- 1 Suction punp with air release valve Technical field 5 The invention
relates to a suction punp with a safety valve according to the preanbl e of
patent claim1l. Prior art 10 Suction punps are known for a w de variety of
applications. However, they can preferably be used in breast punp devices
for punping off breast mlk, or as drainage punps for suctioning off body
fluids. 15 There are suction punps in-clhosed systens which at all tines

nove the sane air wﬂthsnckhanpgﬁﬁ§6ha%healr HauR4uee vale&@ punp systens are
al so known with an air % Tch can be opened cyclically via an
el ectromagnet. 20 The requirenments placed on these suction punps, in
particul ar when they are used as Teichailcajufdeldare ;quite high. They shoul d
be as powerful as possible but, at the sane tine, relatively small.

Particularly 25 in their use as breast punps, they should be able to
oper at e w3 hThe niimrenteiont erelnces sando s hodwt thieore gsymp owithean. sEimtmr y of

t he |nvent|on%1?gtgéc d%ﬂ o@begh Oérégﬁbigvéftbge?ﬁg gﬁe a suction punp

whi ch can be ds-Basi y as possi ject i s achi eved by
a suction punp having the 35 features of patent claim 1. The suction punp
according to the invention has an aipyjd:elagase valve with an air rel ease
menbrane, and this - 2 air rel ease nenbrane and a vacuum nenbrane used to
generate the vacuum are designed integrally in the form

10 Suction pumps are known for a wide variety of
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.

15 There are suction pumps in closed systems which at all
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.

20

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

25 in their use as breast pumps, they should be able to
operate with minimum maintenance and should be easy to
clean.

Summary of the invention
30
It is an object of the invention to create a suction

pump which can be put together as easily as possible.

This object is achieved by a suction pump having the
35 features of patent claim 1.

The suction pump according to the invention has an air
release valve with an air release membrane, and this



of a common nenbrane plate. 5 Arranging the air rel ease valve and the vacuum
menbrane on the sane plate neans that these elenents are |l ess expensive to
produce and are easier to assenble. In a preferred enbodi nent, the punp
conprises an upper 10 housing part, a mddle housing part and a | ower
housing part, with a nenbrane plate ang a valve plate being arranged

bet ween the housing parts. This divisiofi neans that several elenents can be
fornmed on the, sane. structur ggrt. én agxi%pkgrm %Praxgc ane 15
needed to géﬁ%ﬁeﬂﬂ?%ﬁﬂ§QJnﬂgp§F8 Sur@™afu UREYATY MFeredse ne rane needed
to rapidly qaamefat@ethendacpumsaueedeségnbd fiotegataildyedmnaltihe dronthe sane
structural pagt I |g€ ve flaps can also be forned
integrally on & oM 5%8 Téuc ural %% 20 Electric notor and el ectronagnet
can be secured in the sanme housing part By dividing the punp into several
level s, pree fﬂ%%{}#\/&l eyels e&@ﬁs@u%‘?ﬁ'{reo‘(and' 'E@fevkl%%unp%{én%x%{é be
reduced to a mni out aV|ng to give up the conplexity of the punp
assenbl y. 2FThithencians| plpsgudesnshetbat ethgisreRiMRNEF £KE

assenbl y, b%xgéﬁgl«% NEYI gBSAhBE RhQUupti 88s28H t8s8888hY1E0Sts. A further
advant age of this nodul ar” construction with 30 several levels is that the
punp can be cleaned by sinple flushing, w thout having to be dismantl ed
into its i nﬂﬂlvhdp&lefmirba diybaod imeiet oftm@epembausmph:eaé'sn@n tuppde

out si de, S e i S_neede es are rior.art to
absorb mi} ?%kﬁgﬁ%spﬁﬁ h §5m%§§§§d%1 nﬁh?aﬁﬁnﬁngﬁﬁ'; Aiehat e

noi se. Howepart, t heyth ase mgmispace phatéae mmaanzh]t\mdpﬂ.ategiheimg seto
unpl easant odr.nsed nAcRLehetheIneTReMy Bl AN A H:SH AbATsAA f or

that several elements can be formed on the same

=)

structural part. In particular, the vacuum membrane

15 needed to generate 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
be formed integrally on a common structural part.

20 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
having to give up the complexity of the pump assembly.

25 This not only reduces the outer dimensions of the pump
assembly, but also minimizes the production and
assembly costs.

A further advantage of this modular construction with
30 several 1levels 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
used in the prior art to absorb milk that has been
35 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.



actuating a suction punp permt the smallest possible design of the punp
yet at the sane tine allow short punp cycles. 5 1n the this preferred

nmet hod, an air release body, which closes an air rel ease opening of the air
rel ease valve, is at first only partially lifted. In this way, a smaller
force is needed than if the whole air release 10 opening is freed in a
single step. The neans for actuating, "i A ﬁarticular for Iifting the air

rel ease body_can tferef q%.éess ower and(%E (? q§1que snaller

1f an el ect romdyH ]FEe se%f“ 2 Jl%e% c Y neaan§r SISt i VAT Y YW power t ype
can be used. acﬂiln&tiﬁ@sen gusct e , puhpn gmininmgt}m@ smallilestnpaoswilale

rel ease body, the el t can_at f| e Jhan it does
at the end o?e?h%nm? e %JI"%‘ S ?tﬁl l{@é a%%?‘ ab”lffn??oaﬁ?L g’orsté owever,
is sufficiempuRl Cpcleee arelatively snall opening. It is therefore
possible to use a relatively small and thus also inexpensive el ectromagnet.

Moreover, the air rel ease opening can be nade relatlveI¥ | arge. This
ensures a ripi chanddisat pspferrede Melee®r esdur aizndretpasef Ry, 25 the

desired funcyhoprl thysek Hhe ﬁ%eﬂées@uapeﬁﬁﬁgl ?szr eaehesi rl 2 rygdes per
m nute. However, it can also operate optinall a cycle rate of 50-72

cycles per nYaiive: ¥Reaf @&r§5m9%9YaP%rFéa%éYtF&@F&glyPﬂ)Qﬂﬁ%zﬂﬁ%'for
stinul ation, at BRasteendoene fier neéareassamml igf tHecadtold ldir | FeBegsef erred

variant of the above,nentioned nethod an edge area of the air rel ease

body is ai 0t PPERINGsipg a FPOﬁ]?ﬁﬁgéFr Lépease opening. A minimal anount

of force is needed if this edge area coincides with a corner of the air

rel ease bOdyThé ﬁeans 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

15 such a means, a relatively low-power type can be used.
The reason is that, when pulling up or lifting the air
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

20 to free a relatively small opening. It is therefore
possible to use a relatively small and thus also
inexpensive electromagnet. Moreover, the air release
opening can be made relatively large. This ensures a
rapid cancellation of the underpressure and, therefore,

25 the desired functionality of the pump.

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

30 suitable for stimulation, the second one for expression
of breast milk.

In a preferred variant of the above mentioned method,
only an edge area of the air release body is at first

35 removed from the air release opening. A minimal amount
of force is needed if this edge area coincides with a
corner of the air release body.



