1 TITLE 5 D aphragm vacuum punp TECHNI CAL FI ELD 10 The present
invention relates to a di aphragm vacuum punp according to the
preanbl e of patent claiml. PRIOR ART 15 Di aphragm vacuum punps of
this type are used for various nedicinal applications, in particular
for drai nage applications, such as wound drai nage or thorax drainage.
They are also well known as breastpunps for expressing human breast
m | k. Exanpl es thereof include WD 96/22116, US 2009/0099511, US
2008/ 0287037, US 7 094 217 and US 2008/ 0039781. 20 The drive
customarily consists of an electric notor which transmts the
rotational novenent of the notor to the diaphragmvia an eccentric, a
connecting rod or another force transgpgi on unit and cyclically

defl ects said diaphragm A di sadvantage of many such punps is that
they ar®e relatively large and |oud. However, in particular in
"hand-free" 25 applications, gﬁe Bg&gﬂshould be designed to be as

di screte as possi bl e and t her ef GP&™4&" YA HBP qui et as possible. In
this context, "hands-free" means that, after being switched on, the
entire device functions wi thout hands, i.e. neither the punp nor the
breast shield have to be held byTWC@OF@Q)Z/ 102437 and WO

2008/ 137678 show exanpl es of "hands-free" expressing devices. The
breast_shield here is in each case integrated in a punp housing and
servesltt Thp@resantanyangpn sdates @i aaginphaagm Vecuugepummedconiing todha picamble of

pressure. g@éf notor is used in each case as the drive. 2

SUMMVARY GE é’qﬁﬁﬂil\ﬂ'l ON5 It is an object of the invention to

provi de a vacuum punp which is designed to be as small as possible.
PRIOR ART

15  Diaphragm vacuum pumps of this type are used for various medicinal applications, in
particular for drainage applications, such as wound drainage or thorax drainage. They are
also well known as breastpumps for expressing human breast milk. Examples thereof
include WO 96/22116, US 2009/0099511, US 2008/0287037, US 7 094 217 and US
2008/0039781.

20

The drive customarily consists of an electric motor which transmits the rotational

movement of the motor to the diaphragm via an eccentric, a connecting rod or another

force transmission unit and cyclically deflects said diaphragm. A disadvantage of many
such pumps is that they are relatively large and loud. However, in particular in “hand-free”

25 applications, the pump should be designed to be as discrete as possible and therefore as
small and quiet as possible. In this context, “hands-free” means that, after being switched
on, the entire device functions without hands, i.e. neither the pump nor the breast shield
have to be held by hand.

30 WO 02/102437 and WO 2008/137678 show examples of “hands-free” expressing devices.
The breast shield here is in each case integrated in a pump housing and serves at the same
time as a diaphragm for generating a negative pressure. A stepper motor is used in each

case as the drive.



This object is achieved by a device having the features of claiml.
10 The di aphragm vacuum punp according to the invention has an
electrically operated drive unit and a 4li aphragm whi ch separates a
punp chanber into a drive-side part and a drive-renote part and which
can be deflected by neans of the drive unit. According to the
invention, the drive unit is an electromagnetic drive unit and the
menbrane is deflected in the direction of a |inear novenent that is
generated el ectromagnetically in the drive unit. 15 Drive units of
this type can be of very small design. OMng to the direct coupling
to the diaphragm and the de?meqv@g-T qulﬁbﬁgm in the sane
direction as the electrically novable part o e unit, conplicated
and space-consum ng force transm ssion el enents are al so not

necessaly., 20 11. i.s furthernore advant ageous tha i.n.cop i,son to
Che ot ey 1880 hiekShRib I GHER p R FaBIH S Apsh if SR el
sai d |ineaspowibtarent is quieter and fewer vibrations and

structure-borne sound are generated. In addition, in contrast to the
known di aphragm vacuum punps, the stroke | ength can be changed. It

can be CO'IMSQJb?e‘%gisia@hiQ@é'dtﬂy%ﬂe@fce Bavify BE FaAReCHlolafim 1Thi s permits
preci se control even undef high vacuumlevels. In a preferred
enbodi ment, the drive unit has at | east one pernanent nagnet and a

coil f i i in.t il LS. anrran n.the coid,.
For mer? wits Elopfiafin Bbhym BARE S REHRL bk RS OGPl G fa e
li nearly dik phéeelwphmgnmléieh seplaatey aapdnqn@altnhfdy nad a dnvessi@Opant mmda drive-
respect to the net..,.an ereLn t col rner.1s gonnected to
e’ aphf<EE 2A0 er ViRt ot e deieed Budianii of HIE- St wibrh Forgt to the
di spl acenmven®dn, thedrBeivnitioaBlEctiomdghictirive Ghit QRd He hdieb-aiesildegan@th
of said coil, former, 3 The coil fornmer preferably has a | ength which
i s nmuch gﬁ@éjcl@F“Q“rféfﬁ lingwr mpypment that iz senerated elepropagiesieatydn she cgn@iun@ e
piece @y in a nunber of pieces. The diaphragm preferably has a

diameter that is nuch larger than the piston. The di aphragmis

pr ef er abl Prige ugiih of thig tyae kkgn b¢ o wdrasmdB slegjgn. miing $o dendizsechupting ta thien
materi al , 4 t r S . T i or.Nel- pr r abl

cer ves. as isPRBR 4o hBlachtrph o TR Rpltagindn G e R & BRIl

a first endvalle nhitof thdrenit)icapiplicaed wsl gacacageaninEdbre tiagsrhivdoe Elrents

transmtted very. directly and precisely. The deflection of the

di aphragma]t?fxso LRSFP Bl ed in a speci fic manner and the vacuum punp

operat®s within a very narrow tolerance limt. The precision

It is furthermore advantageous that, in comparison to the otherwise customary rotating
drives of diaphragm vacuum pumps, said linear movement is quieter and fewer vibrations
and structure-bome sound are generated. In addition, in confrast to the known diaphragm
vacuum pumps, the stroke length can be changed. It can be controlled in particular

25  electronically. This permits precise control even under high vacuum levels.

In a preferred embodiment, the drive unit has at least one permanent magnet and a coil
former with a coil, wherein the coil is arranged on the coil former, wherein the coil former
together with the coil is held in a linearly displaceable manner along a longitudinal axis
30 with respect to the magnet, and wherein the coil former is connected to the diaphragm and
deflects the latter dwring the abovementioned displacement of the coil former in the

direction of the displacement of said coil former.



10 can be further increased if the diaphragmis fastened centrally to
the first end of the piston. The vacuum punp typically operates up to
a negative pressure of 0 to 300 nmHg . The di aphragm can be driven at
a frequency of 5 to 120 cycles per mnute. 15 The piston has a second
end, which, in a first preferred enbodinent, is held in a linearly

di spl aceabl e manner. As an alternative, a second di aphragm can al so
be fast enddetcoil faimaer peeforatiiyens a 1St vhibds dhvgh agpdaten dimni the pridth ehaxbofy It

formed id i t irst diaphragm.and is.likew se arranged 20
inapunp ¢ %baﬂg%l’%{eé[%ear e %lésb lteﬁee?rel?grnélmigrd‘?fpﬁcgs‘; }ap%g@wr?frgragg’%as a
M rror - syrivetatérdbdt ig amicly targer efiadr tab bistoneThe dlaphtagh i ipeREMBEHT Sidsthielly
| ongi tudi nal .axis. thereof. In a Eref erred enbodi rren%,_ .t he novabl e

part of t KECYR qesiel aph B Cqmposed ot & Brimeatesal fpagicpianof iligm6n val ve, and

theref@e the |linear novenment of the novable part of the unit is 25
optionally also used at the sane time in order to actuate the ]
venti| ati diegall femer preferghlpsavesag pisiandar the deflectine of the diaphragon Thaipison
i's arrangegds f Qfisit §iaSatPvh; : t \ '

whi ch o SepearTe AP TR, ot 16 Bk o R A rt Balerfld yoo
t he novabdeesthi andopretisedpefise téfectiandf et dioghragat wan bEeontrdiied ipur gesific

the unit r referably has at |east.one pin which acts on_at | east

one val ve a%rpaélgé% That " CHe? PRYFEP W&B@r?svet%bn?%toﬁ}%?ﬂ% ?ﬁ’c“i © precision
openi N Thebe/fuirther ihtragued i the dibystradah 3 fdred @éntaally @b gt bAT0f the piston.

di aphragm that is fastened to the novable unit part. 4 construction
of the unit is sinplified, and relatively few individual parts are

required. Tht vh&natyanp 2ERAUS obbidtes 3p 6 Q"’}fegétﬁ/erﬁés re 39 t@.3?691§£ﬁ%6:‘ The

controller_are not required in order to actuate the ventilation

val ve. Thiiphisemeas bg crivan at e fieqisincy of/5 told@Orcpelecess ntige.costs. 5 It is
furthernore advant ageous that both di aphragns, i.e. the vacuum

di aphragm and the ventil ation di aphragm serve as a nounting for the
nmovabl ¥ pdhe pistont lwe ametdnd énduwhisbaindi fivgt frefeatd embodmicst, FUighl 1 lingely
t her ef or edﬂ 1agésa%gr}‘lor a relatively long tinme w thout naintenance. 10
In a preferfte exen%ﬂng?y enbodi nent, in particular in the

abovenenti oned exanples, the coil is a flat coil and there are at

| east two pernpnent nmagnets which are arrapged on either side of the
coil and 6fap 6186‘?‘16’?%90&%5 diaphragra ca1so e aptengddo gaigh sgepnends Spighaprond
magnet s e@ﬁbhl@%m% pREraly 4niell idABcAY tb thelPst dla &hd RIRERIE GHanged
exenpl ary enbodi ment, the second end of the piston s nmount eé

di spl feaBt § ryEPvRbEmbei Thexsnis dhsreforenal daule gresp, which is of mirror-symmetrical

design preferably centrally with respect to the longitudinal axis thereof,

In a preferred embodiment, the movable part of the unit is operatively connected to a
ventilation valve, and therefore the linear movement of the movable part of the unit is
25 optionally also used at the same time in order to actuate the ventilation valve. In a
preferred embodiment, the ventilation valve is arranged for this purpose at that end of the
movable unit part which is opposite the vacuum diaphragm. Upon an appropriate stroke,
the movable unit part opens the ventilation valve, For this purpose, the unit part preferably
has at least one pin which acts on at least one valve flap such that the latter opens up a
30 ventilation opening. The valve flap is preferably part of a ventilation diaphragm, that is

fastened to the movable unit part.

