE tge air release 30 valve according to the invention. The rest
of the punp® can be designed the same way as described above and is
therefore not shown again here. The air release body is not a menbrane

here, buj '@Bteeagebén&mé@? bye fd 4t %%c}ée%%d akk rgl epseshl 0&5? 320,
321. 35 The first air release block 320 i1s fixedly connected to

armat ure 80r6flepre |GhEIINgd mfhet WBicht cpa k&bn%b%%%@ Pﬁ'ﬁﬁéfs%kﬁﬁﬁ air
rel ease bl ogk r32%1¢b@eap?Bc2080/0032126 SAebrfdH2005/Q0062% Hock 321

closes a second air release channel 327, which is
connected to the wvacuum channel 69. The second air
15 release channel 327 has a greater diameter than the

first air release channel 326.

If the armature 80 of the magnet 8 is now lifted, the
soft spring element 322 means that only the first air
20 release block 320 is lifted at first and the first air
release channel 326 1is freed. If the armature 80 is
lifted further, the magnet is then more powerful and,
despite the harder spring element 324, is able to 1lift
the second air release block 321 and thus free the
25 second air release channel 327. A connection is thereby
created now between the first air release channel 326
and the vacuum channel 69, and the underpressure in the
pump is reduced. As an alternative or in addition to
the springs of different strength, abutment elements
30 can be provided which limit the travel of the first and

second springs.

Therefore, in this embodiment too, the air release body
is lifted such that it at first only frees part of the
35 air release opening, with the result that less force is
needed at the beginning of the lifting movement than at

the end of the movement.



-first, soft spring elenent 322 and a retaining clip 323. The retaining clip
323 is secured, via a second, harder spring elenent 324, on a base body 325
surroundi ng Wd”l@(ﬁde‘/dﬁjme body. The base body 325¢T,5cm@05y0505g9r rel ease
"bl ock 320, the retaining clip 323 and the two spring elenents 322, 324 are
preferably made of plastic and are a1ﬂfUES|gned together in one piece. 10
The second air rel ease block 321 has, a first air  release channel 326, which
can be cIosé@“bysPﬁEl?Pr§Pmﬂm?C?%ﬁ%%%% bPodk 28N VERET 8B S T 0T ease

bl ock 321 Qiﬂf:‘(ﬂ&isa S;%@)@lidilal aaveheageschannelpBdridewi elides rapnfinested to

t he vacuun1%p 1 5 cond abr 15 re# gase channﬁ 327 has reater

di anet er thant O?a %ﬁyzﬁr et ease thaifat ~35B2Fr fhe “Srmdt e of the
magnet 8 is pmAiliqefd eidexpgmns isoflty sprd nigs etasento 322serahs. t hat only the

" first air 20 release block 320 is |lifted at first and the first air rel ease

channel 326 is freed. If the armature 80 is |lifted further, the magnet is
then nore powerful and, despite the harder spring elenment 324, is able to
lift the second air release block 321 and thus free the 25 second air

rel ease channel 327. A connection is thereby created now between the first
air rel ease channel 326 and the vacuum channel 69, and the underpressure in
the punp is reduced. As an alternative or in addition to the springs of
different strength, abutnment elenents 30 can be provided which limt the
travel of the first and second springs. Therefore, in this enbodi nent too,
the air release body is lifted such that it at first only frees part of the
35 air release opening, with the result that |l ess force is needed at the
begi nning of the lifting novenent than at the end of the novenent.