The air release body is the nenbrane. The lifting of its edge area is nade
easier if the lifted edge area is |less thick than the rest of the nenbrane.
The air release opening is preferably polygonal, in particular 5 square or
triangul ar. The menbrane too is preferably polygonal, preferably square or
triangular. To permt easier lifting of the nenbrane, a connecting pin can
be secured to it or integrally formed of it, 10 and this connecting pinis

connected to_an arnmature of the lifting nmagnet. This nnectdn i Q1S
preferably gﬁ?ué?éﬂ ?%f?%%eegﬁgyéﬁﬁi gPet%5”#5ﬁﬁ#%né§$ﬁaﬁlg%9g¥£ J;the air
rel ease openitg. eligaeuera tile mewkbcand exan faltde lbef thabigyimeel awed Bsrai sed

flange, in ich case th C ect.i pLa i o] ed r air
rel ease opgﬂ?ﬁa bl l?%sﬁgéglo%%%higgggi§%§ #ﬁﬁgg@?%ﬁ?%@%é cgﬁgec%?ﬁg pinis
desi gned so meleaske operdbice is epneferabbyt polygobedne,in tpastpogkable to

over come Osg'PXrEr C&{JCEE‘?LQ.h ghated Ao aﬁl%ﬁlgfﬁ}h ol el gh ed ot OhpL ABEES1IyErTOrs
in the angle the el ectronagnet can al so be conpensated. Good results
wer e achi eveBOU¥DRBaS, PsRAEERPAY FAHANRI OF t¥ippgwedTi-ntegrally on an air
rel ease nenbrane nmade of silicone and which, by nmeans 25 of suitable

t hi ckening of the material, has, sufficient stiffness. It can be forned
thereon in alRi REEAIFafifstier HohkvERd PR &DSi MEMPTERS0diFrerPne Rk B ast i city
of the matepial in tbe cerneed N pio wif fivesgihdl pKkEoirmednweabie, about
its point_of attgggnent. 30 . The above.nentioneg gngpdinent with the_air

CElgE afe

rel ease nBPIn &R T C TP H O (R oS FORR 20 1S aqbant age
that it ensutke |ledidtimght negseand Thius, copasdt T apliyy vilEenpusédrablya br east

punp, ensures. i o_l.eak of th u -off m her
advant age ofg%kgggggvégﬁhi?%nggsgdgﬁ%%nﬁésshg %@%%f@he'gﬂéf @b$8£5
the air release opening. However, the membrane can also
be designed with a raised flange, in which case the
15 connecting pin is not arranged over the air release

opening but instead on this raised flange.

If the connecting pin is designed so as to be movable
relative to the membrane, it is possible to overcome
20 any production-related or assembly-related tolerances.
Errors in the angle of the electromagnet can also be
compensated. Good results were achieved wusing a
connecting pin which is formed integrally on an air
release membrane made of silicone and which, by means
25 of suitable thickening of the material, has sufficient
stiffness. It can be formed thereon in a hinged manner.
However, in a simple embodiment, the elasticity of the
material of the connecting pin suffices to make it
movable about its point of attachment.
30
The above mentioned embodiment with the air release
membrane that can be actuated in an edge area, has the
advantage that it ensures leaktightness and thus,
particularly when used in a breast pump, ensures there
35 is no leakage of the pumped-off milk.

A further advantage of the abovementioned embodiments,
particularly as regards the use of the membrane, is



particularly as regards the use of the nenbrane, is - 5 that no springs are
needed, and the nunber of individual parts required can therefore be
reduced. Since no spring has to be fitted, the work involved in assenbling
the punp is also reduced. 5 In a preferred enbodi nent the suction punp
conprises a safety valve, wherein the punp cannot be inactivated by

liquid, in particular mlk, that has beeh sucked into 10 the punp and has

accurul ated there. This suction punp has afety.valye wth ir st age
whi ch opens Egaﬁ f it %ﬂﬁ%?%?es%ﬁ?e,Qﬁﬁﬁaézrlﬁﬁgecgﬁﬁ :ﬁ%ﬂé?%miéﬁ opens
at a second tndévpdesiur parfhe fequeirdd ureder phes=sifioerel sbguaneduaedvel y

| oner than the cond.__ Thi -sta i of_t e sures
that miK cHURSE got s S, BB HE GIFedR g bl Patvafydd R
opens even i assembdiagt the puwer yissleilgist r2dudedi-ati on fromthe idea
underpressyre, it will still open, in the event of clogging, when the

underpressure is at a higher level, that is to say in an energency
situation. The second val ve prevents the entire safety valve from opening

at too small 13 deviAdfOPrePUbmbbdiRentt thk QRRRS drelddk) YebipAlls€8ERIENCY
situation. The suction punp according to the invention can ,therefore reduce

the vacuum i Fafetel FEVE v IRHain ithe RIHP WwamRE Peolhachivaree. Prhe punp
according toltieidQ inwvephirenchisasuindialid,e it ahubdeeed iQidked into

applications. .1t is suitable in particular _as a breast punp for suctioning
of f br cast Onthe &HH‘Paéné’ag’Pﬁ ﬁ&&g‘m%£&h%ti oning off body fluids. The
punp assenbly according to the invention is suitable in particular 35 for

use in a portahl e breast pu as is described in rticular, i ill to be
publ i shed P S5H S _p has 'a safety valve wlPBL 5O BE Etgge
which opens at a first underpressure, and with a second

stage which opens at a second underpressure. The first
15 underpressure is quantitatively lower than the second.

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 wvery slight
20 deviation from the ideal underpressure, it will still
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

25 still opens reliably in an emergency situation.

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
30 invention is suitable for a wide wvariety of
applications. It is suitable in particular as a breast
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
35 for use in a portable breast pump, as is described in
particular in still to be published PCT/CH 2004/000061.

Further advantageous embodiments are set forth in the



Furt her advant ageous enbodi nents are set forth in the - 6 - attached patent
clains. Brief description of the drawi ngs 5 The subject matter of the
invention is explained below on the basis of preferred illustrative

enbodi ments depicted in the attached drawi ngs, in which: Figure 1 shows a
perspective view of the suction punp 10 according to the invention w thout
outer housing; Figure 2 shows a view™ of° the suction punp according to
Figure 1 frombelow,_ 15 Figure 3 shows a | ongitudinal section through the
suction punp®hteshaingatsn iﬁiﬁémfr Figure 4 shows an expl oded view of the
suction punp 20 according to Figure 1; Figure 5 shows a perspective view of
a | ower housing part of, t.he syctian.pu r di . jgure 1; 25 Figure
6 shows a view of a nent?rré"nee pea%cerq'(ﬁtqﬁ%g °af§&ce| 5%%5%11% éaccordi ng to Figure
1 from above; 30 Figure 7 shows a |ongitudinal section through the

menbr ane pkat.e_a r.di ng .gu . JFlgur h J ail of

t he nmenbr aér']e&‘ﬁSI %@%J%gc%orr&c?&n%l?oéﬁi glﬁ?el%}eggﬁlg?ig&\r% %&)s]ﬁé(}\/\rgécge]\gleggv&’i nto a
part of the @ppethioubaags paft preheunbede;illystragive l1ombedimentsi ew of a

menbrane pl aggp@ttkbheinSthkl R tBUARA2ETAWIhES ,t IndwhEehnd embodi ment

Figure 1 shows a perspective view of the suction pump
10 according to the invention without outer

housing;

Figure 2 shows a view of the suction pump according to

Figure 1 from below;

15
Figure 3 shows a longitudinal section through the
suction pump according to Figure 1;
Figure 4 shows an exploded view of the suction pump
20 according to Figure 1;
Figure 5 shows a perspective view of a lower housing
part of the suction pump according to Figure
1;
25

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

30 Figure 7 shows a 1longitudinal section through the

membrane plate according to Figure 6;

Figure 8 shows an enlarged detail of the membrane
plate according to Figure 7;
35
Figure 9 shows a view into a part of the upper housing

part from above;



from above; 5 Figure 11 shows a | ongitudinal section through the nenbrane
pl ate according to Figure 10 and Figure 12 shows an enl arged detail of the
menbrane plate according to Figure 11. 10 Enbodi nents of the invention
Figure 1 shows a suction punp according to the 15 invention, such as is
suitable in particular for a breast pu device for punping off human

breast mlk. However, the punp is also ‘suitable for other applications,

for exanple for draina unps for suctionin ff body.fluids,. 20, Only the
actual punp 5%§BH§I§Oig%§ﬁ8mn? Tﬂ?%wa§§%nﬁiy“%W®rﬁ§ﬁél%§a5Fra85edQP% an
outer housing. The figeuetidaepumpt sshmrdimcs toutaersdosd ngmbodinaéet

el ectronics needed for actu%%%%g the punp, or any energy storage 25 neans,

for exanple an accunulgfgp I bat'tery. The punp has an extrenely conpact

structure. One of its largest elenents is an electric notor 1. It also has

an upper hoysi part m_ddl i art nh a 30-beyer pausi ng
part 6, mh?cﬁigg%ebg&pﬁégw%d Fbgggﬁgﬁgﬁﬁﬁgugité%Qﬂght part 7 Ts also

provi ded which is a co afe paeteopccpssdngots g gpder $0%mrnds is the
case here, is plugged onto them 35 On the attachnent part 7, there is at

| east one breast shield attachnent _piece 70 on which a connect'ng tube to
a breast shi ERGYEEN 18e SHoWggedn TREL1aTE8ennERt2pArt OL7 BRSO @%ﬂbF 88€s an

exhaust 71. This exhaupllatt alce@rdifg teadsqgae afi .t he outer housing. An air
rel ease channel 72, also protruding fromthe outer housing, and spacer

el enents 73 are al so present. The spacer elenents 73

Embodiments of the invention

Figure 1 shows a suction pump according to the
15 invention, such as is suitable in particular for a
breast pump device for pumping off human breast milk.
However, the pump is also suitable for other
applications, for example for drainage pumps for
suctioning off body fluids.
20
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

25 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
30 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

plugged onto them.

