WD 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 release valve according to the preanble of patent claim1l,
a suction p“%‘é‘ié@s?{)ﬂ 3iEg release valve accordingyp /Hﬁ%d%‘%‘ﬁﬂs%ﬁf
patent clains and % 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 variety of 15 applications. However, they can preferably
be used in breast punMemebrare pomppwiphnaiof telbeaast vailkie, or as drai nage
punps for suctioning off body fluids. There are suction punps in closed
systens which at all 20 tinmes nove the sane air within the punp chanber
However, open punp systens are al Sedhyowalwifiielah air rel ease val ve which
can be opened cyclically via an electromagnet. 25 The requirenents pl aced
on these suction punps, in particular when they are used as breast punps,
are quite hiGhe Teyeshbahd belasepovier f W aetyoski flor bgtuagtingheasane
time, relativgl I attieularly:  i.nqthel S upps hey
shoul d be abl & ¢ 530 %B@Ea?’telltv%u el r"ﬁyl_rﬁ n%r%%%t%%%n%eagéﬁﬁé%%ﬁl ggbélf%asy to
cl ean. Summarpresmbhe PCHv@Rtet 35laim| g, t fesECHiONaPUIE) eéitlvf aphalr

i nvention to pak aséva{réfﬂ@l&e 8cBBLAH4f OF actHat | Qeﬁmﬁf’ﬂ‘ét' g pPHEeWct h a
safety valve, and to make availl able a”suction pu “having an alr release
val ve, both otlaheseSpandi tidn@nAD OB S I FIMCTY CH2 08958800579 vazve

10 according to the preamble of patent claim 28.

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 wvia an

electromagnet.

25 The requirements placed on these suction pumps, in
particular when they are used as breast 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 is 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



the smal | est possible design of the punp yet at the sane tinme 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, respectively. In the

met hod accor #on@one /o3 lisgventi on, an air rel ease POTCH2MVTAOTISBRs an air
rel ease opening of 10 the air release valve, is at first only partially
lifted. In this way, a snaller force is fieeded than if the whole air

rel ease openi is freed in a single. step. 15 The neans for actuating, in
particul ar f5?1%I i?‘[‘?{wg?s’f h&OS§P I98§éggod§£c§ St RYER oEhe?t e zhepowerf ul
and can thusahe mHEee aEldwEng Ishart @ ropsignet 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 el ectromagnet can at first apply

| ess force trhds idbfloes ak tduhientedf biyha meehedt andhilsy anisticalilon
avail abl e %ower force %o ver, suffici.ent ., to free .a relllativ ly smal |
I

openi ng. P& MPhe %Y%P %sifl?:azzutrc?susgfa R vEN T 1 £ t hus al so

25 i nexpensi vespleettiveiggnet . Moreover, the air rel ease opening can be nade
relatively large. This ensures a rapid cancellation of the underpressure
and, therefore, the desired functionality of the punp. 30 The punp easily
reaches 120 dycl éhepemetrihodt e ackHomeliang, tia ¢he aliswempccat,e epti @l y at a

cycle rate of 50,72 Y8l eS HALHT BHLEes The Tilst Al e abfed fnpall Cul arly

suitable for “stinulation, the second one for expression g‘?ﬁ\%rea}it mlk. 35
In a prefaPréthevariant releahe meahwd, actodr dithg ftirsthe onliyvepairsaaldy y an

edge area of 1LheQ r 11f! ©25€ QQQY bSsmaller force is needed than if

the whole air release opening is freed in a single

step.

15 The means for actuating, in particular for lifting, 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 1lifting 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



at first renoved fromthe air rel ease opening. A WD 2006/ 032156
PCT/ CH2005/ 000529 3 mninmal anmount of force is needed if this edge area
coincides with a corner of the air release body. The air release body is

preferably awenyegro3zdise 5 lifting of its edge amper/icsi2ody sy if the
lifted edge area is less thick than the rest of the nenbrane. The air
rel ease opening is preferably polygonal, 3 m particular square or

triangular. The nmenbrane too is ﬁoreferabl y pol y(grgn_al, gr_eferabl y square or
triangul ar. MPIRbepMoNEasPEr 19448 ngsofneededredtr ahBisa eddmedtPAg pin

can be securegbicide®rwinhegrablyetobiednanalt, redédhippgpnnecting pin is
connected to an armature of the lifting magnet. This connecting pinis

preferably 15 situated in the edge area of the nenbrane that covers the air

rel ease openitige Haweveklehke MBalyaANesCaraf SCabDg desn@n@daMd.h aheai sed
flange, in V\mcg case %he conpect i n% pin is not arranged over gh% ai.r

rel ease openthgthd Phs ¢ hrEPRailsedM3tangasiss 1%t tHeecdihEetli ng pin
i s designed s@dge hpehe impvalye tHetlat tMent @hkhedmmhs@nehei heinbraassi ble to
overcome any }Er oduction-rel ated or ,assenbl y-rel at tol erances.. Errors in

the angle of The &dct F6N&FTE CRANAPSo b2 B t EPLYE R restPts were

achi eved usi ngasticehdectddigan Nowhi ok asgd Déired The egemblk¥nen wdo aik
rel ease menbrane

_ _ gadI? of s'il i con and }g/ni cpﬂ b}é means Oroft sui t abl e
t hi ckeni ng of PFRESHAP LY i BPLYHRE guf PEELEREC St PHRESS O t- AP BE For ned
thereon im@ hinged manner. 30 However, in a sinple enbodi nent, the
elasticity of pthe. MRter ;115 £ognsetthd Rldusilid ces L3,MBKe h
pin can be secured to it or integrally formed on it,
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 is 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



novabl e about its point of attachnent. In another enbodinment, the air

rel ease body has a first 35 subsidiary body and a second subsidiary body. A
first subsidiary body closes the air rel ease opening onl artially, since
it has an ai WOr 20044032 Hel which creates a conREEA ?9%&9@%@2%ir

rel ease opening to WO 2006/ 032156 PCT/ CH2005/ 000529 4 the outside. This
first subsidiary body including the air release channel can be closed by a

second subsi.dj_ar aig. jSr nl e:f] . _suhsj di ary
body is at fit?ls?t %"?%ej%e X\&% isst%lnllc%cd g?@?ﬁ%gg?ﬁg g‘%&}{]eféggg&%ﬁgnneé such
that only paetirof rékease rcbhoasd omam ngoés tlesed ThHey sesondesdys di ary