Since the movable unit part may also be used for actuating the ventilation valve, the



The coil may be a nmoving coil, wherein the noving coil and the

per mmnent magnet are of rotationally symetrical design and the iron
core passes through the noving coil. 20t There is preferably a
position detector for determining the relative position of the coi
former with respect to the permanent nagnet. As a result, the
particul ar deflection of the diaphragmcan al so be determ ned

unarbi 9UOUsYractldifofAe kit AABKEAL Ba AL ST BRINGAN pRRIS RlouRER IOk

For exanple, a position scale, h is nmonitored by the optical

sensor, cafvapigpeusibatamisparatsnmeter aubs Sefarntereontrolitrearp oot reqvitedsinatiderctan
consist, f ﬁ%qg . ; .ay i ch nove
t oget her &9%ﬁgt e_%g?Fgg%@ﬁ%Fh%éﬁg?géggg%ﬁﬁﬁggggﬁg%ﬁggﬁ&gﬁﬁépposition
detector generates a signal, which is used to control the punp, as a

functi f. t rel atiyve position. o he coil, former, th efl ectjon
of 't he i S BRSPS IPEAth SiopBr i e Ry Eenpire e iy
oper at es wiidthationadishiagri)36v0'es b MRAGRCRr FRNBG aVietfartr g SiReGit, s avoidin
frequency .and anp|itude, Le. with respect to the vacuum obt ai ned. g

for medi ciipEiionys@d Rumg, ik can thergiore ge apsel i ORta srlatively fengeipecwitheny
of human B.@astandd. |k, e. in the area of breastpunps. Preferred
applications are thorax drai nage and wound drainage. 5 In a preferred
br east punp, which has the unit according to the invention, there is

tiet yi ive- f t . Saj |
o0, outE! T oSl Ll DGR B b B h OB Erchel Sl
has a secooitlisch gphoihgnd thirecie std@at @dogrnBaicdt whgsarhitindre atrivze an elher

Thi s di aphr,agm,seryes. as, a ns of separating nmedia and for

ot or ¢ P OF e <6l AR BPef DR RiRw erldtiny Mot a Tot ol ndmana masests exch
gi ve ri seoheitikerifleoyste@@whi ch changes froman initial pneumatic
negative pressure in a breast shield bearing against the breast to a
hydraul i c negative pressure. In this case, mlk which is already

bei ng p ' dnaul | L S
R i R s S s S Ak e s
to the i ndshlereblydetvesnso itve cosend haragheteast punps which apply a
cyclic vacuumto the breast shield and in which the m |k passes into
a mlk collecting container via a path that is separate fromthe air

| i ne. Fur Thecoihthag bt ageatisg esih ediersinths navéngspdcind itledperarddhemegipe attartt
cl ai ns.

Z(I:)otationally symmetrical design and the iron core passes through the moving coil.

20
There is preferably a position detector for determining the relative position of the coil
former with respect to the permanent magnet. As a result, the particular deflection of the
diaphragm can also be determined unambignously. The position detector is preferably an
optical sensor. For example, a position scale, which is monitored by the optical sensor, can

25 be arranged on the coil former, The position scale can consist, for example, of one, two, or

more grayscale bands which move together with the coil former relative to the sensor.

If the position detector generates a signal, which is used to control the pump, as a function
of the relative position of the coil former, the deflection of the diaphragm can be controlled
30 wvery precisely. The vacuum pump operates within a very narrow tolerance range with

respect to frequency and amplitude, i.e. with respect to the vacuum obtained.

Said vacuum pump is suitable for a very wide variety of areas of application, in particular



BRI EF DESCRI PTI ON OF THE DRAW NGS Preferred enbodi nents of the

I nvention are described below with reference to the drawi ngs 25 that
serve nerely for explanation and shoul ® not be I nterpreted as being
limting. In the drawi ngs. Figure 1shows a | ongitudinal section

t hrough a vacuum punp according to the invention; 30 6 Figure 3shows
an expl oded view of a device for expressing breast mlk with the

vacuum purfpr iaedicingli wdg. A uitie preTeddt dpphicaties & Wk BGprkRirlyl FWHuad brdabiOulle,
4shows a device for expressing breast mlk in a second enbodinent; 5
Fi gure 5sHhénd @%Pﬁ FSPrERs- Jirelsred cppitteiensara dhasmd idrgnage 4R ewound
i nvention gidimgef i rst enbodi nent with part of the device according to
figure 3; Figure 6shows a | ongitudinal section through part of the

devi ce according to figure 105; Figure 7shows a schematic view of a

vacuumpuip , ?J?&Qﬁ'éﬁ ﬁgasttp({uﬁpt] gvhicﬂ\ﬁ%g ILhie%'?‘xitiagco‘fflding to the invention, there is an ocutlet

in the drive-remote part of the pump chamber, said outlet being connected to an inlet of a
second chamber, wherein the chamber has a second diaphragm which separates said
chamber into two parts. This diaphragm serves as a means of separating media and for
transferring the generated vacuum outward, Said second diaphragm can give rise to a

10 system which changes from an initial pneumatic negative pressure in a breast shield
bearing against the breast to a hydraulic negative pressure. In this case, milk which is
already being expressed acts as fluid of the hydraulic system which expresses further milk
out of the breast.

15  However, the vacuum pump according to the invention can also be used for breastpumps
which apply a cyclic vacuum to the breast shield and in which the milk passes into a mitk

collecting container via a path that is separate from the air line.

Further advantageous embodiments are specified in the dependent claims.
20

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention are described below with reference to the drawings

25 that serve merely for explanation and should not be interpreted as being limiting. In the

drawings:
Figure 1 shows a longitudinal section through a vacuum pump according to the
invention;
30
Figure 2 shows a longitudinal section through a vacuum pump according to the

invention in a second embodiment;



third enbodi ment including the control unit; 15 Figure 8shows an

expl oded vi ew of the vacuum punp according to figure 7; Figure 9shows
a side view of the vacuum punp according to figure 7 in a partially
assenbl ed state; 20 Figure 10shows a |ongitudinal section through the
vacuum punp according to figure 7 in a first position during the
generation of the vacuum Figure 1lshows an enlarged detail A

accor di ng Fgré B gur eshbiksVirt ék[:p%d%h QR oF @ Nekica b0k phds8iRy béeastndNNGith the
12shows an enl arged det ai | according to figure 10 wth an open
exhaust flap and cl vsEEmPERPEaeariiag to Be inyetiondseoding to figngilt udi nal
section through the vacuum punp according to figure 307 in a second
position during the generation of a vacuum 7 Figure 15shows a

| ongi t udi agurséct i oshowsmcieglee fdrexprassingrhrgranmilla ncrosedomigenito dfnhapitr e

5
Figure 5 shows an exploded view of a vacuum pump according to the invention in a
first embodiment with part of the device according to figure 3;
Figure 6 shows a longitudinal section through part of the device according to figure
10 5;
Figure 7 shows a schematic view of a vacuum pump according to the invention in a
third embodiment including the control unit;
15 Figure 8 shows an exploded view of the vacuum pump according to figure 7;
Figure 9 shows a side view of the vacuum pump according to figure 7 in a partially

assembled state;

20 Figure 10 shows a longitudinal section through the vacuum pump according to figure

7 in a first position during the generation of the vacuum;

Figure 11 shows an enlarged detail A according to figure 10 with a closed ventilation
flap;
25
Figure 12 shows an enlarged detail E according to figure 10 with an open exhaust flap

and closed vacuum flap.