35 On the attachment part 7, there is at least one breast
shield attachment piece 70 on which a connecting tube
to a breast shield can be plugged. The attachment part
7 also comprises an exhaust 71. This exhaust 71 also



brace the punp assenbly in relation to an outer housing 5 in such a way that
vi brations cannot be transmtted and a sufficient sound insulation is
ensured. It will be seen fromFigure 2 how the individual attachnents 70,
71, 72 are connected via individual 10 channels to the individual areas of
t he punp. The | ongitudinal section shown in Figure 3 through the punp, now
Wit hout motor 1, shows that the punp, "d8spite its conpact design, is

divided into_three clearly 15 distinguishable fungtion areas:]%ﬂgu unit P,
an air rel eh8dd@nPitvodndherPuiRiediBeEiRen PReSer FLHARY CHAMRSS. The

structure of 7bheapgop prt MRBIINEf @R Nthe oButap boeisingy afndi @m@sré and 4.
20 The punp uni conpri ses a.vacuum ne raﬁﬁgfl and _inlet ag%lqyglet
[ |

it P
control flapgng?ngﬁ cASt GgethePre§fth: WAt CEETSHER nG2 62, 63
and wi th a pbpacechasbeumpperisembdy ,ircrredtas imrc drnent | ot diet heesiag punp
chanber 43_and a. _vacuum_channel 69. The vacuum i nect ed
to a drive shif F’ufg 8f Wﬂe%aagctvrl%cra-gr%ﬁnosf Lh\PloarEE arg) é(’:gl{r}ﬁae%%?i:%tér%dg 1? ,
coupl i ng pi esestiZfitoentesanpbeiasbdbtibeanengnsamddeccentric 13 and, by
means of this notor 1, it can be lifted and | owered according to a
predeterm ned rhythmor punp curve or according to 30 a rhythmor punp curve
that can be LEeetVylielleet e?pant a fnpoftigsiresy 3t ehPwTheha rindiebdealnit v

conprises anaéEéphﬁEﬁ%ée V@! Ve71,Wi th aei'réli ledrileRAsR) MeRRr aﬂ@dﬁ@id&aﬂ an air
rel ease 35 ogenlng mglch can be cl osed tlghtl% gﬁﬁthe latter and is in the
&8s h

form of ah®affpapeg OnthBr ARE1ydaiadsareRs © ePUI®- surroundi ng t he
air rel ease nenbrane seat 44 is connected via an air rel ease attachnment 45

tothe - 9 ajr release channel 72. The air rel ease nenbrane seat.. 44 is
open at the BBEt GRNGAEAIIE Y Feioh THa"R; 4B Figure S through the

pump, now without motor 1, shows that the pump, despite
its compact design, 1is divided into three clearly
15 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.

20 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
chamber 43 and a vacuum channel 69. The vacuum membrane

25 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
to a predetermined rhythm or pump curve or according to

30 a rhythm or pump curve that can be freely selected via

a control system.

The air release unit V comprises an air release valve
with an air release membrane 32, and an air release
35 opening which can be closed tightly by the latter and
is in the form of an air release membrane seat 44. The
chamber 44’ surrounding the air release membrane seat
44 is connected via an air release attachment 45 to the



directed away fromthe air rel ease menbrane 32, and adjoins a first air

rel ease opening 54 of the valve 5 plate 5 and a second air rel ease opening
67 of the |ower housing part 6. This second air rel ease opening 67 is
connected via the vacuum channel 69 to a safety valve chanber 68 and to the
inlet opening 62. 10 The air rel ease nepgbrane 32 is connected via a
connecting pin 33 to an arnature 80 of [ifting magnet or el ectronagnet 8.

The el ectronpanet Bl s Lhe & 1o, f ehase i Ane. J2naneuhus duges the

air rel ease @ hi S7'means, air ses rough the 15 air
rel ease chanmel 122 cgech tdir otgh tblmatblnr sttheatd secd.md say rOneIthQS(?Jd%%ni ngs

54, 67 into ci:b].e?é(@%&'u ﬁ;’i Ffmegche a?.dtrt hee HOGEL PLRSRWagd N3bhe dipfter 1s

reduced. This ing a owerin the air rel ease nmenbrane 32 al so
t akes pl ace adieinsng t binspr eédat erﬁiﬁéaef PReMi®g 264 0rofacEBRdiVRLY® a

function thngly gan ke I,ué&e'av E@E@ﬁhedaly' %eée‘é%@:”&ﬂ)e§¥§§er@7 agd Wigh

function is coordi nate he novenent t he vacuum nenbr ane, 31. The
nmovenent s of LOWRT v Reusiide Mitne® 31 Thi§ cﬁeqcﬁléi Rt FEHLe3se RRANME 32 are

preferably coordisnaiethddtedt|O 5t Be Wakculial chailiEl Cé9Veol & aifdned which
is as described i 01/ 47577 .and ich IS adapted to_the needs of nother
and child orV?ﬁY?aEE%%%ﬁE ﬁ%tﬁ?gltosﬁg ?Hy?ﬂ%?b?gagaaby. The assenbly
functions in all positlons that is to say, for exanple, when it is 30
droely i ThoRBRaeRtTor TRt HRUBBS |4 spAti afFyTatLaNoed i ahet sar et y
unit S conprcseseatsafepynvaBveo bm maat&&ee@@ﬂoﬁﬁazﬂxﬁﬂﬁngumagmebr
e ot AP S SlpaBREL T iRl Lt honbate ¢ heopRucTRl Slrtle
ensur es t hatreheatevatendyrae 32 and thus frees the air release
membrane seat 44. By this means, air passes through the
15 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
also takes place according to a predetermined function
20 or according to a function that can be freely selected
via a control system, and which function is coordinated
with the movement of the wvacuum membrane 31. The
movements of the wvacuum membrane 31 and of the air
release membrane 32 are preferably coordinated in such
25 a way that a pump curve is 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
positions, that is to say, for example, when it is
30 lying or standing on a table or being carried. The
vacuum generated is largely independent of how the

assembly is spatially arranged.

The safety unit S comprises a safety wvalve. In the
35 event of a malfunction or failure of the control
electronics that coordinate the movement of the wvacuum
membrane 31 and of the air release membrane 32, this
safety wvalve ensures that the level of the



- 10 underpressure in the punp does not becone too great and injure the
nother's breast. According to the invention, the safety unit Sis 5
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 | | ateral opening 46' and which presses on the first safety nenbrane
55. This first stage opens even at a‘l%%/Underpressure of about 10 120
nmHg. The second stage conprises a second safety nmenbrane 35 ich.is

cl osed by nedRESEPTSASHAPULT RGSsEMBR S8 4108 BAOMRI R Heni T t
opens, can bénfudef thd hythbradj beeaent of the adjusting screw 9. According
to the invention, it opens at a higher underpressure than the first stage,
for exanple at about 290 mmHg. If m |k or another suctioned fluid

acci dent al | yAgebsdifg i hbo the pinpentiosetttles isaféeyareaiof $heisirst
stage and ca ; s_thro S nd . V] Ladrh ying in
bet ween. A% 5%%595‘5}9 Vr%g%l E%h%%gyé%é, %ﬁ% %&?%g\%eﬁdﬁeé%?sr%t sa et%/

menbr ane 55. firatt isied etoverastbrang 55 t Ard| aft & R™isIMIsEiRl oPgBet 25 opens

at the presefaygbue)ditird la ! WRYSH OREESaC3MaY 1 QAR Lhaiing 46! ease.
The second nenmbrane always opens only when the limt value is actually

exceeded an@Eh¥highpPEEssEs K8 td1e figPt Fafaly MeRRERR 3t agEhi€annot be

soiled, it akveys eReke HdmbldveBOadhe ot irdedpredisredfot hgbgusp can
best be seen_in Flgure 4. This expl oded view shows that the punmp is

di vi ded i h? o1€8vBIEE -1 evels I, II, 111, IV and V, where parts of the punp
unit P, of the safety unit S and of 35 the air release unit V are arranged
on comon | eygls o A ddd Seddd Sohpr LN USMAHY e} ndiSESSE 5LY

which is closed by means of an adjusting screw 9. Its
limit wvalue, at which it opens, can be modified by
15 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.