body can th . iﬁg, i nc r it;aS t o] i.r.J.el ease
opening is n%&b ﬁeq i |ﬂ6?%fg_§§€§n gidﬁ%,?%?ﬁggggéogﬁﬁﬁgbgﬁgigbf tody can
preferably beuvkstigdeay Hodyoist lat wiikst héifteds subsddshapcpddyfra@onpar ed
to this engodigent; -t (st ﬁgﬁg@ﬁrﬁgﬁ £ 0pRe, W e Lqil 56! ease
menbr ane t aft@hcan e Ill‘igj'ce'ftalua%ec_ n_an edg%hggg%, ﬂasyt Wg&gd&ang:ageatlhat it 15
ensur es | eaktiegie@fEs sCRABiBGuUsLS pArepdul Ay wREANds eBubsHABaBY e®9dYpunp,

ensures therears tierd eAKRISHOT 31 eandPEART { £ M bkchAchli! hele aghart age of
t he abovenentioned enbodi nents, 20 partlcularlﬁ as_regards the use of the
B

nmenbrane, i slhdCLeRsSHARRPBIRG el hawiedi regd- t e BhiBesesrnd sdagiedual
parts requir etheCagedhed ebabgibe argdWRty cShNea-dFersiBlyVdplaactaaked itted,

the work invalved.in .assenbli the punp, .is also reduced. 25 It is a
further oBPeéPWltYhé”iti\/é?ﬁ’ﬁ cfrr}lg‘tst? cﬁ”g’étléhérys&lﬂqyorn punp whi ch can be put

together as easily as
Compared to this 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 ajir release membrane and a vacuum membrane used to
generate the vacuum are designed integrally in the form

of a common membrane plate.



possible. 30 This object is achieved by a suction punp having the features
of patent claim 19. The suction punp according to the invention has an air
rel ease valve with an air rel ease nenbrane, and this 35 air rel ease

menbr ane and wo \AMENOIEIEY ane used to generate thepgageunodsg odesi29ned
integrally in the form of a common nenbrane plate. WO 2006/ 032156

PCT/ CH2005/ 000529 - 5 Arranging the ai P rel ease val ve and the vacuum
menbrane on the sane plate nmeans_that these elenents are | ess expensive to
produce and & BUBING the adsenbréease| yad ver éner tde SBHIREREMOY ARC punp

conprises an dippehe QW NP1RBEE meadd dehst NS0 PRELeARE BdOWRESHOUSI NG
part, wth a nmenbrane plate and a valve plate being arranged between the

housi ng part SXPERSIVE fQiRFOHEaRsANE haresedeigr EPeAEFLE L8N be forned on
the sane 10 structural part. In particular, the vacuum nmenbrane needed to
generate the underpressure, and the air release nenbrane needed to rapidly
cancel the® Jite? pPESEGrEede ST M Hed FiM¢ eBHEPI FOBRTUFESs e UBPRHCt ur al

part. Controlndsingg apwhrval ¥emfiliape @ansiahgo pby thasddrarerowét egbakipgon a
comon structural par,th El ectric not Oi and el ctrog;g\?et (ian be secured in
the sanme holRdly p¥rth By HFANG t RéapEnPtht 8 s &l Pladye| Re1ng
preferably fiaerdyed shetheenuaher holisingdipardual mard sdteds benredased to a

m ni nrum wi t hout 20 having to give up the conplexity of the p assenbly.
This not only* aetduc%%"?ﬁglouf' FU8thEnsic6Rs g}% tﬁé’%ﬂﬁf{) %f%se’fbrlbbngy,sﬁlﬂ‘? al so
m ni m zes itthestprosietadn @k . aseenplaytdesiisr 25 tAef urhbaumadrenbageeof this
modul ar ConStﬁégﬁéé”]ggtrbenerate the underpressure, and the air
release membrane needed to rapidly cancel the
underpressure, can be formed integrally on the same
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 number 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 is 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 noise.
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.



several levels is that the punp can be cleaned by sinple flushing, wthout
having to be dismantled into its individual parts. By virtue of the exhaust
| eading to the outside, no sponge is needed. Such sponges are 30 used in
the prior arWo @0MIH3AI2LHE k that has been sucked PETLCERROD(OPOZ2Y al so to
attenuate noise. However, they take up gpace in the punp and tend to give
rise to unpl easant odor. 35 This nodul ar construction can also be used in a

punp that dqes nqt have_t abovenenti o Lr. rel ease valv a ding to
the inventio % WO=20 /gé]f rPC?%éISf%OS 00%?& énvﬁetn%llsoe}{a %tjort%le%?{eobj ect
of the inventivedlableake savhibablpaimg switiclnhpsnm watéthavadveafaardy val ve
and which c be_1i t ivat L Quisd, g n icul 1Ak has
been sucked ?ﬁggﬁﬁhga%ﬂﬁg éﬁ% Eggg¥%bégggnﬁ%uéggﬁﬁgﬁe.Eﬁmé?%ﬂ%ﬁgﬁgﬁs

achi eved by aidikcti shasunmpabavbagnt heuckedt uirsooftipat gpume| &ind 28asi0 The

suction pu [ I nvention has a safety valve with a first
stage whic S%%ﬁ@ﬁékié%%;ﬁéﬁy%'underpressure, and with a second stage which

opens at a second underpressure. The first underpressure is quantitatively

| ower than the . eCSB?E 5. Thi =Sk a S| t f . yal ensures
that mlk cgﬁlr}c%)’t ge %s -agr éacsﬁlt eé%eggngaestgggg%gi @ﬁhggﬁ?{gs;ﬁ%ﬁ age
opens even i Feeffarefemt gatenterglasin @gft- deviation fromthe ideal
underpressure, it will still 20 open, in the event of clogging, when the
underpressure is at a higher level, that is to say in an energency

si t uat i on10TAREScEURELIPR vEUPPeVvRAESTARBIentPr LR f ekjvention has ~ a

safety valve with a first stage which opens at a first
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 is suitable in particular as a breast

35 pump for suctioning off breast milk and as a drainage
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



val ve fromopening at too snall a deviation, but it still opens reliably in
an energency situation. 25 This two-stage safety valve can also be used in a
punp that does not have the abovenentioned air rel ease valve according to
t he i nventi omoor2otolse osedlear construction. 30 The seectyon2pospoaosesdi ng to
the invention can therefore reduce the vacuumin a relatively short tine
and without too nuch force. The punp atcérding to the invention is suitable
for a wwde variety of agpplications. It is suitable in particular as a
breast 35 puB UGt onisig of 1 biReadtin $R0e PG/ QR A APAAGROOBEM. f or
suctioning off body fluids. The punp assenbly according to the invention is

suitable in particular. for use in a. postable breast punp, as i.s described
'n WD 2006/ 03 PTG YBRRASOBE2 S TIPSR L UPES ISF TSt 1 9 R0 1B DI | shed