WO 2006/ 032156 PCT/ CH2005/ 000529 19 The suction punp according to the
invention therefore affords several advantages. It provides w de-ranging

functionali iRl ry small space and can a

i nexpensi ve}"é 2‘89%32%3 o rseny o Cvp 2006, 035524 PBRoPEI B85 00500 -
20 List of reference signs P punp unkdo 5 V air release unit S safety unit
| first level Il second level 10 III third level 1V fourth level V fifth
|l evel 1 notor 15 10 drive shaft 11 connecting rod 12 ball bearing 13
eccentric wi th counterweighty; 30 & URRQI JHISIAIGRArt 20 motor plate 21
fastening screws 22 upper locking clip 23 connécting rod chanber 25 24
magnet chanber 25 thread opening 3 nenbrane plate 30 centering hole 30 31
vacuum menmbpane 32 gifpr ghgase nenbrane 32" first subsidiary area

5V air release unit
S safety unit
I first level
II second level
10 IIT third level
iv fourth level
Y fifth level
1 motor
15 10 drive shaft
11 connecting rod
12 ball bearing
13 eccentric with counterweight
20 2 upper housing part
20 motor plate
21 fastening screws
22 upper locking clip
23 connecting rod chamber
25 24 magnet chamber
25 thread opening
3 membrane plate
30 centering hole
30 31 vacuum membrane
32 air release membrane
32 first subsidiary area
32 second subsidiary area
33 connecting pin
35 34 first sealing lip
34’ second sealing lip
34" third sealing lip

35 second membrane of the safety valve



- 32"'"' second subsidiary area 33 connecting pin 35 34 first sealing lip 34
second sealing lip 34'' third sealing lip 35 second nenbrane of the safety
val ve WO 2090/ 339599 3RGH{LH2005/ 000529 21 320 fip@t/@idodsteees2dl ock 321
*second air release block 322 first spring elenent 323 retaining clip 5 324
second spring el ement 325 base body‘32@ first air rel ease channel 327
second air rel ease channel . 10 4 m ddl. e housing part 40 upper catches 41

| ower catchég® 42 cdt&li g thdisd eSS RARGH nenbrane seat 15 43" punp
chanber openizng 44 aidcorel ease rEEyandlsead  44' chanber 44'' side wall 45
air rel ease gktachngn 0 46 safet val ve closure of first stage 46

| at er al opeﬁ varve %ﬁ§§n956’ gﬁ?@%lng hole 25 51 first control flap
52 second cG@BroI fhamaimrngmqhup lip for connecting channel 54 first air

rel ease opening second spring element

325 base body
326 first air release channel
327 second air release channel
10 4 middle housing part
40 upper catches
41 lower catches
42 centering hole
43 vacuum membrane seat
15 43’ pump chamber opening
44 air release membrane seat
44’ chamber
44" side wall
45 alr release attachment
20 46 safety valve closure of first stage
46"’ lateral opening
5 valve plate
50 centering hole
25 51 first control flap
52 second control flap
53 sealing lip for connecting channel
54 first air release opening
55 first membrane of the safety wvalve
30
6 lower housing part
60 lower locking clip
61 connecting pin
62 inlet opening
35 63 outlet opening
64 connecting channel
65 breast shield attachment part

66 exhaust attachment



55 first menbrane of the safety valve 30 6 |ower housing part 60 | ower
| ocking clip 61 connecting pin 62 inlet opening 35 63 outlet opening 64

connecti ng st shield attachnent par fg@ achnent
WD 2006/ 0322@%%@2&%000529 - 22 67 second %?Ir'ﬁ(?ﬂe ea%gég%%%lgng 68

safety val ve chanber 69 vacuum channel 225 -7 attachnment part 70 breast punp
attachnment piece 71 exhaust 72 air release channel 73 spacers 10 8 lifting
magnet 80 affrat ur e Leriidsting skease WPROU8 032156 PCT/ CH2005/ 000529 23
Patent clainggl. A nethad foRpefalidiga suction punp, in 5 particular a
menbr ane pqu for generating a vacuum the suction punp having an air

rel ease val&®® with @FET FRaE®e body (32) which frees an air rel ease
opening (44, 54, 67) at cyclical time intervals and closes it sealingly

again, 10 characterized in that the air release body (32) is
5 7 attachment part

70 breast pump attachment piece
71 exhaust
72 air release channel
73 spacers
10
8 lifting magnet
80 armature