Figure 13 shows a longitudinal section through the vacuum pump according to figure

30 7 in a second position during the generation of a vacuum,;

Figure 14 shows an enlarged detail D according to figure 13 with a closed exhaust flap

and open vacuum flap;



7 during the ventilation; 5 Figure 16shows an enl arged detail B
according to figure 15 with an open ventilation flap, and Figure
17shows an enlarged detail C according o figure 15. 10 The sane
parts are provided with the sanme reference nunbers in the figures.
DESCRI PTI ON OF PREFERRED EMBODI MENTS 15 Figure 1 illustrates a first
enbodi nent of the vacuum punp according to the invention and of a
punp unit according to the invention with an el ectromagnetic drive,
respectively. The punp unit has a housing 90, which is preferably
manuf act uFegird Foom nows adengitudinal ssetiohhibrdugly gherpedon puop ecendipg ta§gere
cuboi dal desi gn. Ax&hﬁﬁnl gﬁ?%%%e and an iron plate 911, 20

respectively, and a perﬁﬁ% 6ﬂ%t 91 attached to the latter are

arranged on one side of the housing 90. The iron plate 911 rests upon

t he houysi 90, such,that the permapent net 91 is ip a recess of,
the housi REESTETHE  petbiih R Coltsali dPaa B pespig o firg wih 4p OPeRFAtigRe
spaced from one anofijerguch that there is a recess 910 between both

parts. 25 An identical construction is al so present on an opposite
side of the housing. An iron plate 911 and a two-part pernmanent

nagnet‘glPa%& ed here. A flat coi
former 92 tﬁpg CO%@“B%?ﬂ?%?éfggﬁiﬁﬁl%ﬁ@ﬂ@%{ ° %g%er 92 runs between
said two mutual ly opposite pairs of permanent magnets 91. 30 The coi

];(r)]; rrg lr,ll 2 iT;hg Isagﬁe Salffg%trealglr%\lii%ﬂlaci With %%_sgrtﬂg P&grel(‘l)cre IBL&%E:I% i El% l%leggreg.es hgn. At

DESCRIPTION OF PREFERRED EMBODIMENTS

15 Figure 1 illustrates a first embodiment of the vacuum pump according to the invention and

of a pump unit according to the invention with an electromagnetic drive, respectively.

The pump unit has a housing 90, which is preferably manufactured from metal or plastic.
The housing 90 preferably has a cuboidal design. A flat iron core and an iron plate 911,
20 respectively, and a permanent magnet 91 attached to the latter are arranged on one side of
the housing 90. The iron plate 911 rests upon the housing 90 such that the permanent
magnet 91 is in a recess of the housing. The permanent magnet 91 consists of two parts,

which are spaced from one another such that there is a recess 910 between both parts.

25  An identical construction is also present on an opposite side of the housing. An iron plate

911 and a two-part permanent magnet 91 attached to the latter are also arranged here.

A flat coil former 92 with a coil 921 inserted in the coil former 92 runs between said two
mutually opposite pairs of permanent magnets 91.

30
The coil former 92 is of substantially rod-shaped or plate-shaped design. At one end, it is
held in a fixed position in a guide bearing 93. The guide bearing 93 is displaceable together

with the coil former 92 including the coil 921 relative to the housing 90 and therefore



held in a fixed position in a guide bearing 93. The gui de bearing 93
is displaceable together with the coil former 92 including the coi
921 relative to the housing 90 and ther®kfore 8 relative to the

per mmnent magnet 91 al ong the | ongitudinal axis of the housing 90.
For this purpose, the housing 90 has a plain bearing 900. The

novenent of the coil former 92 is illustrated by a double arrow in
Figure 1. r8latfheto thdSdrmBnsht Hfaﬁﬁéﬂgl aRh, tl‘feq{)ﬁﬁﬁidﬁﬁl dxs &QH@E&&E@ gl K&t
to a diaphragm referred to here as the vacuum di aphragm 9 The

vacuum di RumosgyhobowsigrY) hag4i main berrinenYlisiThey memmttoﬁéheeml ormder 92 is
t hereof an Sh%ﬁ gggggdg H&%&y$9£qmeen t he housing 90 and a val ve
e

pl ate 95. hragm separates a punp chanber 96 fromthe coi
former 92. The vacuun1d|aphragn194 preferably has a circular outline,

it preferably..hayi e _cyst.omar di aphr.agns dj aphr agm
vacoum o bt e S B S BRnGR T ke e o PR et b8 M
cover 99. ﬂwadumrd@@hﬂ@m% ahekueﬁlaﬁgmagncwa@@g @ins{ 9 he¥sEPIEon the
screwed, another in_ a t achabl e _or nondet achabl e

ht I
manner . Tﬁe }/@gﬁgﬁfﬁgﬂweééweéy gesHibe howsing Yrd aorbie M@E’i The
nunber 99%;d Hratgﬂle 04 Q¥ at%@ a pitep CRMRber 98k Iﬁ%ﬁl Fhd? @4l f&%?'%g R0 {Qhm

the vacuum line 12 is connected to the punp chanber 96. An air
inlet 15 dppphiagm %meferab&mhasmr@nlaggutlm«mrs@rabmmmg@ shage customary for

enviro qggﬁﬁ val v

pl ate ggergﬁa Ig\?’glev nl'et’s gérﬂi{ Q?lge t?)[s{ete%ﬁ?rﬁ%ﬁfbc??w 4l g% houmrlﬁ%

vacuum pu@ﬂsmd These A9 Saldm]hredpmsrardapﬂferablgdemxmed:ted]e’meexahaialeamrewed t1ghtly

alternating electric.curre | ows t.hr the co 921, the

el ectroma ‘%é’fl? @n?tg‘%rl B %(ﬁle@ﬁ'ﬂ? e ‘é‘?ﬂﬁletlaﬁ@%@ow&r CyEes holes are

relative tpemﬁ&ba \m{ e neltentBMeter 991 inAE c6@r 99 P ®ved® BftaSpdr Jf;%nﬁlg
noves t he vacuun1d|aphra m 94 cyclically to and

t
P 'ri Olnno'[ /P Q'Pera@,@ vappgn fige dg” s@ishniy cemnectsd tvé%nwmﬁhfpmbeag% éa 3ig inlet
propor {4 0'6?&115@ 960 ﬁPﬂn'éQ:B{fer@@mHe%e c%nﬁé&fé th 'eﬁwfoﬁ}ﬁ Hﬁgngl E\Emé Rfamber 96

nmovenent of the vacuum di aphragm 94, a cyc I ca acuumi’s
bui It up Vit hhealyapirte Ranthervabe pdatel ©F bagpibe yelves, anlets lard ouﬂepmusw@ry piis)

Th f driven via a
I|ﬁe;?Cﬁgggg%gggyﬁgﬁhggmgénerae%%ﬂRF cb%%%ﬁ%%%?%&%lgfemhereln t he
coil former 92 acts as a piston. i s advantageous that, in

i t ng drive t are. oth S
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sound #r e cBaipes ahe (ﬂhe bl BneP VP rades tr@lalifte toP tHeOferdbdent tAEnStIIOKRe coil
I ength can be changed. 1t can be electronically controlled. This

permts pf®gIeEE2 é@tﬁ fike P PisRIrOT AR sies e asH e diaphsagm §4 gyadispiie Brasdt
and the peyi 1] @ Qbe, et detih® b Be VAudid dggfrﬂ’a%;ﬁir%qs plo §ﬁ%ﬁ£l't¥ gl hrrent

Posi tion and/or noveément sensors are used purpose. In
exanpl e, weppliditaklescgl Eyentaps nbthesnofemant dithé vahuumetigdragnh 4 @sh@dltys

t h2°§i)fi P Bof 6InEomateh s FIE lofi Bk BRHRO a1
The vacuum diaphragm 94 of the pump unit 9 is therefore driven via a linear movement
that is generated electromagnetically, wherein the coil former 92 acts as a piston. It is
advantageous that, in comparison to the rotating drives that are otherwise customary, the
movement is quieter and fewer vibrations and less structure-borne sound are generated. In

30 contrast to the prior art, the stroke length can be changed. It can be electronically

controlled. This permits precise control even under low vacuum levels.

In order for the stroke length to be able to be controlled in a specific manner, the



5 to the longitudinal direction of the coil fornmer 92 to an opposite
detector 98, said |ight passing through the position scale 920. The
coil former 92 in said region is of a t?ansparent desi gn. The
position scale may be forned, for exanple, by one, two or nore
grayscal e bars which, 10 together with the coil former, pass the
sensor. |If there are two grayscale bars running parallel to each

ot her, whelispiRcaie dnash@ pbdiSder GE adH IbinRD 9216 nRBoRESreBpdeBldly.Whsition
graduation, and two sensors are used, the difference between said two

signal s c&RYBempyegesersopieiry usedolor didis gupeserilm shis expnale.tthis takss iplace by
15 The i I CoarRifald A t r ; ef. - ar iN
the reces glgegng%g a%f o.g?%%l %gg?é]lahﬁlélg? cﬁ%e%ﬁeat 8%%%%‘%2‘5’ 1?‘5’3@5*8? %%‘g ?%é)oir?
measur enemrefenblypoeddad an thabeil fomaeni2ed lightysrakcel 95 ssedstitstlightiperpendicularly

el ectroni ntr : f _the vacuu u the current is.applj

o' the bor? Rkrinils Ahebilh ot3fe i TR 220 el Pt d¥ssar ofoRnd i
def | ect i ompassing thiougie thegiosititinscafer BQUEIRCHilTatind? ©2 GO8Hid flelofdds of a transparent
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customari | tained. The frequencies are customarily 0 to 150 cycles
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may al so be a second. di aphragm which is of simlar or identical

desi gn t o Thp@ositienssmeanabe RERsd for exmnplerhysamet tvoj oy mepre Bragsoatedars which,

constrysti gl 5 r i e i r
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enbodi manc"of s SRel s Bty N GRS neht¥h ShilgRE N Bl 5 36 Toeher aven
| i near dr ipvdcizg delueineiin «ffthd fgitdhaphragm In contrast to the
above-described flat coil, a noving coil is used here. The nagnet and
coil are of rotationally symetrical, in particular annular and

cyl i ndry cahhe Gigai @rce' ESRAGKE ¥&ENor A Eﬂ@?l%ifé?%]? Qrragid &) BR rPLSSED10 RELR:
A permanent magnet 91' is arranged at the rear end of the noving coll
renot e fr @pimangnt; magnst 8hsPthehtyprtl of Bxittbnpmeasaeeent aragostible.sThramsastred
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20 mmHg are customarily obtained. The frequencies are customarily 0 to 150 cycles per
7 minute.
As an alternative, instead of the guide bearing 93, there may also be a second diaphragm
which is of similar or identical design to the vacuum diaphragm 94. This results in a
25 symmetrical construction, which likewise ensures guidance and therefore a linear
movement of the coil former 92 within the housing 90. In addition, the second diaphragm

can likewise be used to build up the vacuum such that the flow rate can be increased.