PCT/ CH 2004/ 380G hed Patdinr «ldhiamng ageous embodi nents are set forth in the
attached patent clains. 5 Brief description of the drawi ngs The subj ect
matter of the invention is explained below on the basis of preferred
illustrative enbodi ment sBri@f dépsctegtiont bé sheadiradridigan 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 view of the suction
punp accor di Mhet csulyj gur emdtfeomolieltdw Figemeidnshewsxapllaongd usk haw

section throygh the ~ 20 suctign RYD A6 9iNG & FIOWE Limvodiments

10 depicted in the attached drawings, in which:

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;



Figure 4 shows an expl oded view of the suction punp according to Figure 1;
25 Figure 5 shows a perspective view of a | ower housing part of the suction
punp according to Figure 1; Figure 6 shows a view of a nmenbrane plate of
the 30 suct WOn290603@356ding to Figure 1 from alRSR/-CHIGBLOFOE2DWs a

| ongi tudi nal section through the rrenb_ra&e_ pl ate according to Figure 6; 35
Figure 8 shows an enlarged detail of the nenbrane plate according to Figure

7; WD 2006/ 032156 PCT/ CH2005/ 000529 . Fiqgre 9 gggﬁs a viewhinto a part of
the upper hoGEPHEE Par £ SmPabove! Jlffq:dﬁr H5h3 CviBRES "SR ane
plate of the 5 suctiopaptnfracceaidiveg to a second enbodi ment from above;
Figure 11 shows a |ongitudinal section through the nenbrane plate according
to Figure 10; 10 Figure 12 shows an enl arged detail of the nenbrane plate
accordi ng t oFegguee 101 shawed Faguvie®3 shoves andndngareidimlaltesectfi omhtehr ough

an air 15.rel ease uni rding to | NV lon | t Qi I ment .
Enbodi ment‘cé of the i nvtésﬁ]t%%g%nm?k%fpguarcg]ﬂerds%oﬁsné% %u% F%ﬁdp%%gggg%%% ng to
the invention, such afriom @ovenl e in particular for a breast punp device
for punping off human breast milk. However, the punp is also suitable for

ot her
Figure 11 shows a longitudinal section through the

membrane plate according to Figure 10;
10
Figure 12 shows an enlarged detail of the membrane

plate according to Figure 11, and

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

Embodiments of the invention

20 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

25 suctioning off body fluids.

Only the actual pump assembly is shown. This assembly
is usually arranged in an outer housing. The figure
does not show this outer housing and the electronics
30 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
35 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



applications, for exanple for drainage punps for 25 suctioning off body
fluids. only the actual punp assenbly is shown. This assenbly is usually
arranged in an outer housing. The figure does not show this outer housing
and the el ectwoorsoos AB2kssled for actuating the punpcT@CHADYSFOGOGRISt or age
means, for exanple an accunul ator or battery The punp has an extrenely
conpact structure. One of its |argest elPPerfents is an electric notor 1. It
al so has an 35 upper housing part 2, a mddle housing part 4 and a | ower
housi ng part BLUSHREHPREN BREPI ugged together. An  attachment part 7 is also
provi ded which is a conponent part of these housing parts or, as is the
case here, is_ W) 2006/ 032156 PCT/ CH2005/ 000529, 9 ed onto them On the
attachment paf ¥hetfAEFBCPUSRE PaILt bnetBPESsis &fi &Ieg’ tRARREPF ece 70
on which a casteeld n@ttabﬁmeﬁtthlaa(ﬁE east ohivhikicana kermplagdedy dhve

att achnent rt 7 Iso i haust Thi s exhaust 71 also. | eads
out o he e Bt ORI S ACabihadra s TS BER from
t he outer housi agsoambnima]ms eherettizaust3 ane alsis peesaast The sbaoer
elements 73 10 brace Léggp assterrbll)é in.relation.to anjsout er _housi in
such a way t hat>VF brati 835 St he PPURSRTt B8 Sid TEARATT cFRAPDS und

i nsul ation i s7e2nsatsed. pkbtwuldinge fSssen f;henbE'tgmr do2siowy,t hend ndpau:dual 15

attachnents 70]a 71 t72 re, conn cted via |? dual chann Ie%letocpq g
i ndi vi dual T hd2pilp” THE PHTTTEAr nal’ “SectR 3RS hGis i glfe 3
t hrough the lprape vy panpoatsembdy in stedws itdmattd hen ponper despsierg 20 its

conpact desi gn, é\? giéﬂ ng. LAG® 858Gl Toh ot 'B@%?&?&htéé‘&céﬁn

areas:. a punp unl
a sufficient sound insulation is ensured.

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, is 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 3vand 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.



rel ease unit V and, arranged between these, a safety wunit S. The structure
of the punp can best be seen from an overview of Figures 3 and 4. 25 The
punp unit P conprises a vacuum nenbrane 31 and inlet and outlet control
flaps 51, 52W@hr8R6/P88&BRer with inlet and out!| etPEHGHIRPS ARV0R2P and with
a punp chanber opening 43, create a_cgangction bet ween a punp 30 chanber
43 and a vacuum channel 69. The vacuum nmenbrane 31 is connected to a drive

shaft 10 of ectyl tor - j tiLng JI. plLi pi ece
T for exatife Hinartiendy; Qhit, 0 eonSEpoest o 4 ferefoublilged) o2
motor 1, it Wakhbean | pi&d rewkasmenedbreasr dBRg 384 oan @igdetedrised rhyt hm

Or punp curvenah;agCqdidiy dh Be”&ithEEd)rtP%ﬁ@%%#b At sapepe shgeel y
selected via "a control system WD 2006/ 032156 / CH2005/ 000529 - 10 The

air rel ease @fi EnVtEenprrfeSlaminiaiy LAY dPSBOTINE hseAt aff - r elBEse

merbrane 32, ~aRfLaR @4"réﬁﬁ?éﬁndPﬂénwﬂéVﬁ&f“r%@%é@%‘Héﬁﬁ%hﬁéggbhl by the
latter and is in the formof an ait rel ease nenbrane seat 44. The_ 5 chanber

44' surroundffgiehecrnectefeydd REnisidnerakrase sattackhpenkectadtoi 2hgn air

rel ease attasHEEQEI@ééé)éﬁﬁhnédr7ﬁe|eﬁ§£ ﬁbﬁn&%heé%e'H%hﬁﬁénéebéaﬁe
menbrane seat 44 is open at the bottom that is to say on the side

directed awa$?f ricm BRI afF oL RY tRIMbr BRBL32S ard 28Yadoitke aStffst air

rel ease opendngebded§ dvtey vahve phat i apdlaaseconemieidné el3easeaggeni ng 67
of the | ower hou5|nghp%$t 6. This second air rel ease ogﬁnl 67.1s
connect ed! ¥i 8398REFaciuit ERENFAT 65163585 aPREY " ali%e Cha B31¥fd to the

i nl et openingléfe 15 and a second air release opening 67 of the
lower housing part 6. This second air release opening
67 is connected via the wvacuum channel 69 to a safety
valve chamber 68 and to the inlet opening 62.
15
The air release membrane 32 is 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
air 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 the vacuum membrane 31. The
movements of the wvacuum 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 natural
sucking rhythm of a baby. The assembly functions in all
35 positions, that is to say, for example, when it is
lying or standing on a table or being carried. The
vacuum generated is largely independent of how the

assembly is spatially arranged.