If milk or another suctioned fluid accidentally gets

20 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 wvery most,
therefore, it can cover the first safety membrane 55.
In this covered state, the latter possibly no longer

25 opens at the preset value, but it always opens early
enough to permit release. The second membrane always
opens only when the limit wvalue is actually exceeded
and the pump has to be relieved. Since the second stage
cannot be soiled, it always opens reliably.

30
The individual parts of the pump can best be seen in
Figure 4. This exploded view shows that the pump is
divided into several levels I, II, III, IV and V, where
parts of the pump unit P, of the safety unit S and of

35 the air release unit V are arranged on common levels.

A first level I, which usually, but not necessarily,
forms the uppermost level in the operating position,



forms the uppernost level in the operating position, - 11 conprises the
upper housing part 2, the aforenentioned notor 1, and the el ectromagnet 8.
The notor 1 is secured by fastening screws 21 onto a notor plate 20 of the
upper housing part 2. The notor can be screwed onto 5 the notor plate 20 and
can |ikew se be plugged onto the punp assenbly. The housing part 2
conprises a connecting rod chanber 23 Whith is used to receive the

connecting rod 11, the_ball bearing 12 connected heret o, and an eccentric
wi th count er WeTght 543. t?‘ﬁe uﬁ)ecrth‘?qﬁm gﬂ?r‘iBSdoé:i"enoaté%%%%alrol ?/&have to
be present.mdbterupper dwdisitige pailtec? ramegnetnpBi.seSha magaet thahber 24

whi ch is separatechr gy Ehe.cOUASCLERG, ST 9 eARTPEl 2L ANG It sl Gh he

el ect romagne IS~ Sécured. i s~ I"owef "end, "t he upper “nousing part 2 has
15 upper | ockhaguppepsh22sihgcpaptotr.udhed nohoar darlie gijreiehEriePew 9 for
t he second: s e h f ety I IS s § j YVehd the
upper hogssi {ﬁggplgr%o%. 5%8E$hgbsg\élgln de\?éqéelalﬂs%g %;T%ﬁgleggﬂib&y%%n%yr@ane pl at e
3 which extpwR atagsemlappr REmathdysing osPatrke whol €OMpA3€eSur face of

the upper hodshREcPahy #oc@N¢HAMEE0T23 Ligi PMMPsagserblty A rribErae plate
3 is made of a 25 flexible material, in_particular, silicone, and is

rel atively tRPRNCFEIRds &Oft erilng Kd¥ees P3Gl n haaridihe 1% 2RO P Hpper and
| ower seal i nghkirp8o34.artftlan34ccentr i @ASHI e B Feé DFtit and .| i Tk d- ti ght

Comeot ! oy SoyhLEyBghe ol AR s TSI MR P L 0
pl ate 3 conppresenthe Bhe umlezaskonedhyangadl, hiadlsa scdeprdsed ia the
shape of —a pLiA00! GnafBef2BaPG1IRE" i SV G S £ AF Ald E§AEEEE1ng
rod chamber 23 and in which the electromagnet 8 1is
secured. At its lower end, the upper housing part 2 has
15 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.
20
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
25 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,
30 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
a triangle. As can be seen in Figure 6, the air release
membrane 32 has a triangular basic shape. This triangle
35 is divided into two subsidiary areas, where a first
subsidiary area 32’ again forms a triangle, and the
second subsidiary area 32'’ is formed by the remaining
part of the membrane and thus has a trapezoid shape. A



menbrane 32 has a triangular basic shape. This triangle 35 is divided into
two subsidiary areas, where a first subsidiary area 32' again forns a
triangle, and the second subsidiary area 32'' is formed by the remaining
part of the nmenbrane and thus has a trapezoid shape. A - 12 first corner of
the first subsidiary area 32' coincides wth a corner of the air rel ease
menbrane 32. An opposite side of the f1#st subsidiary area 32' extends

parallel to gn Oﬁposite sige gf the air rel.ease 5 nmenbrane 32, and the two
other sides biTtheSPFReRgPE &Pe fRE ST SIPSIGHE S ANFaarda PRI
congruently with d4espeaiet 0 dfhe téiedesief trBkebsbangéebpéinéhe3air Al ease

mb 32. _The tri I first bsi di . gr 32" i , t hi th
'he second sTRTAl bry “drea ofp v PLESE TsTh B8R Bren 52 TSNS 5,
The ponnectipgralthB te fenmedpposaégeal Isjiden tdfe fohee ecior nereldagde first
subsi di ar y? %S@b%n%péi Cﬁﬂdaléﬁ% %%o %%%’éxf 'R %tlf;]eén / t?f&dal?g]t%]tof)r 0] ects

upward at TeasS _ proxinat erpendicular to e plane 0 e nmenbrane
and is fixedthecdrnnmstt eslibsidirryr auear 8280. extiged aicongaiueadd ynewbtklane 32 is

surrounded by.gnfifsto 88! kRGel Re34nL rilpgRMYANG, Pl AL Reiddsder
conprises the vacuum nenbrane 31, which is connected to the connecting rod

11. The connee®Praneod2r1 B bEipppHdari fiidiital FYPoRdiaRE PE@FuM #enbr ane

31 by materias tBsgkeMirkk aikhifaihe bge@@ﬁaogagsgfiiargw@z%@mme'nt aaterial.
It can also be 25 produced separately, however, and be connected to the

p
menbr ane B4 2R R§ SSSBnbPRyFiFHESFadudRfnBnbrane is sealed off fromthe
upper and m ddl e housing parts 2, 4 by neans of a second sealing lip 34'.

30 The mebrane plate 3.t ther £oMPLI peonLhe;30600, P A1S, 3P gL the

corner of the first subsidiary area 32’. As can also be
seen from Figures 7 and 8, it projects upward at least
15 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.

20 The membrane plate 3 further comprises the wvacuum
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
be composed of a two-component material. It can also be

25 produced separately, however, and be connected to the
membrane 31 during assembly. The vacuum membrane is
sealed off from the upper and middle housing parts 2, 4

by means of a second sealing lip 34°’.

30 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
widens toward the bottom and is sealed off from the
upper and middle housing parts 2, 4 by means of a third

35 sealing lip 34’’ that surrounds it.