Figure 2 shows a second embodiment of a vacuum pump with an electromagnetically‘
30 generated linear driving movement of the diaphragm. In contrast to the above-described

flat coil, a moving coil is used here. The magnet and coil are of rotationally symmetrical,

in particular annular and cylindrical design, respectively. A housing 90’ is also present

here. A permanent magnet 91° is arranged at the rear end of the moving coil remote from



S extends between the iron core 911' and the permanent nagnet 91' and
the iron ring 912', respectively. Said coil fornmer is guided w thout
contact in the pernanent magnet 91' andi®n the iron ring 912'. The
wound coil 921' in this case surrounds the coil former 92' in this
region. 10 The coil former 92' is also fixedly connected here to the
vacuum di aphragm 94' and acts as a piston for the |linear drive of the

vacuum di apwaaesiadid: séﬁ@geﬂaﬂm%@ga«ag és%edoﬂhﬂiﬁgg%? awufoﬁ cbféemefvﬁﬁ&{lﬁe
nunber 96', the valve plate with ref erence nunb

cover wit i0 £9yact ¥ftrthe Bermener aragoe 91’ ona figwend @é@ﬂiemgf rﬁ@nﬁhﬂw 0pp051te
reference r | et- .h

nanber 9551 RE of i perirk oeft bchlh B inRPAN DB 9 LIS AARE LR inges
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the detector hy 98' and the positjon scale by 920' . The p05|t

scale i s pt Breéwaging AlA" dhe venahenibtal’ ab@w@ﬁse s tescoil 9@1%1‘@8 in this
previ ous )l e, said sensor here is arranged outside 20 the region
of the permanent nmagnet 91'. In this enbodi nent, vacuum val ues of O
to 300 mmHg are custonarily obtained. The frequencies are custonarily
O0tol
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to a contragl unit 15 via lines 16 for supPIylng current and for the
transfer &HetRReANETHE teoteferenceuiimben 89% a4 s hereatlichy iscicaifeh pasitigosengs:

oper at
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SI de par t ?n 81%81‘ io quglgljgfﬁl%qla l.%]g he 1%6%80%1‘0% 1?1 ee olleadri%re Bbﬁwrre%{lenbe mtnﬁger

The correspondi ng €ni ng ousi
covers 9997, @Xletmtorbgd@t hnd 1hep65_éiﬁm scale biy R0’ The pdEh&an&caﬂs sq:\refataeljz ina

screws are not ustrated, A coil carrier r G mey 92

rat corl Tgperenb e chr it b EuTs. sl persHts gmagrd cutidt
wi ndi ngs Qﬁﬁggbnbhﬂw%@hﬁm@g@nmﬁyﬂneund a rod-shaped end of the coi
former 92". Said rod-shaped end preferably has a round cross section.

10 The c0|I 921" has a central recess, in which a position scale 920"

i s arranged ;I R& @M}, %céﬂim LAReE 8k b lfoofdﬁeﬁlm?% ark Subhndfiryt Gbrhil&, Jhe

housi ng can be ascertarned by nmeans of an opposite transnltter an
recei ver dreqemsciss argrcugiBmanly G ted 50 apdles psf mimites. posi ti on scal e 920"

The transmtter/receiver 98" preferably conprises a Iight-enitting
di ode and a photodi ode. 15 The position scale 920" nmay be, for

exanpl & &igrays cal B slsoabahird babphimest dfor vartwa e at@dmgetasm Invention
board are d ofed in the figure

the reference nune 80. Ot h
moans of dat PIFFRITRPREHRRLLY ofsneTa Y linear a%wgbm@ve%wt. qu% ﬁfaiﬂaa@& 1 Said
arranged @ﬂlb@ﬁiﬁleﬁt E8erfiblly Béhshiftds aldevdIBime2 of thd PRhS uAkk sccaﬁﬁﬁgatemhxe 1.

Figure 7 shows the pump unit 9°* according to third embodiment, said pump unit being
30 comnnected to a control unit 15 via lines 16 for supplying current and for the transfer of data.

The control unit 15 has operating elements 150 for operating the breastpump.

Figure 9 shows said pump unit 9°” in a partially exploded view. The individual parts of the



20 magnets 91" and an iron plate 911", that is connected to said

per manent nmagnets and connects the perngnent nmagnets 91" to one
another, on the other side. In this enbodi nent, the pernmanent magnets
91" are preferably of cuboidal design. They may al so be arranged on
both sides of the coil 921", as in figure 1. Simlarly, the magnets
91 of the enbodi nent according to figure 1 may al so be present only
on one Si agit®f’ daheecaldybe s&m iA figarell Mhe papp naig M’ ¥44in has ahaaiged*'Qthaoie

side of the elongate_.coil former 92" and _js connected fixedly to the
latter. Tﬁ’éef?}é@ﬁg?ﬁ“&faﬁgﬁ?da%‘?ﬁl giptal Héglagl%ﬁhwus’&géﬁer g’é‘F‘?‘i( Pbﬂ’}‘fd“g%%@
Wi th groowes, Rlcidiedasboth kideshy HNEIRIreHeer DO RNAPhYcHlfhank itRtdnihg holes
pl at e-shaped. It is preferably manufactured froman elastic materi al,

i n particaP8in theohpusingifPorand irdhe eqyersR9 s 982 ean regdibiobe prendwifigufecy. nghe
92", the dilphf-agmets aRRY IR yth a central hole, as can be seen in
figure 12. 12 eeacﬁ ota'ﬁ(rar angﬁjaa#&é formed integrally with the rest of

the di aphragm 94". Said two wings forman inlet valve flap or vacuum

flap 942 gnd . tlet.valve fl.ap..942. . The..xacuum di aphragm 94" .i.s

f ast ened ogqlﬂgmﬁ?rr%tcog d ot gghe‘%gb? 2% %OHW 9%3 e‘i‘/ﬁgttﬁg%tod?%gﬁ% in the
nmeans. Thépesing Eﬁldfﬂrifl&%’thSm;xﬁTthQél&l ger sgln@mm& ﬁfdpsh&ﬁed%a Jf e doi fﬁnner
pur pose, ,,can_be, seen | igures 8 and_ 12. For this purpose, the
counterpa§§ anid%%ﬁp‘?ﬂe&g@r 4oLy has yepuishieps seetiqnt egral |y f or ned
thereoy The first spacer 940 is of cuboidal design with a hole for
receiving the stud. The counterpart 941 is arranged on the |ower side
of the di dpArradnida™ has peeniral degrsn dnrwliiels at prsitionshle 29607 °0is"areanged. HEhe
first spaggtudf9r aad ﬁ@gﬁg i i ' he lower: end of .t he
coi |l hol dgrgltéZ'l'. t:'AII'llheostu g%%l Egﬁeﬁgéﬁﬁisﬁgg?&%%ﬁ%ﬁﬂ%%% b%gl\%nsa(’ftan
t hread. Aoppdsite tiphsutitieosit reeeier vadgedor 98t drethe bysdy ofXQ7d poShiod swalé 9207,

plate may-he inserted inta.a correspondi.ng recess, of the cover 99" or
Ty be. 1 o NEeTTR LGP PR SEfteret pamPristRa g5 i fitaaad gghondiods.
val ve 1ipemhagssaind scaleve2chamgebs fobaka@ple, UShReRE Yschle! THE ARG aBMan
punps and are cqnnected to fhe valve f|laps 942, 943. A vacuum port
952, whi cﬁssealﬁteaé%ﬁﬁﬁlffylgd@agde@ﬁ denoted igtheBgge by dheirpfergnea aumeal J3l @ther
such t hat nﬁaﬂm&{@rﬂﬁwmgggiﬁghg@ﬁoﬁm@ unit, or nore precisely in a
punp chanber 96", can be 20 applied externally, for exanple in a
breast shield of a breastpunp. Punp chanber 96" and vacuum port 952
are conne P ' I 35 re is.a

cor r espondrng et Aten Agy Y brf AT A BB B, 198 ByThemer
t he vatuumaguosts 993 2nd hearicomplatez¥11€, tlantinesmiected to said permanent magnets and

connects the permanent magnets 91 to one another, on the other side. In this embodiment,

the permanent magnets 91°* are preferably of cuboidal design. They may also be arranged
on both sides of the coil 9217, as in figure 1. Similarly, the magnets 91 of the embodiment
according to figure 1 may also be present only on one side of the coil.
25
A vacuum diaphragm 94 is arranged on one side of the elongate coil former 92°* and is
connected fixedly to the Jatter. The vacuum diaphragm 94°* has a known, preferably round
shape with grooves or beads. It is therefore preferably substantially plate-shaped. It is
preferably manufactured from an elastic material, in particular from silicone. For the
30 fastening to the coil former 92°°, the diaphragm is provided with a central hole, as can be

seen in figure 12.