9 adjusting screw



-lifted in such a way that it at first only partially frees the air rel ease
opening (44, 54, 67). 15 2. The nethod as clained in claim1, in which the
air rel easeydebod/dR)215% at first renoved from t hecpida2 6@ LE6E5DPENI NY
‘(44, 54, 67) at an edge area. 3. The nethod as clainmed in claim2, in which
the air 20 release body (32) is at first renoved at a corner of the air
rel ease opening (44, 54, 67). 4. The nethod as clained in claim1, in which
a first part of the air release body (32) is at first 25 lifted in order
to free a first air release channedtemhdchastmesond part of the air rel ease
*body (32) isthenlifted in order to free a second air release channel,
the second air rel ease channel having a greater dianeter than the first air
30 rel ease c¢hanndél, madhothe fwo chepewsisimgei ng conrecied pempne dmot her. 5.

A suctionspunp, i Rardcyl ar,a RERBLANE PWTR Oft o 0CNSEALLRG: AgvacUUM Wi th
an air release valve, 35 the air release va &E.haV|ng an alr rél ease
openi ng (44, 54, BPUumyn &he refebsen bR 3RRVIRAI chlcanl | S SRIE ai r

rel ease opening (Adveoditan seat | Al yas@mbo@P asbyaihnenmeaees(dh for WO
2006/ 032156 PCT/ CH2005/000529 - 24 actuatin e ar releasi ggg%h(BZ),
e

gt
characterized i/Rithat®l$si PPeRIRAsé*Body 437 cat beYact tated e such a
way that, upon openiely=dfs t heandl veclddesat ftrstséaeeagonpl y agpdmtial area

of the air 5 rel ease openi.n 44, 54, 67) and thereafter fre a.l arger
a1l &Pen or ihETaNPd iR Cridhs e AR Ehasegboty 132045 0tk on
punp as cl ai med ilnfdead mi%y ismabhi éh way that it at first only
partially frees the air release opening (44, 54,
67) .

15 2. The method as claimed in claim 1, in which the air
release body (32) is at first removed from the air

release opening (44, 54, 67) at an edge area.

3. The method as claimed in claim 2, in which the air
20 release body (32) 1is at first removed at a corner

of the air release opening (44, 54, 67).

4. The method as claimed in claim 1, in which a first
part of the air release body (32) 1is at first

25 lifted 1in order to free a first air release
channel, and a second part of the air release body

(32) is then lifted in order to free a second air

release channel, the second air release channel

having a greater diameter than the first air

30 release channel, and the two channels Dbeing

connected to one another.

5. A suction pump, in particular a membrane pump for
generating a wvacuum, with an air release valve,

35 the air release valve having an air release
opening (44, 54, 67), an air release body (32)

which can close the air release opening (44, 54,

67) sealingly, and an actuating means (8) for



10 the air release body is an air release nenbrane (32), and in which the
air release nenbrane (32) has an edge area (32') at which it can at first
be renoved -4 el ease openi ng (44, 54, B gbqﬁﬂ,i of the
val ve. 15 7.ﬁd|'(h¥e8(f56hu€0t3?olr?6|gurrp as clainmed in clai mygt,zl)/icn which t éewact uating'
nmeans (8) is a lifting magnet, and the4air rel ease nmenbrane (32) is
connected to an armature (11) of the lifting magnet (8) via a 20 connecting
pin (33), and thedomtded riiiaiy 333 1eqse chadect @d) t ochhsagteriekedase
menbrane (32) at ;i hiyedgreanep theegal 1a, heHUCLLPNLRUAR S celgal med in
claim7, in which 25 the connecting pin is arranged over a corner of the
air rel ease openiiiy.such mewavicthah, piRpraPradingedli ntlg avadive, i Atwhi ch
Egg)coggectT ihng pia?;_ (83ksts ﬁpéél%ed_dnn Qéa|pléfrt9ifrhl farteae7@f { htr}fé eﬁag nenbr ane
: : e suction punp as, clainmed in one of c|ains ro , in
whi ch the5connect’?er?§apc1pen?%%’}“?% (4% r arded SAPprpd n‘é?%??/af)'é‘?lbeggf?&?l ar to
the air 35 rel easelaegbramartiad)]l. ddea The Sticd | entpuap @i Ckaleadei n one of
claims 6 through 1%. in (\Q[Q}i cl% th%ﬂir rel ease nmenbrane (32) WD 2006/ 032156
PCT/ CH2005/ 000528P<R 3% §°¢ made &4 plastic, in particular of silicone.
12. The suction punp as clained in one of clains 6 through 11, in which the
air el ease qIembrane §32); 5 NBnAl oleasia Qe CORNET A NG { Ny SgeRr ea (32))
conprises at |east one o e at”| éast one corner. ~13. “The suction punp as
clai ned iR one ofthd adks Getllgeseghbady i vk cRirhasdigage| BaBBrABRADr ane