The third level III is formed by the middle housing
part 4. Like the upper and lower housing parts 2, 6, it



best be seen in Figure 7, has a v-shaped opening that w dens toward the
bottomand is sealed off fromthe wupper and m ddl e housing parts 2, 4 by
nmeans of a third 35 sealing lip 34'"' that surrounds it. The third level I
is formed by the mddle housing part 4. Like the upper and | ower housing
parts 2, 6, it - 13 is preferably nmade of a solid plastic material, for
exanmpl e POM (pol yoxynet hyl ene). The nidb} e housing part 4 is panel shaped

and has a pl ane upper face and a | ane | ower face., On its si aces, is
provi ded 5 w®h RESHGTRRE iénﬂaéﬁwrﬁxgr & ys‘a}?\f\gct@d‘%dtcch@@tﬁélag

respectivel yexéhplgppem C(@bc_zlsy@styﬂw@twg@gieﬂg ITihieO ntJJmElldJﬂﬁﬁIsnlI(g’:l@mgt clips 22
of the upper housin re, 2 Iomer atches 41 e i ng_i.nto | owner

| ocking clipé 60 83 Eﬁe P8R§ ﬁ&'pa?t If%n?@??ﬁgqﬁgﬂ% gﬂg ate 10

al so presentpihneh laowen nfabegnrmnt 1Wst hs idwe «fanegri nge hel gsr@@idédt he

renbrane Bhalech JRIAGPSIES. delaRedadl. s daliemandatt i horm] | ateral

connect i ng” openi ng are housing part’ 4. One
t hese recessésspaﬁmvehylvd‘dbﬂmupéﬁﬁr artches 48 fengadingadobtm n@ﬁ%rane and

thus definegy %Q@ megnlﬁga@@%s A2S @30NG Of I NES & KRLERS §ar( 0F MBaRgSaf ety
closure 46 of the first Safety stage. The c anber 44" wi th the menbrane

seat 44 arrahgedlweffhé'raéiqher%rﬂh@naaglw énge %@mraril@%@ng sChiR®

present in tb@ prddR housEdNohdaging- pabt%se@ten%rhe@ b ildd ausps shape
inthis exangé The charrb r.44' is ,a recessed ped trough, the latter
C

bei ng conh®cBidC PeSFEtaifhich ke LBt alAHER nﬁS‘”lﬁl ﬂv’ﬂ?f%‘iﬁl HiRFel 1V in
turn conpri seslasf Bexolsl enhpl akebrapeepenabl y.of silicone. It is fornmed by a

valve plate 5. This too has centering holes 50, at |east one pair

Two recesses, closed at the bottom and with small
lateral connecting openings, are present in the middle

15 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.
The chamber 44', with the membrane seat 44 arranged

20 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
to the air release attachment 45.

25
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
of these centering holes 50 being in alignment with the

30 centering holes of the middle housing part 4 and of the
membrane plate 3.

The wvalve plate 5 comprises a first control flap 51,
which forms an inlet for the vacuum chamber. It further
35 comprises a second control flap 52, which forms an
outlet for the wvacuum chamber. Leading away from the
second control flap 52, there is a double sealing 1lip

53 which surrounds an upwardly open connecting channel



of these centering holes 50 being in alignment with the 30 centering hol es
of the m ddle housing part 4 and of the nenbrane plate 3. The valve plate 5
conprises a first control flap 51, which forns an inlet for the vacuum
chamber. It further 35 conprises a second control flap 52, which forns an
outlet for the vacuum chanber. Leading away fromthe second control flap
52, there is a double sealing |ip 53 whtch surrounds an upwardly open

connecting channel - 14 64 arrang in the | ower hqusi art 6_.and seals
this connec??n@rEﬁﬁﬁﬁél1@4§ﬂeiiﬂy?¥) 10y HENG | PRFL nénﬁpghép >+ HfthHE safety

val ve is al seonheébingdchahrglabhyatnthbetygplve plate 5. The latter also
conprises the first air rel ease opening 54, which ensures a connection
between the air rel ease nmenbrane seat 44 and a second air rel ease opening
67, which i sThar ranged imentdmardeowss hoﬁsit‘@ paaatfeﬂzy Trelivedi ¥8dualsd0

el ement s I e e Lower

seal i ng Ilps ?gmégaﬁﬁFgéﬁgiéﬁ ?%vghg %%% q%qhn&hp%ﬁggﬂﬁ%u5|ng parts 4,
6. All the ebmp‘emsssof thae Yarse phare sem@sgrecbmmbmgr p?oduceleich
integrally “éﬁgukgg té@ﬁneéélgﬁebgk%ggn|QMﬁi YiFOPIe38S thembPMEE housing

part 6 and the atta ment part 7. These two parts can be forned by a
si ngl e cormofephr 2 @nd a3 ﬁ§c§ﬁ6vw@1+¥er1€,£leaﬁféy02gﬁl%§ &3upI"EH ¢y bhe

anot her by p!aggaﬁgeaecltﬂ Offe 12ekhenb@¥ehgNQasitnds Paktheb idashpataln Figure
4, and in ﬁt er perspective_view.in Fkgure 5. It also has_.a plgge shaped

design, 1% § 8@?§FHe°ﬁoFﬁFn§atW@ BASE S atfe gt REBY e et
| ocki ng cli papp@rpaeiceClowdr ugwal dngt 1tike Hdlesealuehemhateltdtei JeOWed catches

41 of the middle and lower housing parts 4, 6. All the
elements of the valve plate 5 are preferably produced
integrally with the latter.

15
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,
they can be coupled to one another by plug connections.
20
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
the pump assembly. The lower locking clips 60 project
25 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
the membrane plate 3, of the middle housing part 4 and
30 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.

The lower housing part 6 further comprises a first
35 circular recess with central elevation, which forms an
inlet opening 62. A second circular recess forms an
outlet opening 63. This inlet opening 62 is connected
to the vacuum channel 69 extending in the inside of the



the m ddl e housing part 4 can lock into them Centering pins 61 are also
present which also project upward and can be guided through the centering
hol es 30, 42, 50 of the nmenbrane plate 3, of the mddle housing part 4 and
30 of the valve plate 5. These centering pins and centering holes nake it
easier to stack the individual |evels on one another and thus permt rapid
assenbly. The | ower housing part 6 further conprises a first 35 circul ar

recess with central el evation, which forns gn %g!et opgninﬂ 62. A second
circul ar rectQ¥e¥ortRUSHRI 0TS BpentiyS 65 | §Pet TOPpERI RPEFT s
connected tohtbeghactem sheamnel vedvexiopraiing i68 t Writhsiide bikéwbse 15

| ower housin art 6. _This _channel 69 first _.pass t hr h ty val ve
openi ng 68 \Aﬂ?%ﬁgpggl PRefi $&CUGEs PG FVEE gkf%cihgﬂjear%a%/ r\%ﬁﬁ%ﬁgﬁﬁe safety
menbrane 555b6f ofhehéi £srsst agegesiar namgeadedS The connecting channel 64,
open at t top and sealed off by the sealing lip 53, extends in the |ower

housing part 6 and opens into the outlet opening 63. This connecting
channel 64 iTheosessesting t¢hanrebnd4ai CPED radl cblke Speniang 67eptedent in

the |ower hoygkngypamk @ealé%gcqflpb%ﬁ,e%kﬂéhdﬂ G &R 1dGefORDESIhGI
channel 64 ends in an exhaust atfachnment 66 which can be plugged ,into the

exhaust 71. PREtse@ondhi PPediSeadBtepeiitiy BL1et | ORERING abBreakPighi el d

attachnment paphnétinhi Whdrhelc0BBeEGtLAcbANEBLAT @St LBEI ¥lebortid aghpent
pi ece 70._  This construction gernlts S|ngle cl eani ng_ of the Bung. If mlk
§ A agsn 6s

or anot hetOstEtPBAEJOPFRAPE §dt PXPREBtt A8 phifp loYETt ROUFAPLe i mply be

flushed with water or air, the cleaning nedium being pressed or blown in
t hrough the _beast punp attach t piece 70 and |eaving th u ain by
way of the aPP Feredte ERERnAR FRGHRF (e che conitctifg Whdudll &9
ends in an exhaust attachment 66 which can be plugged
into the exhaust 71. The second air release opening 67
15 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.
If milk or another suctioned liquid gets into the pump,

20 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
exhaust 71.

25
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
cross section but 1is screwed into a square thread

30 opening 25. This means that a sufficient passage of air
is at all times ensured.