The air rel ease nmenbrane 32 is connected via a connecting pin 33 to an
armature 80 of a lifting nagnet or electronmagnet 8. The el ectronagnet 8
lifts the air release nenbrane 32 and thus frees the air release 20

menbr ane seat geans, air passes throughpbhe cmdighhy S/ channel
W 4%05? P c dﬁ%

72 and througﬁ§t I rst and second air rel ease open|ng gg fﬂ nto the

vacuum channel and the underpressurelin the latter is reduced. Thi s

lifting and Iovverlng of the air rel ease nmenbrane 32 25 al so takes pl ace
according to a predetermined function or according to a function that can

be freely 56|'Fﬁéeds%f"é[tﬁze uﬁggtrgl Cf%‘?éane %%ng_r\rll\gégg %“Wéi&é‘ |shﬁoghgi nat ed

with the novenent vacuum me . enent s of e vacuum
menbr ane 31 agdent tHE arr mlflem@asennem)raﬁelBQrar eopretbﬁablcpnctmﬂdi nat ed

in such a n as, r
01/ 47577 an\d\w ﬁ{?gl(g%geth% to t elqpéntgéedgg%mb% (%?itandE d‘ﬁﬁﬁgd'vgr |m tate

t he natural5 rger@hmger [Byit rﬁ“ﬁl@)f of Pavy. athe rkaadAs ymﬁmhetirl@ns32n &hiis3s

positions, thalslgy,to §§yvef0reﬁ§eﬂeée whse 'tthé 15{}81(” skandipg on a
tabl e or be| ng carY vacuum generated is large i ndependent of how

the assenbl yun@e§pﬁesaur9 anrehge@ummm/mm@@/mogsweoem - 11

The safety unjf- &gogﬁélﬁgghérsgfggga\é@ ve- In the event of a malfunction
or failure of t%e control electronics that coordinate the novenent of the

vacuum 5 nmenbrane 31 and of the air rel ease menbrane 32, this safety valve
ensures thﬁ@ AB@O£§¥ﬁ§ Oﬁothgheunﬂ608ﬁ€§éﬂre tﬁethgaﬁéﬂ? dags tnok begome t oo
great and injure the npther's breast. 10 Accordl n he i pventi on t he
safety unit desgigned with two stages. The first age consists of

first safety membrane 55 and of a semispherical safety

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 Dbetween. At the wvery 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 1s 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



designed with two stages. The first stage consists of a first safety

menbrane 55 and of a sem spherical safety valve closure 46 which has a
smal| lateral opening 46° and which presses on the first safety nenbrane
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pump assembly. The housing part 2 comprises a
connecting rod chamber 23 which is used to receive the
connecting rod 11, the ball bearing 12 connected
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 is
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

housing part 2.

The second level II is defined by a membrane plate 3
which extends at least approximately across the whole
base surface of the upper housing part 2 and thus of
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
the upper housing part 2 and middle housing part 4,
respectively. The lower 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

e oOpérating
cohpringbert héatppel laadsioag parkew s¢ Hee af beegedt pnhedthe



nmotor 1, and the el ectromagnet 8. The notor 1 is secured by fastening
screws 21 onto a notor plate 20 of 10 the upper housing part 2. The notor
can be screwed onto the notor plate 20 and can |ikew se be plugged onto the

punp assenbl 3&"% gﬂfoeémé part 2 conprises a conng&giépﬁzlbgg/%lagg‘%gr 23

whi ch is use e connecting rod 11, the bearin

connected 15 thereto, and an eccentric-w3h-counterwei ght 13. The
counterwei ght 13 does not necessarily have to be present. The upper housing
part 2 also comprissesle. magoeh bhasken A4 Wiigurd & Sapfes ader frehedbe

connecting rod.chanber_ 23 and in.which the el.ectronagn 8. 15 20 secured.

A Tts | oner TSRS 13 o0eE 8. bR gRei A, Bt R bt m e T RREEEL Whi o
protrude downvear divikdedadinsti nescsawsddiaryt hersespondvlstiegeaoffihet safety
val ve is al so ar ed adjustably i A pper. 5 usi part .2. e
second | evel ﬁ‘fbslgl'?lgae%’ ngétézay v%rren%?éa{r}g %IO% & 3§ vé%%c%gg%’engédattgeast
appr oxi mat & ysexomdsstheidhary arase FUrf ate 6brimkd bpperhdovenagnpagt 2 and
thus of 30 the a Ly qgg?r p e 3,8 %99% f | exi bl e
material, in 6§$?PQE|EESQBF¥%%%Q§3an igﬂg?ekg%ieefi in. 4lsééggbe%tering
hol es 30 in iftsrsdgeornerasf &hed dppert awbdicleriseatdangd2i psoBacidds, 34'°
whi ch ensure_vg{\iﬁu rdighdpnd ldauigtight pggrntgggl?_onm%fab%gnghe yppeg, housi ng
part 2 and m ddl'e housing part 4, respéctively. The Tower sealing [ips can
be seen in PRirppeslte Fhdenmedbridree pluse Subsapipsys aved aiz’ extende

menbr ane J L+ desi gped | ha f 2QQ6{ 032156
PCT/CHzooéﬁbd%%%%fléf13€éa ?ﬁia?@?@ggﬁg c%ﬁ e gﬁ%n In Figure %?l? %eair

rel ease nenbreifera@?e has, aandi hhgultaio Ivadier shales ofhitshe riahgprele of

the first subsidiary area 32’ extend congruently with
respect to the sides of 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