The vacuum diaphragm 94°” preferably has two wings which are diametrically opposite



25 According to the invention, a second di aphragm 903 is arranged at
that end of the coil fornmer 92" which is opposite the vacuum

di aphragm 94" . Sai d di aphragm 903 together with the rear-side cover
902 forns a valve, that serves to ventilate the unit, or nore

preci sely the vacuum channel 953 and therefore the vacuum port 952.
Wth the aid of said ventilation di aphragm 903, an externally applied
vacuum caﬁa‘g’eo SR fuped afe ir’hy Wﬁgélﬁarﬁs@éé@q fipRhrem AdY - %%%Iﬁw‘? Rangs

the pressisen idinldd QalvaAEYIR BRI Bhp 988:ANH cBtlettv e Yiag Jhn port 952 is
I ncreased, depending on the duration of the ventilation, to

at nospheric pressure. The air for the ventilation originates fromthe

I nterior t | ‘o> Sal ' i r Lcaldy, .
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gener ati orlapfpingliBedriseTheae isunfirsSapackr\9d0 tand atownerpiraPtir fag thi®P@pose, as can

| i kew se connecied fixedl the coil farmer 92". 1t is preferabl
round w t RogRaoaetys Bandied Yot B plogre, ebunipa ! ol e G ot
it al so hamidh ik \WteghBy vk @ekdonOPROSHsE Spadér Va8 is ¥hQILBIdAl dsidneRtt a AR
of said wi_ngs, .preferab] g_hboth wi ngs, forms or forma ventilation

flap 903" fermresiVamthe sid dhe spunpmpahiide arranapd Be thsf lowensidaef the Hiaphragm
i denti cal odes@nulOpdddfaté ! g h i

have a different sh%pe gnﬁﬁgtﬁﬁ[ze. % %@%ee%ﬁg%%éﬁ%od%ngp 3%4%%8&‘3
has a Henopeningiol the kaver ad off the eaihhdider 3%t Eirpentndt amdtshid opersing pietbeabdy varh
902 with ﬁ&&éf@%@ad anpi ng means. The cl anpi ng neans are preferably a

second spacer and a counterpart 909. Said second spacer 904 and

the counterpart 909 are preferably of identical design to the
correspondin S,d.0r the fastening of the. vacuum di aphragm 94". A
stud of t V%B%ﬁ{a%?%g r ° Bgey ma’ﬁ% 80\9%2)& vgﬂd Wg}" Pﬁgﬁe gag berARSHehdtng
corresponding recess of the cover 99”° or may be formed integrally in said cover. The
15 valve plate 95°’ has valve openings and valve channels that are customary for diaphragm

pumps and are connected to the valve flaps 942, 943.

A vacuum port 952, which can readily be seen in figures 8 and 12, leads outward such that
a vacuum generated in the pump unit, or more precisely in a pump chamber 96°”°, can be
20  applied externally, for example in a breast shield of a breastpump. Pump chamber 96’ and
vacuum port 952 are connected to each other via a vacuum channel 953. There is a
corresponding port opening 990 in the housing 90" in order to guide the vacuum port 952,

here a nozzle, outward.

25 According to the invention, 2 second diaphragm 903 is arranged at that end of the coil
former 92’ which is opposite the vacuum diaphragm 94, Said diaphragm 903 together
with the rear-side cover 902 forms a valve, that serves to ventilate the unit, or more
precisely the vacuum channel 953 and therefore the vacuum port 952. With the aid of said
ventilation diaphragm 903, an externally applied vacuum can be reduced rapidly and in a

30 specific manner such that the pressure in the vacuum channel 953 and at the vacuum port
952 is increased, depending on the duration of the ventilation, to atmospheric pressure. The
air for the ventilation originates from the interior of the housing 90°°, said housing not

being hermetically closed to the outside except in the regions relevant to the generation of



15 opening in the second end of the coil forner 92". At |east one,
here two ventilation actuators 923, protrude over said second end of
the coil former 92". In this exanple, ti¥e ventilation actuators 923
are in each case a pin which is directed towards the ventil ation
flaps 903" and runs in the axial direction of the coil former 20 92'.
The pins 923 are arranged on the coil fornmer 92' and are preferably
formed i ntyegvaeinnd. therewith. They are arranged dianetrically opposite
one anot her. The distance of the pins 923 fromthe center axis of the
coil former 92' is dinensioned such that the pins can touch the
ventil ati %@.ldf JARBID dia Phxla m! %3% ﬁ?evﬂ%sﬁnﬂéc?ecﬁ ﬁ’xédﬁﬁtoqm YoiPoRtnBO L, H{ ﬂ
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close to t vacuu er 96", called t ower position here.
can be seél %t%mé ﬁea%ag?%gnttﬁélﬂe Y%éu%lmpﬂraam Gh- &ﬁﬁ“i’ralj rW%’C?éSOr]@é’Fé
on the housfdieht Wapeandof §ige. ventilation flaps 903" close a ventilation
channel 901 runnlng in the housing 90". For the purpose of sinpler
production, the ventilation channel 901 is provided at one end with a
cl osur gy st : \: I r the
| osu & SHARNEiARD SRS Gl ARG ACRLT AP ATA0E L L
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preferably of 1dent1cal de51gn to the corresponding parts for the fastening of the vacuum

diaphragm 94°. A stud of the counterpart 909 is also received here in a corresponding

15  opening in the second end of the coil former 92°°.

At least one, here two ventilation actuators 923, protrude over said second end of the coil
former 92°°. In this example, the ventilation actuators 923 are in each case a pin which is
directed towards the ventilation flaps 903’ and runs in the axial direction of the coil former
20 92°. The pins 923 are arranged on the coil former 92’ and are preferably formed integrally
therewith. They are arranged diametrically opposite one another. The distance of the pins
923 from the center axis of the coil former 92’ is dimensioned such that the pins can touch
the ventilation flaps 903°. It is also possible to use only a single pin. However, for reasons
of symmetry, in particular in order to permit a uniform movement of the coil former 92°°,

25 the use of two or more pins is recommended.

Figure 10 shows a cross section through the assembled unit. Said unit is in a first
maximum stroke position, in which a vacuum is generated. The coil former 92°" is in a
position close to the vacuum chamber 96, called the lower position here. It can be seen in
30 figure 11 that the ventilation diaphragm 903 rests on the housing 90°” and the ventilation
flaps 903" close a ventilation channel 901 running in the housing 90°’. For the purpose of
simpler production, the ventilation channel 901 is provided at one end with a closure

stopper 906 in order to close a corresponding bore 907 in the housing 90°°. For the same



5 Figure 12 shows the situation at the sane point in time in the

| ower region containing the vacuum di aplltlr agm 94". The vacuum

di aphragm 94" is in the | owernost position thereof, in which it is at
its closest to the cover 99". The vacuum valve flap 942 is cl osed,
and the connection between punp chanber 96" and vacuum channel 953 is
interrupted. By contrast, the outlet valve flap 943 is open. As a
resul t, airgaset,ithé othar elvbol e erentlade clmgna P0dfis liRewibe prowuided otithnd elos®6"

is released intR,the housi.ng .90 or .the.outside vig.an outl et
channel - o85Pb{in s WRHRLOD diphagh b3 ettty kel 1 fiopr grimany o
respect i vehyire fideloaird 3 shows the coil fornmer 92" in a second stroke

position. As before, the ventilation diaphragm 903 cl oses the
ventilation channel 901 such that air cannot pass fromthe 15 outside

into the vasmim cRAaRngs si%aonééﬂl@%g{%%ﬁgggﬁﬁ%'tﬁéio% Rl AR he

has conme closer to the ventilation , 1t 1s not “yet ralsed.

Fi gure 14 vetwasdiapiiragn P latheorcivm diaphieggidsh inin thé bweanonl positieptiewgfi
94" on an; i e [ V. u i aphr 947

the cover EPYRBIES abhPBscs ' B8 b8 B AL IO AT LAYE, i e
has a negabineetiqpr bsiswere puiipectantbee 6V adndevdchap @ddned D561 iosiadrupyd. By

contrast the vacuumf|ap 942 is open, and therefare the negative,
pressure Fgﬁﬁﬁﬁgﬁ?ee‘a“\# }SﬁY%ﬂaR/g@dﬁ Peh MTeS‘QB :?lrt%‘htl?l @e\ﬁ&’(‘fﬁ‘tﬂ’ﬁsfﬁ?ﬁ%‘m of
952. 110 i Shel puigp thaibok 196°°VigRélkdsad 198 iRk BDOLod @IS odidadel b QM
dead volune, that also has tQ be evacuated. Since, however, the

venti| at i GRATERFAdarnniag ndhe wlva plate 0y addn theworeada’ . 1eprecitrinnel 901
has scarcely any 25 negative effect on the efficiency of the punp
unit. Figure 15 shows the coil former 92" in a third position in

whi ch it iFigural sewvsvlencdiluiothes 92 lim atsédond plosietrositipn. tAscbefwe, the versilBRa