(32) (32), and in which the air release membrane (32)
has an edge area (32’) at which it can at first be
removed from the air release opening (44, 54, 67)

upon opening of the valve.

15

7. The suction pump as claimed in claim 6, in which
the actuating means (8) is a lifting magnet, and
the air release membrane (32) is connected to an
armature (11) of the 1lifting magnet (8) wvia a

20 connecting pin (33), and the connecting pin (33)
is connected to the air release membrane (32) at
this edge area thereof.

8. The suction pump as claimed in claim 7, in which

25 the connecting pin is arranged over a corner of
the air release opening.

9. The suction pump as claimed in claim 7, in which
the connecting pin (33) is formed integrally on

30 the air release membrane (32).

10. The suction pump as claimed in one of claims 7
through 9, in which the connecting pin (33) is
arranged approximately perpendicular to the air

35 release membrane (32).
11. The suction pump as claimed in one of claims 6

through 10, in which the air release membrane (32)



- 10 has a pol ygonal basic shape, in particular a square or triangular basic
shape. 14. The suction punp as clained in one of clains 6 through 13, in

whi ch the awb pelogadsawEbrane (32) 15 has a firdempaHicds ayEssd9832' ) wWith
a |l esser thickness and a second partial area (32'') with a greater

t hi ckness, and in which the edge area ©¥$ -arranged in the first partial area
(32"). 20 15. The suctjon pun% as clained in clains 13 and .14, in which the
air rel ease menbrEn&3@82Ythas Pdasddtar ¢ h &G IIHGE 9 SiHiidP e two
partial areas (32', 32'') each have a square basic shape, and in which the
connecti ng ide of the_thinner rtial

i,h (33). is arranged on a 25 .| an p
area (32') H&rreg?fh ey 77 o e ?ﬁiéﬂép‘ éftﬁ8|‘§F%a°f(é§Hﬁ5W51 . The
suction punp as thaiomglh 11 ,clia miisch irthevhath r8Debbe hemfrande (Ras a
center, apd in iL.ch e n [ jn. (3 [ rr ed jn t area of
this cent gr on \tAﬂg%t halwn %)%%?lgaﬁﬁar erlg)%% ‘%ﬁ %lfl%e Suct ?%It\g%u?rg%g cl ai med
in one of clainscodmp3sselsr alighedst iomenwrifckhehatailleasdl ease asparimg (44,
54, 67) has a polygonal basic shape, in particular a square or triangular

basi ¢ shape. WD 2006/ 032156 PCT/ CH2005/000529 - 26 18. The suction punp as
clained in éde offh€l afWEtH°nt RMBRgAL7 CLaimasd chlt Rei PLr &% nénbr ane

(32) is substanthablughphane.imb wif.chlhenes ugit Ofe DeldPe Wobhibadnai (3p¢l ease
val ve, in parti%%%ar with_an aiﬁ rEIease vglve as.clainmed,i one_of cl ai s
el

d.in
6 through®18, in"Gfi cA t Rel¥PPna 45é vaPV8PRas 4R aPPTF&FEA8E nBnbrane
(32), and in whisghatrkl sraitrinebedse mardcanhap?2) and a

14. The suction pump as claimed in one of claims 6
through 13, in which the air release membrane (32)

15 has a first partial area (32’) with a lesser
thickness and a second partial area (32’'') with a

greater thickness, and in which the edge area is

arranged in the first partial area (32').