Is divided into two subsidiary areas, where a first subsidiary area 32
again forns a triangle, and the 5 second subsidiary area 32'' is forned by
the remaining part of the menbrane and thus has a trapezoid shape. A first
corner of thwofRoes/espssdi ary area 32' coinci des PETYICH200E /000529 the air
rel ease nmenbrane 32. An opposite side of the first subsidiary area 32
extends 10 parallel to an opposite sideldf-the air rel ease nmenbrane 32, and

the two other ,sides of the triangle of the first subsidiary area 32' extend
congruent |y WiEANSr &peaid t Bhend ey 609t ks t Sean§de offt Ha o r the| ease

menbr ane 32-u%bért &hangiibal ef hbskisgbPaditdy v areadBinedids i 6£1 8ssnihack than
the second su sgdiar¥_area,$21%, as__can gg seen in Figures 7 and 8. The
connecting pPR23309s1iBr Add’ i htehr SPFY© 8REN& Free corner of the first
subsidiary area 32'. As can also be 20 seen fromFigures 7 and 8, it
projects u d J east appraoxiatel y_perpendi cul.ar ta e plane.of the
nenbr ane aﬁg@#g 3%?&5?y£§8%ﬂeg¢tgaf8 t gnggﬁaggréjgb.ml i POPE!BEse
menbrane 32 parsuatoupkedthy apbetstand dawerg Housiddy @ordde2 peabrate pl ate
3 further cor rise%fth ]yacuu§% q%gbrane %1 Q%?CQSiS connect dtp the
connecting rdd PEE eﬁ‘?‘g) FonREEEI nYt r Sd $21¢3n B For eI NESGHl 1 $°Bn  the
vacuum nmenbr arample bpoMat( poilgoxtyhetkeiieng )andheamiziilke ltowpisgdpatta

t wo- conponen terial. | al e . prod S rate h ver, and be
connect ed toatﬁ%; ﬁ%ﬁ%%éﬁéaé%addyiﬁggg'se%bﬁggﬁg%eﬁggggun#%%%b%%ﬁ% %s

seal ed of¥0fpbanehdaweper fand. mdid| etbousidey Paces,2,i?d ilsy peavided a

second seal i ng il BdAra13® ¢ HEWRLARGIR) A& ddd L AgE-HRUPTIFeS, i he second
respectively, 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 wvacuum
membrane seat 43 for the vacuum 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.



menbrane 35 of the safety valve. The latter, as can best be seen in Figure
7, has a v-shaped openi ng that WO 2006/ 032156 PCT/ CH2005/ 000529 - 14
wi dens toward the bottomand is sealed off fromthe upper and m ddle

housi ng partsy@.200dpoiEpee of a third sealing |ippét/crbbos/98bso9nds it.
5 The third level 11l is formed by the mddle housing part 4. Like the

upper and | ower housing parts 2, 6, it- s preferably nmade of a solid
plastic material, for exanple POM (pol yoxynethyl ene). The m ddl e housing
part 4 is par® -¥piped it had £Pgieapper gt apenbred glare Pbwer

face. On its gifde fAGARs hh hf1REOYLEEEdheWnbiipVWalinband gowayasdby
directed catches 40, 41, respectivel t he upper catches 40 engaging into

the upper Idﬁwﬂﬁﬁl%¢$p§i2§GGPn@heCQBééPlhd§§ﬂhgEﬁﬁrtWﬁﬁcﬁhdfOFW§ | ®her

catches 41 engadidy kO ¢k alcRek Neh&hbds. 19.c6Q 19y t &Rai OWelonhOEBE NG part
6. Centering holes 42 are _also present which are in alignnent. with the

centering Shote™d ePRtkelndimtans? pl BhETS. 12 r 808E4Es S ddut hiPt he

bottom and wish $RBth 29 rAndsAl arc ORPREEATY SPenl REhneUte Y esighnéD t he
m ddl e housin art 4. One of these recesses Torns the vacuum nenbrane

seat 43 for tHe VEEARACHeADr &N AMMFHUOUHERI nBETERE Alth R9fbetPiA second

of these recess@sect DidiBcRasaé Bt y4ChOSHhE égpof the first safety stage. 25
The chanber 44', with the nenbrane seat 44 arranged therein for the air
rel ease nenbrane 32, is also present in the mddle housing part 4. This

seat 44 hao Bhérifangd amesihamd ns6hi 6f exaip| esafdwy chalver 44’ absoa
ocessed. M shapgg {guah. b LAASE BeATA SONCElEd D SR the Hporel cace
comprises the first air release opening 54, which
ensures a connection between 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 lower housing parts 4, 6. All the
elements of the valve 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 1is 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.



preferably of silicone. It is formed by a valve plate 5. This too has
centering holes 50, at |east one pair 35 of these centering holes 50 being
in alignment with the centering holes of the mddle housing part 4 and of
the nmenbranwopkane/832W862006/ 032156 PCT/ CH2005/ 0G@IY/CH20 05/ 000E2 Y/ al ve
plate 5 conprises a first control flap 51, which forns an inlet for the
vacuum chanber. It further conprises'aléeéond control flap 52, which forns
an outlet for the vacuum chanber. Leading away fromthe 5 second contro
flap 52, there is a double sealing lip 53 which surrounds an upwardly open
connecti ng cirhanelowéd arcwiges iptaﬁrhesl Oﬂ\@ftlﬁ@ﬁsicﬂgﬂ;ﬂﬁmesﬁ andfsesks this
connecting channe 64 at the top. 10 F@St menbr a %¥H§1 % t he safety
val ve is al s§**f8 ﬁﬁdrﬁﬁﬁii%ﬁ* iﬁePﬁEa%a gvﬁFéPE 5w' P18 &Fso
conpri ses thénfletstopeninel «sase A)peyucrtgmcmcmhuabr enstiees EaxaEneahi on
bet ween thg aiglr | ease nenb seat é seco%gTaJr rel eas ﬁpening
67, which ?s°%5'§ réﬁﬁ@&331 qrﬁ??ﬁ}?gG e | RarVFaus
el enents of tbethalvecphmt@h&nmai|&9t&MUEqﬁxng(knimhehlnap@eroﬁnﬂhbomer
sealing lips; Fge§eaﬁo& r%;qﬁlv% to Ee gﬂ&ﬁ“ Igwggthoggégg parts 4,
e-‘va 30

6. Al the enents o ve pl ate are pre abl y "produce
integral ly wchhouphb [tdiet egsafdtie aflvie |apesiing c@&pwihg@él tie Ldkewikeusi ng

part 6 and BgﬁlghéécggeﬁttQ%h H7afEEere W@z tep&ay P&t §H§9a9¥ a

si ngl e conmon | hown they can to one
anot her byopﬁﬁgoéoﬁhecfi§ﬁ§ stIge ﬂ@m@mrH@9§dng part 6 |s shomn in Figure 4,
and in another perspective viewin Figure 5. It also has a plate-shaped

design, its underside form ng the base of
The connecting channel 64, open at the top and sealed

off by the sealing 1lip 53, extends in the lower 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 leaving 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.