rai se the 1.l agd - t hussopen connection to.the
ventil ati (C)ﬁrés%g}r? n§e¢3og]8&'lfsa%|§ rV%gtglﬁu%{;gl%aﬂpgo (ﬂt ﬁ%chh ﬁts?lﬁémgt?' pgﬁdﬁppiome
t he oultsi detsidl® itter theglactine chivamenes3. Aitholugh e vandibitiom apbfor 952 landosan
t hus reducg the vacuum.applied,and rai se.the pressure to atnospheric
pressure SE’STIEOgled'égﬁﬁﬁn?éﬂp‘gﬂ’s@qvé%‘ﬁﬂﬂﬁy Kis¢dcan readily be seen in
figure 16. The arrow shows the path of the inflowwing air. 15 As can

be seen in_ figure 17, the vacuum di aphr aglm 94" is raised even further
in this sty [‘bshoymdhis situatiopdn Heaegianal/he yrcuumediprheagm 947 on an enlarged

vacuum geggfialowigs $b HK@ised REcuiACHY AR R0 21 r%ic@q:e%igﬁ of (ltj}lﬁeln\gécuum

flap 943 are both raised and therefore open up the correéspon
openi ndfls. chamber 96’ has expanded and has a negative pressure. The outlet valve flap 943 is closed,

by contrast the vacuum flap 942 is open, and therefore the negative pressure is applied via
the vacuum channel 953 to the vacuum port 952. It is true that the ventilation channel 901
forms an additional dead volume, that also has to be evacuated. Since, however, the
ventilation channel has a relatively small volume, the channel 901 has scarcely any

25 negative effect on the efficiency of the pump unit.

Figure 15 shows the coil former 92** in a third position in which it is raised even further. In
this position, the actuators 923 raise the ventilation flaps 903° and thus open a connection
to the ventilation channel 901, Air can pass from the housing 90°” and from the outside
30 through the channel 901 to the vacuum port 952 and can thus reduce the vacuum applied
and raise the pressure to atmospheric pressure or to a desired base vacuum. This can

readily be seen in figure 16. The arrow shows the path of the inflowing air.



5 Therefore, in said punp unit according to the invention, not only
is the linear novenent of the coil for 92" of the solenoid
converted into a parallel novenent of the vacuum di aphragm The sane
coil former 92" is also used for opening the ventilation valve, the
novenent of said coil former in the same direction as for the vacuum
strokes being used 10 for this purpose. Depending on the position of
t he coil fAsreaprbed@en rielfmgiiey €7,tthe vimmumediaplagm 94H g atis@ilgveanfdrther in this

therefore fo.the housing 90", vacuum i s generated qr .t
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the two otREF$trokes, or it is at |least larger than the stroke in
the samg direction for 15 generating the vacuum Said three strokes
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of the coi] .f 3 . d that therefore friction is avoided. .16
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i | | ustriat genepatinigrtbé vambodBaid niire®ftrokesleini eezentrateliiby the/flectrobRi @nileller 48
has a breastpu 1 first line 2, a coupling part 3, .a breas
Shi el d 4, 158 ROUPd 7! gigelpd menner, & redicBfReln P & evuedeitigy esreor
col l ecting container 7. The breast shield 4 is connected to the

1l via the coupling part 3 and the first flexible line 2.

br east pu | : . "
The secogga‘filt@%il pireke; Jiksthe tyve gther strokes. ingenprated Py ghapleatranis qantrolgr| 16 of
the unit 9°’. However, the third stroke does not have to take place in each cycle. As a
20  result, pump sequences having different and varying curve courses and intervals can be

generated.

Owing to the position scale, the position of the coil fomer 92°* relative to the housing 90’
can be precisely identified and used for controlling the strokes. However, other ways of
25 precisely identifying the position of the coil former 92°° and the magnitude of the strokes

are also possible.

It is furthermore advantageous that the two diaphragms, i.e. the vacuum diaphragm 94°°
and the ventilation diaphragm 903, serve as bearings for the movement of the coil former
30  92” and that therefore friction is avoided.

The inventive vacuum pump explained according to the above-described embodiments can

now be used, for example, in devices for expressing human breast milk. Examples of



collecting container 7, said connection being provided with the
nonreturn valve 5. The two 10 flexible |ines 2, 6 are preferably
tubes, in particular made of silicone. W illustrated in figure 4,
the mlk collecting container 7 nmay alternatively al so be fastened
directly to the breastpurnp 1. For this purpose, there is preferably
a suitably shaped adaptor 70 on the mlk collecting container 7, said

adapt or belevigesisithic hallaye tionnedtiabberet ®106,15 housing 10 of the
br east punp. The breastpunp 1 has the abovenenti oned housing 10, in
whi ch the vacuun1punp according to the invention, referred to bel ow

as a punp patird 3 iiusBheaROBE LadslnRht W thd&i&opt "ﬂﬁg li§ke. sli!;a; dBHEP hb.'g"t

and the controller can be operated fromthe mains ttery 20
oper at ed. bregstpemarle aciangt Het 2.c¢ eerwling perih alhﬁﬁﬂ%ihl@idédah@n@)ﬂrowahfheﬁ a

hou3|ngslgmb£ %nggeéag%n E%F&%5§F&BM &gntaln inter alia, a switch

on/of f el enen ons~for selectlng the punping frequency
and the applied vacuun1and t he perlod of duration of the expressing

operation Ther.e b A second chanber_ 8 (se

Pure &) Therent Tiaidhis Bonpes sleng iRt oG e toubtiarimeks gt it
recess 1gf fleRidl Uit 2N Thé Osedttll HexEiPléElineld 1642 SFdni Gh BrAsthREE SIS to TR milk
cover Icgllectmg container 7, said connection being provided with the nonreturn valve 5. The two

10 flexible lines 2, 6 are preferably tubes, in particular made of silicone.

As illustrated in figure 4, the milk collecting container 7 may alternatively also be fastened
directly to the breastpump 1. For this purpose, there is preferably a suitably shaped adaptor
70 on the milk collecting container 7, said adaptor being detachably connectable to a

15  housing 10 of the breastpump.

The breastpump 1 has the abovementioned housing 10, in which the vacuum pump
according to the invention, referred to below as a pump unit, is arranged together with a
controller. The pump unit and the controller can be operated from the mains and/or battery

20 operated.

There are control elements (not illustrated here) on the housing 10. The control elements
may contain, inter alia, a switch on/off element, keys or buttons for selecting the pumping
frequency and the applied vacumn and the period of duration of the expressing operation.

25 There may also be a display.

A second chamber 8 (see figure 6), which likewise acts as a pump chamber, is formed
between a recess of the housing 10 and a cover 13 covering said recess. The cover 13 is
preferably connected detachably to the housing 10. A diaphragm 14 which is held in its
30 position by the cover 13 is arranged in said second chamber 8. The diaphragm 14 divides
said pump chamber 8 into a unit-side part and a unit-remote part 80, 81, said diaphragm

sealing said two parts with respect to each other.



preferably connected detachably to the housing 10. A di aphragm 14
which is held inits 30 position by the cover 13 is arranged in said
second chanber 8. The di aphragm 14 di vildes said punp chanber 8 into a
unit-side part and a unit-renote part 80, 81, said di aphragm sealing
said two parts with respect to each other. 17 As can be seen in
figure 5, the diaphragm 14 illustrated here preferably has a
subst ant i alslcgn Gk b€al iA figaket 3, itRediaphifie 1 al1R st Brepleferdbdd Basad dupstantially
protrudi ng. wings 140. There are tgree wi ngs 140 here. The basgpl at e,
which is greslarasing. Shere aprprelrmblydaisiaty praruding svings: P al hete gisdhreq gyings
bet ween at 1 140: -k ' I
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Thi s faci betvete svhishssaitbivingg 140 e ledds ¢ks a Bsihdhedinphaegm g cpobe deldgn an
the first _and.. r . A I I cont ai ner,
res pectslsvélﬁfi‘/rgb%g&g%g%l#li’rgﬁlatﬁeeseg?%&gie"%eﬂéﬁﬁl S{Pﬁééﬁtra %? 5%%%%% lunbers 130
and 131. The second port 131 is preferably.provided with a nonretum

val ve 5. e 10 c ection to the counterpl ate, i.ch.i rt of tr
oust ng. 100 SPUHoL BT ORGSR Heahd SEr dnd cBREE tHo AR
wher ei n t Rel&ahs esRAcH f@p&ﬁb@g. I8 pHHiOME BRRA ththtthe rar@bRicaia®ers 130
nunbers 132 and 111 in figure 5. A vacuum which has been generated

in the puipdddilt The seqondraost d8kds preferably insevidel wih o penretyrs galypp. The
chanbeyy 8, -] i n 3 A1 i.n
pr esslte. someBtor BanS EolrferQNGRICR: bt b o BHE 10 BEexlNF (RPRAES vl
wher e t he soipaipheragpevt Lonsections dvlenaih dlgo oarteppendirighkoleli arshpagided 4vith the
The punp Qeeee san %SOQ?ra%t ‘?‘ijlWitth éastenporally constant cycle or, as
is known FACCRE BESH b7 St I LB i on curve may be adapted in the
shape, frequency and intensity thereof to the suction behavior of the
baby and/or to the requifenments of .the nother.,K The second chanher 8
has i nput $* Wawauwbﬁfﬁgwwﬁ?%e_a?f@eﬂ& [PP; W tofs ArapStA vid agleﬂ%@ o
cover {53 RBnB@hdRHIBITRSlife Bl R@bMheRic@ &8 the luiplt 00N A EanpEs iRipRGQTe adel
not only forms a tight 25 closure but also serves as a valve plate

for said Pesehen ecYRsHwErling, 12ptostha geepnd whiambgr S whemgdhe diapnsgmatdets
in detail ]QE,% i %H]Vg@to build up in the unit-renote
part, i.e. rggﬁé@pgg@%g%%@ of” the second punp chanber are

therefore arranged in the cover 13.