Figures 10 to 12 show a second embodiment. This
embodiment differs from the one described above in the
35 area of the air release valve. The other parts are of
the same design and are therefore not described again
here. In this example, the air release membrane 32 is
not triangular, but square. However, it can also be



exhaust 71. 25 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 cross section but is screwed into a square
thread 30 opening 25. This neans that a sufficient passage of air is at all
times ensured. Figures 10 to 12 show a second enbodi nent. This enbodi nent
differs fromthe one descri bed above int®@he 35 area of the air rel ease

val ve. The ot her s are of the sanme design and are, th QEF not

descri bed aghf¥Rd "?‘ ¥ 9ft& | OF tRE 7PV r fRSkES FHPIBL i s not
triangul ar, @hlépéquatehalsiobeéﬁr fouhdcdm @rsctiee, Mpwevexggdriat orhect agonal
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arranged on hin irary area two subsi‘diary areas 32
32" are al3?® éub@h@nﬂQﬂﬂQFQyﬂﬂuninth% kohngcerhgnged 9B qhﬂrﬁﬁ%@ranged

on a |ong S'Q@bQidiQ?thkEaSBQS'dﬁ%&Yt%% 813 ard 1AdRd Bvay §3om the
thick subsidiary area It _is now no | onger "'secured in g cor ner but

appr oxi mat el §*fi RAeiP aFBhﬁttaﬁFéaiLéHg SJUREe asthgn HINRYSH Y nPEgut® 10. It

has al so beeBeiﬁgn@ﬁﬂaafgetdﬁeonfun%@abha& icE behé ethamsusassididhg
connecting pin 1 de wall 44'' of the chanber

44' | as %0 sRbHA |:?SF:Cg]d‘r%é yﬁ%%\r/r%%og{]htteﬁ]eeoggﬁ%g SUPSHEIBEY0VPERR s, t hat
is to say thezarr Ttel Qasmmn‘mroaneoﬁgei ecuredr eherabkyrherandohiar as
before"'1tQ£Sr8§§%atéT§ %%%%%%Ingglniﬁiéslong side, as can be
seen in Figure 10. It has also been found that the
functionality is better ensured if the connecting pin
15 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, is preferably triangular as
before. In this case, the connecting pin 33 1is
20 preferably arranged exactly over the corner of the

triangular hole 44.

The suction pump according to the invention therefore
affords several advantages. It provides wide-ranging
25 functionality within a very small space and can also be

produced inexpensively and is easy to assemble.
The disclosure of this application comprises also:

30 1. A method for operating a suction pump, in
particular a membrane pump for generating a
vacuum, the suction pump having an air release
valve with an air release body (32) which frees an
air release opening (44, 54, 67) at cyclical time

35 intervals and closes it sealingly again,
characterized in that the air release body (32) is
lifted in such a way that it at first only
partially frees the air release opening (44, 54,
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The method as mentioned in above item 1, in which
a first part of the air release body (32) is at
first lifted in 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
release channel, and the two channels being

connected to one another.

A suction pump, in particular a membrane pump for
generating a wvacuum, with an air release valve,
the air release wvalve 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
actuating the air release body (32), characterized
in that the air release body (32) can be actuated
in such a way that, upon opening of the wvalve, it
at first frees only a partial area of the air
release opening (44, 54, 67) and thereafter frees
a larger partial area or the entire air release
opening (44, 54, 67).

The suction pump as mentioned in above item 5, in
which the air release body is an air release

membrane (32), and in which the air release

se
el ,

and



5. A suction punp, in particular a nenbrane punp for generating a vacuum
with an air release valve, the air release valve having an air rel ease 25
opening (44, 54, 67), an air release body (32) which can close the air

rel ease opening (44, 54, 67) sealingly, and an actuating neans (8) for
actuating the air rel ease body (32), characterized in that the air rel ease
body (32) can be actuated 30 in such'a:H%y'that, upon openi ng of the valve,

it at first frees only a partial area of the air el ease opening. (44, 54,
67) and thereaft SFTPEERE g%?;r &a‘?t?ggearaérgaor({%é eRti lg;hr gJrt(el ease
opening (44, 54, €. B35 EirBre dect remopedp Asomenthenedin n rlcsse t em 5,
in which the air_rel ease dy_}s i e e , and in

Wi chthe i pol BEAFASTLPREL® &) ?éé?ﬁhééézﬁn%ﬁéﬁb%%f%g% at which it
can at first be renoved fromthe air release opening (44, 54, 67) upon

opem ng ofg (e Vatie: scli ol BuiiCdL Mttt Ry BT 5806d iReAPQYE 44 em 6, 1N
whi ch the actuating neans ? ) isTa lifting magnet, and Lﬁe air rel ease
menbrane (32) is ¢ohelecthd agtuahingnacane (81) ief a HAfiGimg MpIRRihet (8)

viaa connectingapinchdShy and idie st RED) (33) crewrennest ed o
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integral I3° on th?asalclonflglc&&ge %nﬁgﬁnélﬁ?ﬁeﬁease BB (33) e

this edge area thereof.

8. The suction pump as mentioned in above item 7, in
which the connecting pin is arranged over a corner

15 of the air release opening.

9. The suction pump as mentioned in above item 7, in
which the connecting pin (33) is formed integrally
on the air release membrane (32).
20
10. The suction pump as mentioned in one of above
items 7 through 9, in which the connecting pin
(33) 1is arranged approximately perpendicular to
the air release membrane (32).
25
11. The suction pump as mentioned in one of above
items 6 through 10, in which the air release
membrane (32) is made of a plastic, in particular
of silicone.
30
12. The suction pump as mentioned in one of above
items 6 through 11, in which the air release
membrane (32) has at least one corner, and the
edge area (32') comprises at least one of the at

35 least one corner.

13. The suction pump as mentioned in one of above

items 6 through 12, in which the air release



20 10. The suction punp as nentioned in one of above

itens 7 through 9,

in

whi ch the connecting pin (33) is arranged approxi mately perpendicular to

the air rel ease nmenbrane (32).

is

25 11. The suction punp as nentioned in one
of above itens 6 through 10, in which the air release nenbrane (32)

made of a plastic, in particular of silicone. 30 12. The suction punp as
mentioned in one of above itens 6 thFoE%h‘ll, in which the air rel ease

menbrane (32) has at. | east carner, and.the dge _ar.ea % 2') conprises at
| east one of the Q?mb§§nﬁeagggbngh%%rﬁ%rPofygo?ﬁg s§8FF8n ﬁﬁgéas %@ntioned
in one of above phemictlalraughui?e bm whiiehgtherabasiel ehspe-. 19 nenbrane
(32) has a pol ygonal basic shape, in particular a square or triangular

basi ¢ shape.

14. The suction punp as nentioned in one of above

through 13, ILA.whTbk téeckionr gheese asnemenbhen¢d2)imasne f pfstapavei al
(32°) withy a Iesig[ewgh! gk |€?1 aseconf paital tﬂ%eaaé(:?’z'r'eieé{“séh a

greater thrckness, a

In e edge area | s arrange

in the first

5itens 6

area

partial area 10 pepbyanes (3fie hart# ohlpEhpPrastiast iagivad (IR abo¥ethtens 13

and 14, in which ghejakkekel easexnBabr angd(38) Basond sgydfeabasageghape, in
which the two partial 15 areas (321, 32"%,each have a %gﬁarew525|c shape,
£ ng 1ighg'Ride bRet he

and in which the déRnéct Migthih 9983L¢% &

t hi nner parti al

10

15

20

25

30

35

15.

16.

17.

18.

19.

ghgeds. of

aedge( 3Xda is arranged in the first partial area
(327).

The suction pump as mentioned in above items 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 long side of the thinner partial area (327)
directed away from the thicker partial area
(3277).

The suction pump as mentioned in above item 15, in
which the long 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').

The suction pump as mentioned in one of above
items 5 through 16, in which the air release
opening (44, 54, 67) has a polygonal basic shape,

in particular a square or triangular basic shape.

The suction pump as mentioned in one of above
items 6 through 17, in which the air release

membrane (32) is substantially plane.