30 the punp assenbly. The |l ower locking clips 60 project wupward at the
sides, such that the |lower catches 41 of the m ddle housing part 4 can | ock
into them Centering pins 61 are also present which also project upward and

can be gui deg biyo@UIR Aty centering holes 30, 42, pEroEy3BoEREoHEREr ane
plate 3, of the mddle housing part 4 and of the val 5\2/)e pl atz 5. These

centering pins and centering holes make/ i+ easier to stack the individual
| evel s on one another and thus permt rapid assenbly. WO 2006/ 032156
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housi ng part and opens i'nto outl et opening 63. This 15 connecting
channel 64 mwh ed>It oopﬁé9§@@éndoa| rofr eprEsedopbhetg Bl yFaseht in the

l'ower housing Rt £ hdS K&BnDE-8RENI han'a%‘&rl%é Hdiewrannagid g idannel 64
ends in an exhaust attachnent 66 whi ch can be plugged 20 into the exhaust

71. The secdiiiagia FharRsel openi ARd6PPenEadoTeo e EERARLAt txAchnent

part 65, 1whigfe i i £0NAESE ednhpet haHar east n'?@léiagea?nteﬁa%ﬁ!%@t i e5gcd0.  This
construction permts a{;g)le cleanln of .the punp. 25 m | k or anot her

suctioned | iafifid gEH&Ei 4 ol R he bﬁhﬁ aPﬁetIhélnt eqruwlﬁ%laf%g fi%ished with

wat er or airz2the.the connecting pin 33 being arranged on the thin
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 1longer secured in a corner, but
approximately midway along this long side, as can be
seen in 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 1s shown in Figure 12. However, the
opening lying below this, that is to say the air
release membrane seat 44, is 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 via a
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directed away fromthe thick subsidiary area 32'" . It is now no |onger
secured in a corner, but approximately mdway along this | ong side, as can
be seen h Fhgur&egend| tahas ré-‘r]sef?ﬂ%e?l?lf%d 32dat hewe 20 FUREEI oRAFity is

better ensured)bhskhene@mractiig, PhRichsS caft & ably¥séqr BRd e t herstde wal |

44"

of the
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air release block 320. The second air release block 321
closes a second air release channel 327, which is
connected to the wvacuum channel 69. The second air
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
release block 320 is lifted at first and the first air
release channel 326 is freed. If the armature 80 1is
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
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
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
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.



chanber 44', as is shown in Figure 12. However, the opening |ying bel ow
this, that is to say the air release nenbrane seat 44, is preferably
triangular as 25 before. In this case, the connecting pin 33 is preferably
arranged exagjd Yaguwéefo3desgorner of the triangul ar pael/egssosiiodwse9l3 shows
a further enbodi nent of the air release 30 valve according to the
invention. The rest of the punp can be Hestigned the same way as descri bed
above and is therefore not shown again here. The air release body is not a
menbr ane her &heyusurhipaad®ump f 3¢ aeddbnaf itost thad Inyeadiderai f?h??é@é%@ bl ocks
320, 321. 35 e fds Stsdidrde! aavankees 328l Spibiﬁglfa% cppaectedqing the
armature 80 of the lifting nmagnet 8. I't is conhected to the second air

rel ease bl ockEWAL19R2 B WD YEBBIB32186 TPCFrefdodR RSy cangalserke, soft
spring el enerfrGRicaddi Rek bR a0y Chhd i328asTheor akakhibng . clip 323 is
secured, via a second, harder spring elenment 324, on a base body 325
surrounding the air rel ease body. The base body 325, 5 the first air rel ease
bl ock 320, the retaining clip 323 and the two spring elenents 322, 324 are
preferably made of plastic and are all designed together in one piece. 10
The second air rel ease block 321 has a first air release channel 326, which
can be closed by the first air release block 320. The second air rel ease

bl ock 321 <closes a second air rel ease channel 327, which is connected to

t he vacuum channel 69. The second air 15 rel ease channel 327 has a greater

di anmeter than the first air release channel 326.



If the armature 80 of the nagnet 8 is nowlifted, the soft spring el enent
322 neans that only the first air 20 release block 320 is lifted at first
and the first air release channel 326 is freed. If the armature 80 is

lifted furthwo, 200h6/0880586 is then nore powerful aPdT/CHOWIS,/@ OOB2 shar der
spring elenent 324, is able to lift the second air release block 321 and
thus free the 25 second air rel ease chafflel 327. A connection is t her eby
created now between the first air release channel 326 and the vacuum
channel 69, and the underpressure in the punp is reduced. As an alternative
or in addition to the springasy off ffefeardncd reiggidh, abut nent el ements 30
can be provided which Iimt the travel of the first and second springs.
Therefore, in this enbodinent too, the air release body is lifted such that
it at first Bnly frepsmpanhiof the 35 air rel ease opening, with the result
that |less force is needed at _the beginning of the lifting novenent than at
the end of>tfie novenBht . *Gb°3866PB32156 PCT/ CH2005/ 000529 - 19 The suction
punp accordi 8g to theafavgntinah therefore affords several advantages. It
provi des wide-ranging functionality within a very snmall space and can al so
be produced inexpensively and is easy to assenble. W 2006/ 032156

PCT/ CH2005/ 000529 -f2pstllevedf reference signs P punp unit 5 V air

rel ease unityyS saf efy.HRht 1bvERrst level 11 second |evel
10 III third level
v fourth level
v 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 alr release membrane
327 first subsidiary area
32" second subsidiary area
33 connecting pin
35 34 first sealing lip
34’ second sealing lip
3477 third sealing lip

35 second membrane of the safety valve



10 11l third level 1V fourth level V fifth level 1 notor 15 10 drive shaft
11 connecting rod 12 ball bearing 13 eccentric with counterweight 20 2
upper housing part 20 notor plate 21 fastening screws 22 upper locking clip
23 connect i ngr e 25 24 magnet chanber 25 }

menbr ane plaﬁg %§8%2§g%;ﬁﬁm)hole 30 31 vacuun1nenb%§%§ OgszbggF%gse
menbrane 32' first subsidiary area 32'21 second subsidiary area 33
connecting pin 35 34 first sealing lip 34" second sealing lip 34'"' third
sealing |lip 320second imsthraine rfl ddwe Selfetly val ve WO 2006/ 032156

PCT/CHZOOS/OQ%??Q '321c>3 O first, air rgLe se block 321 second air rel ease
bl ock 322 fi spriﬁ§:§}|ﬁ%ﬁ %ﬁ&?ﬁ%ﬁeﬁ ?éb clip 5 324 second spring

el ement 322 first spring element
323 retaining clip
5 324 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 air 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