The pump here can be operated with a temporally constant cycle or, as is known in the
20 prior art, the suction curve may be adapted in the shape, frequency and intensity thereof to

the suction behavior of the baby and/or to the requirements of the mother.

The second chamber 8 has inputs and outputs which are not all visible in the figures. The
cover 13 may be formed as a single piece or in a number of pieces. It not only forms a tight
25 closure but also serves as a valve plate for said second pump chamber 8. Passages and
valves (not illustrated in detail here) enabling the vacuum to build up in the unit-remote
part, i.e. breast-side part 81, of the second pump chamber are therefore arranged in the

cover 13.

30 Inthe cover 13 there is the first outlet opening 130 which connects the environment to the
cover-side part 81 of the pump chamber 8. Said outlet opening 130 sexves as a first port for
the first line 2. The second outlet opening 131, which likewise connects the cover- and the

breast-side part 81 of the second pump chamber 8 to the swroundings, respectively, is



30 In the cover 13 there is the first outlet opening 130 which
connects the environment to the cover- shpe part 81 of the punp
chanber 8. Said outlet opening 130 serves as a first port for the
first line 2. The second outl et opening 131, which |ikew se connects
the cover- and the breast-side part 81 of the second punp chanber 8
to the surroundi ngs, respectively, is 18 designed as a second port.
Said s ecoridsigwndtas iasepmd\pode Saidisedond hert iromodtiedwitlathearobretilns ealive Snidlskeis
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t he br eastvalsrbbaiﬂsdlbe@ew aced onto the nother's breast such that said
breast shield at |east surrounds the nipple. Preferably, at nmaximum
the areola is additionally surrounded by the breast shield 4. The
breast pupr theiddyid¥hs £ dseaNthd M@l Ad #9s blacéd%tme m%m&%%%éas@%h that
above. The vacuumtransnmitted to the second chanber 8 evacuates
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the second line 6 %see Figure 3) ar. else, 15 deﬁendln%kgn th

enmbodi mentreag); shistd M%éomlgaméﬁé)mmﬁreﬁ@t hing 3. Hbe gk Vﬁd@é&‘bﬂ’ﬁtﬁéﬁ
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time as a suction line and as a m | transport I'1 ne. Initi

pneunat i ¢ treuseeprbpump ehaneher Sethravgh dfeoseeoshpoiy €%l el ty dontghine vplyensi ang.
This is a ur i

The di aphtp %asg’rgr% ?ﬂj& ﬂ?ep’?lge sfei%tg!ﬁg %B%trgr%&gﬁeﬁh)er S%%osn %ﬁ % IF%??B?& el%Q
Firstlds idependinges the embpdirdemt, divectiywabde Higdrad iftcteeis alnarefm ﬁdRparate line

punp-side part of .th 0 anber nd t he, nllk in.t

Pover st adaengrng fhe THC e RS AN T BB G el s g
means  of %ﬁﬂ@fraﬁdpﬂﬂ 1R iATer lihitihh pheati r@ﬁ@mgs the Hé;w&er méf@e NéhaAdseto
to pass into the vacuum|line 12 and therefore into the q@@unlt

However , RYdEnkiGPERRING rtds 1§ p fyrihey sprermatinnio ﬂEﬁﬂWﬁBﬁ’h‘% g abl e
to pass into the first and second lines 2, 6. Secondly, the cyclic

movenent of said diaphragmw thin the second punp chanber results in
sai d ditapfhagimpbmgweid hy rsdcomdammmhamhg hal éwerifimictio@®avFivetlyt, 6t seaved as a

second f””g&m%n el e &nttgeeﬁl?gxgga%s ggstu?egf?pta# et Secélt['éagﬁp %%ha%@ler G54 19

cont ai ner reast | el
posi ti ons milk in the cover-31de part of the second pump chamber. It therefore serves as a means of

separating media. It thereby prevents milk from being able to pass into the vacuum line 12
and therefore into the pump unit. However, it also prevents dirt from the pump unit from
25 being able to pass into the first and second lines 2, 6. Secondly, the cyclic movement of
said diaphragm within the second pump chamber results in said diaphragm conveying and
transporting the milk. Owing to said second function, during the expressing operation, the
milk collecting container 7, breast shield 4 and breastpump 1 can be arranged in positions
which are independent of one another. For example, the milk collecting container 7 can be
30 located above the breastpump 1 and/or the breast shield 4. The breastpump 1 may also be
above the milk collecting container 7 and/or the breast shield 4. This enables the mother to
express milk even while lying down or, if she is seated, to place the milk collecting

container 7 and the breastpump 1 onto a shelf or another raised platform out of the reach of



whi ch are i ndependent of one another. For exanple, the m |k
col l ecting container 7 can be 30 | ocatea@ above the breastpunp 1
and/or the breast shield 4. The breastpunp 1 may al so be above the

m |k collecting container 7 and/or the breast shield 4. This enabl es
the mother to express mlk even while |ying dowmn or, if she is
Seated, to aﬁF the mlk collecting container 7 and t he breast punp 1
onto a sh ‘Eﬁbther rai sed platformout of the reach of 19 snal
children. The nonreturn valve 5 preferably first opens at a
sufficient pressure, e. when the second punp chanber 8 is

suf fi ci entlhy npmptu@aVW% A PrafpIRDLY fstiappas ataysuliprat gestrs deurraenwie epeond

must 5 be i

vol ume caPn Hgﬁuce b‘&éﬁgﬁ#ﬁﬁ’gﬁg‘;&;w@ Fﬂﬂgr g@“ﬁ i’g{égk%fd ﬁﬂ%&%ﬁ%ﬁﬂ&t
surrourﬁdsbehwcnatp@)b@@d@pa@amaimum part of the remamining breast as
possible, if any part at all. A suitable breast shield 4 is
illustrated in the figures. Alternative forns of breast 10 shields

can al so beadgiich, tff&l&ael\emu@.ndi‘e rbdiﬁe@bpweinglesﬁfalibﬁ&smmnmtlso@l@n

be conbi ned wi th one not di vidually or. .in grou order to
f or m f ur t REFORADHY; "ﬂﬂTn]ea fﬁﬁ?%mﬁ%é‘%?ﬁla QO‘{S{;’I any part at

i nventiongjSar ﬁh@Bl'eVl?rlee\ét %Hi@id' 4 3DANERIBAGH tlihnﬁlg_l&@serﬁie%&itﬂé“f@ﬁﬁsy of bleadtS
suitable in particular for breastpunps used ands-free

10 shields can also be used.

The elements of the above-described embodiments can be combined with one another

individually or in groups in order to form further embodiments.

15  The vacuum pump according to the invention is relatively small and compact and operates

quietly. It is suitable in particular for breastpumps used “hands-free”.



20 LI ST OF DESI GNATI ONS 1br east punp8lbreast shi el d-si de chamnber
10housi ngpart 110l ateral stop 111hole9, 9, 9"punp unit 12vacuum

| ine90, 90', 90" housi ng 13cover 900pl ai n %baring 130first
port901ventil ati on channel 13lsecond port902rear-side cover
132hol e903ventil ati on di aphragm 14di aphragnB03' ventilation flap
140l ateral wi ng904second spacer 15control unit906cl osure stopper

1500per ati ng el ement s907bor e 1GISTES DEEI@SAENG hol es

1 breastpump 81 breast shield-side chamber
10 housing part
110 lateral stop
111 hole 9,9,9”  pump unit
12 vacuum line 90, 90°,90"*housing
13 cover 900 plain bearing
130 first port 901 ventilation channel
131 second port 902 rear-side cover
132 hole 903 ventilation diaphragm
14 diaphragm 903’ ventilation flap
140 lateral wing 904 second spacer
15 control unit 906 closure stopper
150 operating elements 907 bore
i6 lines 908 fastening holes
909 second counterpart
2 first line 91, 91°,91”’permanent magnet
910 recess
3 coupling part 911° iron core
911,911*" iron plate
o 4 breast shield 912’ iron ring
92, 92°,92"*coil former with coil
5 nonreturn valve 920, 920° position scale
920’ position scale
6 second line 921,921° coil
60 valve cap 9217 coil
922 winding ends
7 milk collecting container 923 ventilation actuator
70 adaptor 93 guide bearing

94, 94°,94"’vacuum diaphragm
8 pump chamber 940 first spacer
80 drive-side chamber part 941 first counterpart



909second counterpart 2first |ine9l, 91',91"per manent magnet

910r ecess 3coupling part911'iron core 91, 911" iron plate 4breast
shiel d912'iron ring 92, 92',92"coil former with coil 5nonreturn
val ve920, 920' position scale 920"position scale 6second |ine921,
921' coil 60val ve cap921”coil 922w nding ends 7m |k collecting

54" ou"vadhtm di abRPAHBEIHE Blhnber oo Thab LoeBror 0

valve flap) 980 port to measuring board
943 outlet valve flap 99, 99°,99" cover
95, 957,95 valve plate 990 port opening
952 vacuum port 991 hole
953 vacuum channel 992 air inlet opening
96, 96°,96* pump chamber 993 outlet channel

97,97 light source 994 closure stopper



80drive-side chanber part941first counterpart 21 942vacuum val ve
flap (inlet98, 98 ,698"detector valve flgp)980port to nmeasuring board
9430utl et valve flap99, 99',99"cover 95, 95 , 95"val ve plate 990
952vacuum port 991 953vacuum channel 992 96, 96', 96" punp chanber 993
97, 97'light source

PATENT CLAIMS

1. A diaphragm vacuum pump with an electrically operated drive unit and a vacuum
diaphragm (94, 94’ 94°"), which separates a pump chamber (96, 96°, 96°*) into a
drive-side part and a drive-remote part and which can be deflected by means of a
movable part (92, 92°, 92°*) of the drive unit, wherein the drive unit is an
electromagnetic drive unit, wherein the movement of the movable part (92, 92°,
92°") is a linear movement and wherein the vacuum diaphragm (94, 94°, 94°%) is
deflected in the direction of said linear movement which is generated

electromagnetically in the drive unit.