20 15. The suction pump as claimed in claims 13 and 14,
in which the air release membrane (32) has a
square basic shape, in which the two partial areas
(32, 32’') each have a square basic shape, and in
which the connecting pin (33) is arranged on a

25 long side of the thinner partial area (32')

directed away from the thicker partial area

(327 1) .
16. The suction pump as claimed in claim 15, in which
30 the 1long side has a center, and in which the

connecting pin (33) is arranged in the area of

this center on the thin partial area (32’).

17. The suction pump as claimed in one of claims 5
35 through 16, in which the air release opening (44,
54, 67) has a polygonal basic shape, in particular

a square or triangular basic shape.



10 vacuum nmenbrane (31) used to generate the vacuum are designed integrally -
in the formof a conmmon nenbrane plate (3). 20. The suction punp as cl ai ned

inclaim 19,W6' %W&o%f% a part of this marrbraneu%@}&léésas}&ogg?;gned as a_

saf ety menbrane safety valve. 21. The s I'on punp as clained in
either of clainms 15 and 20, in which e -punp conprises an upper 20
housing part (2) which receives a lifting nagnet (8) for actuating the air
rel ease nenbréane T182) suandonequimesaan &l&ioted c imptome ( Df folaamsud i ng the

vacuum nenbr ane ( j ddl Lng rt. ( i Lo neel gase

menbr ane seat (44@%&#@%%@ _i%%@%%eﬁﬂgo%l%hgéé%grge gg‘?éfagrlgnb(r ?ﬁe (32)
and which surrourRissulstant kallsagelagpeni ng, and with a vacuum menbr ane
seat (43) for the vacuum nenbrane (31), and a | ower housing part (6) for

form ng a_ vacuum channel (69) between air rel ease ogpening 30 (44, 54, 67)

and an inl%tlOpenthiy) E8SLioR PNy gRth natyvEdFunTRERBFENeVIEEE: (43, the

menbrane pl ate fﬁr@ﬁd@ﬁrwm% beineesl thge upptieand wilddimed Heusing
an

parts (2, 4), a valve plate (5) hein arranged between the m.ddl e and
| ower housing 3%%ar & (E?aéﬁn.s 2%. t?’ﬁémgﬁbt i pifp e aithsd i el ai m 21,
in which the valmelgdst evebyearithd hannenyr amelphake riS)brare WO32006/ 032156

PCT/ CH2005/ 000529__ < uhst anti al_l. e. !%pe ctl as
clainmed in eit herartl)(% %Izarﬁégéléﬂérsldaﬂ ,@len%v%sl%ﬁnef e a\llrg vi:ggflagggg)g) and the
5 nmenbradd pl at e ¥@B)uum emgpbeane d3g)asused En geararahd athef veiduugone. 24.

The suction punp as chakTBfeln ML HMa1GA 8 The form of a common
membrane plate (3).

20. The suction pump as claimed in claim 19, in which
15 a part of this membrane plate (3) is designed as a

safety membrane (35) of a safety valve.

21. The suction pump as claimed in either of claims 15
and 20, in which the pump comprises an upper
20 housing part (2) which receives a lifting magnet
(8) for actuating the air release membrane (32)
and receives an electric motor (1) for actuating
the wvacuum membrane (31), a middle housing part
(4) with an air release membrane seat (44) which
25 is provided for the air release membrane (32) and
which surrounds an air release opening, and with a
vacuum membrane seat (43) for the vacuum membrane
(31), and a lower housing part (6) for forming a
vacuum channel (69) between air release opening
30 (44, 54, 67) and an inlet opening (62, 51, 43’) of
the wvacuum membrane seat (43), the membrane plate
(3) being arranged between the upper and middle
housing parts (2, 4), and a valve plate (5) being
arranged between the middle and 1lower housing
35 parts (4, 6).