325 base body 326 first air release channel 327 second air rel ease channel
10 4 m ddl e housing part 40 upper catches 41 |lower catches 42 centering
hol e 43 vacuum nenbrane seat 15 43' punp chanber opening 44 air rel ease
menbr ane sedWO 210106 6032156 44'' side wall 45 air rBCEACB20054000828 20 46
safety valve closure of first stage 46 _|ateral opening 5 valve plate 50
centering hole 25 51 first control fl%m?252 second control flap 53 sealing
lip for connecting channel 54 fiyst air release opening 55 first nenbrane
of the safet8’ val ve S | Ber FotRTNgCRER 2960 | ower locking clip 61
connecting pidh 62 i ndxefetoperige SmfSeput | et openi ng 64 connecting channel
65 breast shield attachment .part 166 exhaust attachment WO 2006/ 032156

PCT/ CH2005/ 000529 -VZ2Hum chaune |

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



67 second air rel ease opening 68 safety valve chanber 69 vacuum channel 5
7 attachnment part 70 breast punp attachnent piece 71 exhaust 72 air rel ease
channel 73 spacers 10 8 |ifting magnet 80 armature 9 adjusting screw - 23
THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE_-AS3FCOLLOANS: 1. A nethod for operating
a suction punp, in particular 5 a nmenbrane punp for generating a vacuum
the suction punp having an air release valve wwth an air release body
which frees an air rel ease opening at cyclical tine intervals and closes it
seal i ngl y agai n,THEh&ATaCIMe IDERINING HEHE t INVENTION | 2RBAHOHYLLGWS i fted 10 in
such a way that it at first only partially frees the air rel ease opening
and thereafter frees a larger partial area or the entire air rel ease

openi ng. 2.1.The Aretdidbdsf ot adpedatinglaisndtiém mhmegh theparti¢glael ease

body is.at first r@g;g%gg r [ ' at -area. 3.
The net Rod as clai'med in J(:Ilgklmlrﬁg gfoﬁné%%%%@fﬁ% %P\?&re éagggb%gggllgﬁat first

renoved at a comep dfaving R0 air relezse opkve ngltl arheinerébease cl ai ned

inclaim1l, in wj fd r ;L he. Al el gasenbody Lscpdfirst
lifted in or de\rm%t f‘??leled}g rlefe'g% %lll(r)i]fltel e%_seésc an‘ﬁ%ﬁ, gn% a g% second part
of the air rel edsianoditervaherndfekasesn 1t sealingly again,

characterized in that the air release body is lifted
10 in such a way that it at first only partially frees
the air release opening and thereafter frees a larger

partial area or the entire air release opening.

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

opening at an edge area.

3. The method as claimed in claim 2, in which the air
release body is at first removed at a corner of the

20 air release opening.

4, The method as claimed in claim 1, in which a first
part of the air release body is at first lifted in
order to free a first air release channel, and a
25 second part of the air release body 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 release channel, and the two

channels being connected to one another.

30
5. A suction pump, in particular a membrane pump for
generating a vacuum, with an air release valve, the
air release valve having an air release opening, an
air release body which can close the air release
s opening sealingly, and an actuating means for

actuating the air release body, characterized in that

the air release body can be actuated in such a way



order to free a second air rel ease channel, the second air rel ease channel
having a greater diameter than the first air rel ease channel, and the two
channel s bei ng connected to one another. 30 5. A suction punp, in particular
a nmenbrane punp for generating a vacuu with an air rel ease valve, the

air release valve having an air reIeaEeg%pening, an air release body which
can close the air release 35 opening sealingly, and an actuating neans for
actuating the aEMamele@sﬂlquynjghaﬁacﬂﬁyiwamrdr1i&uﬁt ﬁﬁﬁs&nﬁréeéease body

can be actuated | such : %; fﬂ%55 1Qn 0 e%gs of th vaI it at
first frees onl%y' g'pa |§ §§%% Yhe'al r fele eopeth iy ahd™ hereafter
frees a | arger Mremealftareimest ke lentgere paaitriale| eeese mpetrhmgent'slﬁe The
suction punp as _glai in which. the air release body is an
air rel ease nenbggﬁgg%%(§% 6%&?%§1the air rel ease nenbrane has an edge
area ats which it can at first be renoved fromthe air release 10 opening
upon openi ag of 1 Sien bl S USLARAUID e h o otk i SAAT b0
menbrane is con@dat & led s la?dmtm @rbfaltmefel1534$¢ thePrRRMet 2R aln

connecting pin, \#dH K. %q@n%lergeemnrerﬂb%&%\% eth tqaddeapéd el ease
menbr ane at thls edge area thereof . The suction punp as clained in claim

7, in which theV drine@n mf pﬁlﬁfﬁts 1%9 EERFOEE DVEFO® et kT ofe i fRsa r
rel easgoopeni ng.opfanikhe W3 PP &5 waiyed,dn claim 7, in which the

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

15 lifting magnet via a connecting pin, and the
connecting pin is connected to the air release

membrane at this edge area thereof.

8. The suction pump as claimed in claim 7, in which the
20 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 is formed integrally on the air

25 release membrane.

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

30 membrane.

11. The suction pump as claimed in one of claims 6
through 10, in which the air release membrane is made
of a plastic, in particular of silicone.

s
12. The suction pump as claimed in one of claims 6

through 11, in which the air release membrane has at



connecting pinis forned integrally on the air 25 rel ease nenbrane. 10. The
suction punp as clained in one of clains 7 through 9, in which the
connecting pin is arranged approximately perpendicular to the air rel ease
30 nenbrane. 11. The suction punp as clgined in one of clains 6 through 10,
in which the air release nenbrane is na of a plastic, in particular of
silicone. 35 12. The suction punp as clained in one of clains 6 through 11,
i n which the ai dleeeltease mentnane drat tdte 251g9d emsta onenpbises, aand t he edge

area conpri ses @Lteaslte%g{ef cg}]e He t%.e;%ahgte e ch@rﬁé)f ner. 13. The suction
C 12,

punp as clainmed in one o al ms roug in which the air rel ease
menbrane has a pol ygonal basic shape, in particular a square or triangular

basic shapgy 14 ntne. SUCldPIHRHID: 85 £l GBI 4 Nodieopl « ¢h#h8Be6 10 1 hr ough

13, in which the air rel ease rane has a ftirst partial area with a
| esser fhi cknes$ieha Isecordl Wakeh atherabr wekeas greafbranfi Bkheds, and in

whi ch the edge §Agdchal dRd drbadde {nISdrPaFliat 2a588ardSo#S5. The
suction punp as claimed in clainms 13 and 14, in which the air rel ease

menmbr ane has a SFIAWWET P2sHapEaP%- which the two partial areas each have
a square basic shape, and in which the connecting pin 20 is arranged on a

| ong side of the thinner partial area directed amaéffr m t he _t hi cker

partial aréed 16T SALT FPUPRIGS aSL 2B Feti P21 F nF1810Fnlwhi ch t he
0

1 through 13, in which the air release membrane has a
first partial area with a lesser thickness and a
second partial area with a greater thickness, and in
which the edge area is arranged in the first partial
area.