The suction pump with an air release valve, in
particular with an air release valve as mentioned
in one of above items 6 through 18, in which the

air release wvalve has an air release membrane



directed away fromthe thicker partial area (3211). 20 16. The suction punp
as nentioned in above item 15, in which the long side has a center, and in
whi ch the connecting pin (33) is arranged in the area of this center on
the thin partial area (32'). 25 17. The suction punp as nentioned in one of
above itens 5 through 16, in which the air release opening (44, 54, 67)
has a pol ygonal basic shape, in partTcaPaF a square or triangular basic

shape. 30 18. The_suction punp as nmeptioned in ane of abgve it 6
through 17, in whie(\éﬁ%lt' hé‘“g% T ¥ REeER Q%’rﬂeﬁ‘of&éﬁe ré’?)aqes OBt T i 33?2/ pl ane.
35 19. The sucti oandurp wethuan neenmbraieas@lyalused | bo pertaratlear thet h an
air release valve_a ntione LN e . it th h , o1 n which
the air release va 3gﬁh§%%gnggﬁkgP§ eé%%x%gpﬁﬁéhefﬂségua(ggyg éﬁg fn whi ch
this air rel ease remmoanmefi®2pneapdasevddium nenbrane (31) used to generate
the vacuug are designed integrally in the formof a common nmenbrane plate
(3). 5 20. The suction punp as nentioned in above item19, in which a part
of this menbR8ne Bhet UCI)ans PUHEs afhstbHsl aneshfidt A rbpem (3%) oF a

safety valve. 10,@1chThe Syehiton UM RS MeRdionat | noeatder (9f abgve
items 15 and 20, in which the punp conprises an upger housi ng part (2)
whi ch receives a FepigRgd as a safety membrane (35) of a “safety

valve.

10

21. The suction pump as mentioned in either of above

items 15 and 20, in which the pump comprises an
upper housing part (2) which receives a 1lifting
magnet (8) for actuating the air release membrane

15 (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 1is provided for the air release
membrane (32) and which surrounds an air release

20 opening, and with a wvacuum membrane seat (43) for
the vacuum membrane (31), and a lower housing part
(6) for forming a vacuum channel (69) between air
release opening (44, 54, 67) and an inlet opening
(62, 51, 43') of the wvacuum membrane seat (43),

25 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
lower housing parts (4, 6).

30 22. The suction pump as mentioned in above item 21, in
which the wvalve plate (5) and the membrane plate
(3) are substantially plane.

23. The suction pump as mentioned in either of above
35 items 21 and 22, in which the valve plate (5) and
the membrane plate (3) are made of a plastic, in

particular of silicone.



magnet (8) for actuating the air rel ease nenbrane 15 (32) and receives an
electric notor (1) for actuating the vacuum nenbrane (31), a mddle
housi ng part (4) with an air rel ease nenbrane seat (44) which is provided
for the air release nenbrane (32) and which surrounds an air rel ease 20
opening, and wth a vacuum nenbrane seat (43) for the vacuum nenbrane (31),
and a | ower housing part (6) for form A§ a vacuum channel (69) between air
rel ease opening (44, 54, 67) and an inlet o ening (62, 51, 43') of the
vacuum nenbr dhe sEhe (F3ytiom ﬂﬂ@ﬂheﬁﬁraﬂ%ngFﬁ?% (3D p&NFy 2fr aRfeBe bet ween

the upper and m ddkfshossivirqaaid s262, 4dmpaiéhiggvalneexphate (Hy1peing
arranged between thg nkgﬁye a | ower hou5|qﬁjpartiﬁg4, gb 30 22. The
suction punp as neRt ot e Pt JRCHM |FFERGHNGRT hd 704 P @fe (5)
and the nenbrane pliat eeledxeaks taubstcant | @2)y wiliaote. p22X rdde Soomian punp as
nment i oned %n eithg&tgg ﬁggve ngiE%gB 21 and 22, in which the valve plate

t a

(5) and e nenbrane p 51P§) ar e mafe of a plastic, in particular of
silicone. - 21 24. The suction punp as nentioned in one of above itens 5

t hrough 23, npr RSN exha (7 : i I :aeum g4 t achnent
(70) and an ngr ngegggﬂﬁf%gcﬁﬁéﬁtE%%ZTgagﬁgﬁQ%rg??u%%oY§oéian 5%%uter
housi ng of the puApd 2%, TH& swbi¢bn Punpxhsuabntdtorrehnentabded)i t s 21

and 24, in which gprexhaustc@btaciyenh (88 n$wehoriBdsing e galt Y8y the
| ower housing part (6) 10 and can be connected to the exhaust (71) tornmed

integral | ¥%on an abfatRienPepfiannegtedstoTHdiesuexhanspuniy ds heRMEEned in
one of above integrally on an attachment part (7).

26. The suction pump as mentioned in one of above
items 21 through 25, in which the lower, middle
15 and upper housing parts (2, 4, 6) can be plugged

together so as to form a closed housing assembly.

27. The suction pump as mentioned in above item 26, in
which the housing assembly 1is substantially

20 watertight and can be flushed through via a breast
pump attachment (70) to the exhaust (71) and the

air release opening (72).

28. A suction pump with a safety wvalve, in particular

25 a suction pump as mentioned in one of above items
19 through 27, in which the safety wvalve has a

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

opens at a second underpressure, the first

30 underpressure being quantitatively lower than the

second.

29. The suction pump as mentioned in above item 5, in
which the air release body has first and second
35 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) via a



itens 21 through 25, in which the lower, mddl e 15 and upper housing parts
(2, 4, 6) can be plugged together so as to forma cl osed housi ng assenbly.
27. The suction punp as nentioned in above item 26, in which the housing
assenbly is substantially 20 watertight and can be flushed through via a
breast punp attachnment (70) to the exhaust (71) and the air release
opening (72). 28. A suction punp with-a2%afety valve, in particular 25 a
suction punp as, nentioned in one of above itenms 19 through 27, in which the
safety val ve hiaktet $PF¥FERTsebpment (333) whik®h Bpenseednd fyupsidiary

under pressure, Gadh a(SELPMESiLP 43Pird) M4 Chel OPEEScRAnReECDE)

under pressure, qu first 30, under ressurf,belng qua tltat|v§$y | ower than
the second. “&LCHHEARURE | SHOPHPPhsE RNt 1 BRedSHHS LHLIEY i Pey 5 (3%  whi ch
the air rel easehdoskycdrad §ulbsidibady slecayd (851 5ubbodiagyabedeesd (320, 321),
the first subsidj od 320) iLng connected to an_arnature (80) of a
lifting n%gnet f%g%é%%dg?%%n%gc %%%EUb%?@ig?? %%%9n€3§if 5%#%%8 onnected to
the first subshdnaey HGAY)(320)ing a grea22r fiestetspr ithgreltdwefiys322), and
t he second subsi djar ayi ar fLLS i e nel (326)
whi ch can be cIS%%% %@1%%%¥f%&%%ﬂggbg%%?gigiﬁédéf?%%6§?Lﬁ?ﬁesg @%nd
subsidiary body (321) closing a second air 5 rel ease channel (327), and the
second air regl ease &lniB327) having a greater dianeter than the first

air rel ease channel (326).List of reference signs P punp unit 10 V air
rel ease uf®t V S saf etdiluirfiqlgasq ragiit evel

S safety unit

I first level

II second level
15 III third level

Iv fourth level

v fifth level

1 motor
20 10 drive shaft

11 connecting rod

12 ball bearing

13 eccentric with counterweight
25 2 upper housing part

20 motor plate

21 fastening screws

22 upper locking clip

23 connecting rod chamber
30 24 magnet chamber

25 thread opening

3 membrane plate

30 centering hole
35 31 vacuum membrane

32 alr release membrane

327 first subsidiary area

327! second subsidiary area



Il second level 15 11l third level 1V fourth level V fifth level 1 notor
20 10 drive shaft 11 connecting rod 12 ball bearing 13 eccentric with
counterwei ght 25 2 upper housing part 20 notor plate 21 fastening screws

22 upper locking clip 23 connecting rod chanber 30 24 magnet chanber 25
thread opening 3 nenbrane plate 30 centering hole 35 31 vacuum nenbrane 32
air release nenmbrane 32' first subsididBy-area 3211 second subsidiary area
- 23 - 33 connecting pin 34 first sealing lip 34" second sealing lip 3411
third sealing3lip 5 $9N8ECEAAIEHr ane of the safety valve 4 niddle housing
part 40 uppeng4catchegirét lsewaringatighes 10 42 centering hole 43 vacuum
nmenbr ane seag4,43' punmp cgﬁnber.openg;

second sealing
34" third sealing 1lip
5 35 second membrane of the safety wvalve
4 middle housing part
40 upper catches
41 lower catches
10 42 centering hole
43 vacuum membrane seat
43’ pump chamber opening
44 air release membrane seat
44’ chamber
15 44"’ side wall
45 air release attachment
46 safety valve closure of first stage
46"’ lateral opening
20 5 valve plate
50 centering hole
51 first control flap
52 second control flap
53 sealing lip for connecting channel
25 54 first air release opening
55 first membrane of the safety valve
6 lower housing part
60 lower locking clip
30 61 connecting pin
62 inlet opening
63 outlet opening
64 connecting channel
65 breast shield attachment part
35 66 exhaust attachment
67 second air release opening
68 safety valve chamber