22. The suction pump as claimed in claim 21, in which

the valve plate (5) and the membrane plate (3) are



-t hrough 23, conprising an exhaust (71) and, 10 optionally, a vacuum
attachnent (70) and an air release attachnent (72) which protrude from an

,outer housi j@ @foodyd s 25. The suction punp asp@t AbEsos fodspes 21 and
24, 15 in which an exhaust attachnent (66) is forne integrally on the

| ower housing part (6) and can be conrécted to the exhaust (71) forned
integrally on an attachnment part (7). 20 26. The suction punp as clained in
one of clainms 21 SRR PS.Y iHamfich the lower, middle and upper housing
parts (2, 4, 6) can be plugged together so as to forma cl osed housing

*assenbly. 25 _27. The suction pu as claimed in clajm26, in which_the
housi ng” assénl yT;[‘se SISt ilg?nl‘r%/o %t(éiﬂ’&%‘g I%nﬂlEhﬁrbef FE?H&T Hr ough vi a
_a breast punp atamathoent {(#Z0)whioch helexhaudtre( 74)aand the arnd mneélecase
opening (£2). 30 . sucti,qn _pu wth a safety valve, -in rticular a
suction pérrp as (I:T\%g}brrréaélel np%(r%geof r(gl)ai gngelgr%a{i%r o%%h a27:p]“|aﬁ°’ %l’chc‘;#he safety
val ve has a firstardtieml(egs o4 6)i Misicgte .opens at a first 35 underpressure,
and a second step (35, 9) which opens at a second underpressure, the first
under pressure being quantitatively lower than the second. W 2006/ 032156

PCT/ CH2005/ 6d0528he. 'sgcthon THEBsueEi SH-uRsl adlcleferedti rckddmd 5, in

which the air rel Hodys ,hascgh%%ggjgﬂg s@eondx$dibsd di any) bodings (320,

321), the first subsidiary 5 body ei ng{nconne ted to an arnmgture (80)
GPSry 70) and an air

of a liffing mgRstlPRLIvandet Y& Iebnatsab

release attachment (72) which protrude from an

outer housing of the pump.

25. The suction pump as claimed in claims 21 and 24,

15 in which an exhaust attachment (66) 1is formed
integrally on the lower housing part (6) and can

be connected to the exhaust (71) formed integrally

on an attachment part (7).

20 26. The suction pump as claimed in one of claims 21
through 25, in which the lower, middle and upper
housing parts (2, 4, 6) can be plugged together so

as to form a closed housing assembly.

25 27. The suction pump as claimed in claim 26, in which
the housing assembly is substantially watertight
and can be flushed through wvia a breast pump
attachment (70) to the exhaust (71) and the air
release opening (72).

30

28. A suction pump with a safety wvalve, in particular
a suction pump as claimed in one of claims 19

through 27, in which the safety wvalve has a first

step (55, 46) which opens at a first
35 underpressure, and a second step (35, 9) which
opens at a second underpressure, the first

underpressure being quantitatively lower than the

second.



body (321) being connected to the first subsidiary body (320) via a first
spring elenent (322), and the second subsidiary body (321) having a first

E*ffcﬁezc({sbgé‘cjﬁqugg@ whi ch can be cl osed bﬁ’CT@f&ﬁJd%ﬁ%ﬂ%ﬁ? i diary

1T” rel ease
and the second air rel-ease channel (327) having a greater

10 air rele
body (320),
channel (32

7),

subsidiary body (321) closing a‘sec

dianeter than the first air 15 rel ease channel (326).

10

15

29.

The suction pump as claimed in claim 5, in which
the air release body has first and second
subsidiary bodies (320, 321), the first subsidiary
body (320) being connected to an armature (80) of
a lifting magnet (8), and the second subsidiary
body (321) being connected to the first subsidiary
body (320) wvia a first spring element (322), and
the second subsidiary body (321) having a first
air release channel (326) which can be closed by
the first subsidiary body (320), the second
subsidiary body (321) closing a second air release
channel (327), and the second air release channel
(327) having a greater diameter than the first air

release channel (326).