15

15. The suction pump as claimed in claims 13 and 14, in
which the air release membrane has a square basic
shape, in which the two partial areas each have a
square basic shape, and in which the connecting pin

20 is arranged on a long side of the thinner partial

area directed away from the thicker partial area.

16. The suction pump as claimed in claim 15, in which the
long side has a center, and in which the connecting
25 pin is arranged in the area of this center on the

thin partial area.

17. The suction pump as claimed in one of claims 5
through 16, in which the air release opening has a
30 polygonal basic shape, in particular a square or
triangular basic shape.

18. The suction pump as claimed in one of claims 6
through 17, in which the air release membrane is

35 substantially plane.



| ong side has a center, and in which the connecting 25 pin is arranged in
the area of this center on the thin partial area. 17. The suction punp as
claimed in one of clains 5 through 16, in which the air rel ease opening has
a 30 polygonal basic shape, in particular a square or triangular basic
shape. 1B. The suction punp as clainmed 6 one of claims 6 through 17, in
which the air release nenbrane is 35 substantially plane. - 26 19. The

suction pump W tTha@rs@tidel gags Vatlean agir CraldBdei Gadt¥, 0Be of clains 6
through 18, in i ch he air release valve has an air rel ease ggngrane,
and in which thiS3Ted et RaRRY n¥Br&het bita ¥athtRtEg nefbr AHeWHLEd to
generate the vacthinzie ctesegoedval v agial dy abrtheléase nkmbraagnon
menbr ane pl ate. im;19, in which a

2 ..ThgaSUﬁtégn pu as. claimed in glag
part of this nenbtane” pfate?i h%s?gﬁéﬂe%§a%?s%?@ 52180 REnBr IAEYSF a safety
val ve. 21. The sumtbhommeuapedstcl gémerbte ehd heacotmchaendeibgnadd 20, in

whi ch the pump CONPLISER) AN UPPEL BOURI DY o PaLL, Ui hLeCeLves gdl IfLing
magnet for actualing 1S The air rel€ase nenbrane and recélves an electric
notor for actuating the vacuum nenbrane, a mddle housing part with an air

' el ease menby anepseal il G olfip PLOVEfleth 8T hNE) BhF 18! C3RE, MERY ane and
whi ch surrounds an air re Se opening, and w a vacuum 20 nmenbrane seat
for the vacuum nembt ape, thihd wehbvene hbasenys pdesigoedf asnbngaderacuum

channel, Joet ween ﬂéﬁbragéeg§eaogggggg fo¢,@n inlet opening of the vacuum
the me

menbr ane seat, rane plate ing arranged between the upper and
m ddl e housing parts, and a

21. The suction pump as claimed in either of claims 15
and 20, in which the pump comprises an upper housing
part which receives a lifting magnet for actuating

15 the air release membrane and receives an electric
motor for actuating the vacuum membrane, a middle
housing part with an air release membrane seat which
is provided for the air release membrane and which
surrounds an air release opening, and with a vacuum

20 membrane seat for the vacuum membrane, and a lower
housing part for forming a vacuum channel between air -
release opening and an inlet opening of the vacuum
membrane seat, the membrane plate being arranged
between the upper and middle housing parts, and a

25 valve plate being arranged between the middle and

lower housing parts.

22. The suction pump as claimed in claim 21, in which the
valve plate and the membrane plate are substantially
30 plane.

23. The suction pump as claimed in either of claims 21
and 22, in which the valve plate and the membrane
plate are made of a plastic, in particular of

35 silicone.



25 val ve plate being arranged between the mddle and |ower housing parts.
22. The suction punp as clained in claim?21, in which the valve plate and
the nenbrane plate are substantially 30 plane. 23. The suction punp as
claimed in either of clains 21 and 22, in which the valve plate and the
menbrane plate are made of a plastic; 2h particular of 35 silicone. 27 24.
The suction punp as clainmed in one of clainms 5 through 23, conprising an

exhaust andg . optrhenahlatich p\(ﬁ%ﬂl&@ AlAGhEenn 3k I dlaiwd ease attachnent
which protrude froman outér ho

usi.ng of the punp. 5 25. The suction punp as
claimed in clai METERIENF 324 CTHT 1HTEh 3h SRR A% adiRIeHANT 5L ¥ orfred
integrally on wheuuwawer tiebsidig Rald andicandiegennaciachment hehiaxhaust
f or med integrall&_%p %ﬁ}gﬁ;achnent art. 10 26. The suction punp as clai ned
in one of clainE 2tTY G 28 GUF SN WS 1 Ywer'® B e and upper
housi ngs parts can be plugged together so as to forma closed housing
assenbl y. 27 .. The suction_ punp as cl.ained in-cla m26, i ich the
housi ng asé bl yThies Ssuljclésltoéjhtqugqﬁ fsvvactlear n|1eg tfand can e e%‘lll&us%%’d rough via
a breast punp awhacimeam exhaudte ssttranlisterand ¢ Horanad risltesgea bpendmg. 20 28.

oD PR M e S G e OB AL Al oS 1
first exhaust formed integrally on an attachment part.
10
26. The suction pump as claimed in one of claims 21
through 25, in which the lower, middle and upper
housing parts can be plugged together so as to form a
closed housing assembly.
15
27. The suction pump as claimed in claim 26, in which the
housing assembly is substantially watertight and can
be flushed through via a breast pump attachment to
the exhaust and the air release opening.
20
28. A suction pump with a safety valve, 'as claimed in any
one of claims 19 through 27, in which the safety
valve has a first step which opens at a first
underpressure, and a second step which opens at a
25 second underpressure, the first underpressure being

quantitatively lower than the second.

29. The suction pump as claimed in claim 5, in which the

alr release body has first and second subsidiary

30 bodies, the first subsidiary body being connected to
an armature of a lifting magnet, and the second
subsidiary body being connected to the first
subsidiary body via a first spring element, and the
second subsidiary body having a first air release

35 channel which can be closed by the first subsidiary
body, the second subsidiary body closing a second air

releage channel, and the second air release channel



under pressure, and a second step which opens at a 25 second under pressure,
the first underpressure being quantitatively |Iower than the second. 29. The
suction punp as claimed in claimb5, in which the air release body has first
and second subsidiary 30 bodies, the first subsidiary body being connected
to an armature of a lifting magnet, amBthe second subsidiary body being
connected to the first subsidiary body via a first spring elenent, and the
second subsi di apyvDPAgYahg¥eRges tallaﬁtet@w chakease 35 .channel nhiclhyesan be
closed by the first Subsidiary body, the second subsidiary body closing a
second air rel E88B1€hannel, and the second air rel ease channel - 28 having
a greater dianeter than the first air rel ease channel