69 vacuum channel



44 air rel ease nenbrane seat 44' chanber 15 4411 side wall 45 air rel ease
attachnment 46 safety valve closure of first stage 46" |ateral opening 20 5
val ve plate 50 centering hole 51 first control flap 52 second control flap
53 sealing lip for connecting channel 25 54 first air release opening 55
first nenbrane of the safety valve 6 |ower housing part 60 | ower | ocking
clip 30 61 connecting pin 62 inlet opeftny 63 outlet opening 64 connecting
channel 65 breast shield attachnment part 35 66 exhaust attachnment 67 second
air release opening 68 safety valve chanber 69 vacuum channel - 24 - 7
attachment part 70 baeaathpenp phtachnent piece 71 exhaust 5 72 air rel ease
channel 73 spacers grggg£ing nagggt h80 grnature 10 9 adjusting screw
pump achmen

pilece
71 exhaust
5 72 air release channel
73 spacers
8 lifting magnet
80 armature

10

9 adjusting screw



- 25 - Patent clainms 1. A suction punp with an air rel ease valve, in which
5 the air release valve has an air release nenbrane (32), and in which this
air release nenbrane (32) and a vacuum nenbrane (31) used to generate the
vacuum are designed integrally in the formof a comon nenbrane plate (3).
10 2. The suction punp as clained in claim1, in which a part of this
menbrane plate (3) is designed as a safety nenbrane (35) of a safety val ve.
15 3. The suction punp as clainmed in either of clains 1 or 2, in which the
punp conprises an upper housing part (2) which receives a lifting magnet
(8) for actuating the air rel easeadtdy ¥laim¥?) and receives an electric
notor (1) for actuating the 20 vacuum nenbrane (31), a m ddl e housing part
(4) wth an air release nenbrane seat (44) which is provided for the air
rel ease nenbtane A32ucaddn whimph wiwhr eundsi mrnraligase | eslses ppeEmi wigichnd with
2 poacuum genbr angyseal, (43 Lot LIS VECHUM TRTHIING AR d S nefBEafle! Oer
housi ng part (6) for formng a vacuum chahne etween alr release
openi ng (44, 54, (82) ,amddanin rvkeiclpehiagais? re3rasas3 nemirandie (FAtuum

menbr ane seat (43 t n ( ei rgan efvaee he upper
and m ddl e 30 houépggr}%aﬁgg?%, %}15 aaﬁlf a:?\%%t?)ve pdgt Eea(l_%)fqhel n\g@ Jgrrléanged
bet ween the ni ddl ¥agHdm Aks HegipRgd partegyallg) ing thehefou®t idn Punp as

clainmed in clai m3omnBnhicabrade ?hgtgaugg.plate (5) and the nenbrane plate
(3) are sgbstanti ally plane. 5. The suction punp as clainmed in either of
clains 3

2. The suction pump as claimed in claim 1, in which a
part of this membrane plate (3) is designed as a
safety membrane (35) of a safety wvalve.

15 3. The suction pump as claimed in either of claims 1
or 2, in which the pump comprises an upper 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

20 vacuum membrane (31), a middle housing part (4)
with an air release membrane seat (44) which 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

25 (31), and a lower housing part (6) for forming a
vacuum channel (69) between air release opening
(44, 54, 67) and an inlet opening (62, 51, 43’) of
the vacuum membrane seat (43), the membrane plate
(3) being arranged between the upper and middle

30 housing parts (2, 4), and a valve plate (5) being
arranged between the middle and lower housing

parts (4, 6).
4. The suction pump as claimed in claim 3, in which
35 the valve plate (5) and the membrane plate (3) are

substantially plane.

5. The suction pump as claimed in either of claims 3



- 26 and 4, in which the valve plate (5) and the nenbrane plate (3) are
made of a plastic, in particular of silicone. 5 6. The suction punp as
claimed in one of clainms 1 through 5, conprising an exhaust (71) and,
optionally, a vacuum attachnent (70) and an air release attachnment (72)

whi ch protrude froman outer housing of the punp. 10 7. The suction punp as
clainmed in clains 3 and 6, in which an?Bxhaust attachnent (66) is forned

integrally on the | gwer housin rt (6) and can _be co cted.to_the
exhaust (71) forné8 inﬁegré?ly&hﬁghoﬁz e (! é%nﬁﬂ?iﬁargg§7)9n§. ?%8 suction
punp as clained i neabeadt cbabte 3(3} hratgh madd noshi eh phestdbeer, imi ddl e
and upper housing Egntslg%,o%,sgaic%nebe pl ugged together so 20 as to form
a cl osed housing g ﬁSPy. 92 TRe™sGCt T on punp as clainmed in claim8, in

whi ch the housing assenbly is substantially watertight and can be flushed

t hrough vi bre p%ggz a h t e h t : ng the air
rel ease opgn?ﬁg (??%. . #ﬁ% %%@@ﬁgﬁgpﬁﬂégggkglgﬁnéﬁ%ﬁﬂggnéﬁ%%hgfa?ns lto
9, in which the athresibbased nenbraREie3ny han anexBauslge @lda (829) at

which it can at fipst Jpg1n1gmoved LA, 8t schRbSASE RNENAAE EAf 254, 67)
upon openi ng of the valve. “11. The suction punp as clained in claim10, in
which 35 the act §gleageneahtachnens a(725 t iy Fhagmertd® £xemMaj A0y el ease

menbrane (32) is coreeChRfisiog@bf ah@ipun®.(11) of the lifting magnet (8)
via a coggecting pin (33), and the connecting pin (33)

7. The suction pump as claimed in claims 3 and 6, in
which an exhaust attachment (66) is formed
integrally on the lower housing part (6) and can
be connected to the exhaust (71) formed integrally

15 on an attachment part (7).

8. The suction pump as claimed in one of claims 3
through 7, in which the lower, middle and wupper
housing parts (2, 4, 6) can be plugged together so

20 as to form a closed housing assembly.

9. The suction pump as claimed in claim 8, in which
the housing assembly is substantially watertight
and can be flushed through via a breast pump

25 attachment (70) to the exhaust (71) and the air

release opening (72).

10. The suction pump as claimed in one of claims 1 to

9, in which the air release membrane (32) has an

30 edge area (32') at which it can at first be
removed from an air release opening (44, 54, 67)

upon opening of the wvalve.

11. The suction pump as claimed in claim 10, in which

35 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

connecting pin (33), and the connecting pin (33)



- 27 is connected to the air release nenbrane (32) at this edge area
thereof. 12. The suction punp as clainmed in claim1ll, in which 5 the
connecting pin is arranged over a corner of the air rel ease opening. 13.
The suction punp as clainmed in claim211l, in which the connecting pin (33)
is formed integrally on 10 the air rel ease nenbrane (32). 14. The suction
punp as clainmed in one of clainms 11 th2dugh 13, in which the connecting pin
(33) is arranged approxi mately perﬁendtcular to the air 15 rel ease
nenbrane (32). 15isTlkenngestiesh prnphas adirairalbadse onembragfai (32)1 2% hr ough

14, in which the ghtsrghgasgragmbhapeo€32) has a first partial area (32")
with a |l esser 20 thickneSs and a second partial area (3211) with a greater

t hi ckness, and in which the edge area is arranged in the first partial area
(32"). 12. The suction pump as claimed in claim 11, in which

5 the connecting pin is arranged over a corner of

the air release opening.

13. The suction pump as claimed in claim 11, in which
the connecting pin (33) is formed integrally on

10 the air release membrane (32).

14. The suction pump as claimed in one of claims 11
through 13, in which the connecting pin (33) is
arranged approximately perpendicular to the air

15 release membrane (32).

15. The suction pump as claimed in one of claims 1
through 14, in which the air release membrane (32)
has a first partial area (32') with a lesser

20 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').