2. The diaphragm vacuum pump as claimed in claim 1, wherein the movable part (92°°)
is operatively connected to a ventilation valve (903) for ventilating the diaphragm
vacuum pump, wherein the linear movement generated in the drive unit optionally

actuates the ventilation valve (903).

3. The diaphragm vacuum pump as claimed in claim 2, wherein the movable part (92°*)
has a first end and a second end opposite the first end, wherein the vacuum
diaphragm (94°") is operatively connected to the first end, and the ventilation valve

{903) is operatively connected to the second end.

4. The diaphragm vacuum pump as claimed in either of claims 2 and 3, wherein the

ventilation valve has a ventilation diaphragm (903).

5. The diaphragm vacuum pump as claimed in claim 4, wherein the vacuum diaphragm
(94"} is comnected fixedly to the first end of the movable part (92°*) and the
ventilation diaphragm (903) is connected fixedly to the second end thereof, and
wherein said diaphragms form the mounting of the movable part (92°*) within the

drive unit.

6.  The diaphragm vacuum pump as claimed in one of claims 2 to 5, wherein the

movable part (92°°) is movable by means of a controller in a first and second stroke



994 22 PATENT CLAIMS 1. A diaphragm vacuum punp with an electrically
operated drive unit and a vacuum di aphrf%gm (94, 94' 94"), which
separates a punp chanber (96, 96', 96")=into a drive-side part and a
drive-renote part and which can be deflected by neans of a novabl e
part (92, 92', 92") of the drive unit, wherein the drive unit is an
el ectromagneti c drive unit, wherein the novenent of the novable part
(92, 92', 92")niosdentd geneare Avaceimiih tiendmphshaeber (06) atﬂqunmvﬁﬂlaﬁh&aﬁ:ﬁm
(94, 94 defl ected in heclrectlon f said. linear novemne
which is gener%f?%‘dme?ré%fttf’&ﬁ%}@*ﬁéﬁq E%{!“ afion yalvp £903).; wherein the thyd stple t és
di aphr agm vac i IR dasctiohdf fRGeddhd hrattedBul is IMBE! (Bisald R cdHAGRBkE Ppart
(92") is operatively connected to a ventilation valve (903) for
ventilating the di aphragm vacuum punp, wherein the |inear novenent
generated-n ﬁ!{:’h}’ i I i i Y e
(903). 3. 7|The’[g1 aphiragm vgéﬂlﬁ%mg%dﬁn%%uﬁ%gﬁs STY%%’ &ﬁ&mﬁg%e e
t he novabl e pamit }(agzt )eaktameq)efmmnt enghea (1, 81% &¢ Unend acodd s (82,1928,

first end, wh he v.ac mdl hr, 94 0 t|ve s mes

connected to t ?C%]ii tﬁ‘ﬁg‘”@gsn#qng’f‘i 8’1’1%\’7%%}{9 k% g%, 927),
operatively caﬂﬁmﬁa& il fdﬁﬁeﬁ@QOBﬁ opd) togethdiwitll itlepbyilas el mUsl I ERP
as clainmed in either of clains and 3, wherein the ventilation val ve

has a venti | atiBHrCeRblH AR mﬁlre%lonsrﬁlengjﬁéwta@ﬁ@ VRS, BRsRgst 4@ the
claimed in cl %@n& (el gr-Hhhey aam m%@lé&'i %&%&9@2) 92=s ﬁow%ﬁﬁﬁqle
fixedly to the rst” énd ‘of t'he novab part {i

ventilation direphblsgart(ad3y ﬁX@hC@mefmfbt@ the xmuyn l'@ht&wl @éc%’d 9&dand
t hereof, and a f e
part (92 wi R e TRhe kR A LRI LAKHE R0 0r B ST
clainmed in oné>2Qf92t’Dhibmhﬁretcnoﬁof\ﬂnsed@memhﬁ ofesidbbiefpact. (92") is
novabl e by nmeans of a controller in a first and second stroke 23 in
order to generate a vacuumin the punp chanmber (96") and is novabl e
in a third, st rokelidghr@ht fdcul® Afipa SalRE M @D | AR Ble V@il (18239, (92,
wherein the third stroke takes place in the direction of_ the second

stroke but is %arfer femu gisra bcphut sid grhiclytheremn digrbragn (G4 Wim

punp as cl ai megd ?ra &f claine 1 to 6, wherein the drive unit has
at | east one per nent magnet (91, 91', 91") and a coil fornmer (92,
92', 92") wth a coil, V\,herelnthe coil is arranged on the coil

f or mer (9 f. (

t oget her V%I t h%:thﬁ d?a% ]]Eﬁl] QUISIE flnlrllega]fr? ﬁs‘%ﬁ%ﬁ%éﬁﬁ ‘éa%'rgrll]%r)ln rﬁhea hraﬁm

two directi on$9fal9éh@4a) hasragimme:lemhﬁt ispaiich Latgehthmﬂmqﬁsmlt(m;%, gnet
(91, 91', 91"), and wherein the coil fornmer (92, 92', 92") forns the
novabl e part and is fixedly connected to the vacuum di aphragm (94,

94", 94") 18nd 1gefidiREtagnt Veulm bhe aﬁlbllEdnﬂﬂ ih h@u@bowwn&h@mdmn diaphragm
di spI acenent of the coil forner 2") in both directions of

the di spl aceméft 96t 9¢: ?ﬁf@%"rq@df’%ﬂ@@ﬂif ‘m@e &ﬁ@népﬁﬁﬁpﬁﬁm@%ec%urﬂzpﬂmp as
claimed in claim7, wherein the coil former (92, 92', 92") forns a
piston with a first end at which the vacuum di aphragm (94, 94', 94")
is arrangdd. JheTphoizaptacagnmpyamp asictaimedypn o oflckiimed @ H, stharemn B¢ piston

Vr’m g L € : gr ; 2? ;/ ﬁg% lﬁ?"h gbg?g [ céa% ehg yﬁ%gﬁ?& 1nheile ﬁnearl Iclls%ct:e%gletnqa%tneli. S

12. The diaphragm vacuum pump as claimed in one of claims 8 to 11, wherein the piston
(92, 92°*) has a second end to which a further diaphragm (903) is fastened.

13. The diaphragm vacuum pump as claimed in one of claims 8 to 12, wherein the coil
(921, 921°") is a flat coil and wherein there is at least one permanent magnet (91,

91"”), which is held in a fixed position in a housing (90, 90°*) of the diaphragm



10. The di aphragm vacuum punp as clainmed in claim9, wherein the
vacuum di aphragm (94, 94', 94") is fast Zped centrally on the first
end of the piston (92, 92', 92"). 11. e di aphragm vacuum punp as
claimed in one of clains 8 to 10, wherein the piston (92, 92', 92")
has a second end which is held in a linearly displaceabl e manner. 12.
The di aphragm vacuum punp as clainmed in one of clains 8 to 11,

wherei n the pivetwm p@gRp. 92") has a second end to which a further

di aphragm (903) is fastened. 13. The di aphragm vacuum punp as cl ai ned
in one of clains 8 to 12, wherein the coil (921, 921") is a flat coil
and wher eiln. t Héweidphragh daemsh ponp apeairrd dnonatghhs § Bl11, Yhedein thBipkion

is heldin a f] osition in.a housing, (90 90") of the diaphragm
24 vacuum pur’rrg.big iggqu-ﬁqgog?g@n%@m%flmc%gl et eRucR ipprogaee GF117)
claims 8 to 1lhndwhekRétrof’he piston (92') has a second end, which is
nmount ed di spl aceably between an iron core (911') and a nmagnet (91').
15. The di aphragm vacuum punp as clainmed in one of clains 8 to 11 or
14, whereijg t bl ' bl i [ .

por manent Fagnet LBLrpLAcREN bdp 3P blsmdalf ofPY dfin 3 1h 1 FBE Whersiy e,
iron core (91toll ipaswesinghrodudgie tivgingosdiingnd tiel perthénenT mengdéeta(shiNagmn of

vacuum punp as_.cl.al nyed in_on f.claims .1 to 1 erein there is at
| east one posir?tﬁ%%n %tsglgpgglca%SI%?@d Yoo @ééw)}’af%? Hﬁ%lfgg’rtﬁ? AIoNge
the relative pogition of the novable part (92, 92', 92") of the drive

unit with respect to the remaining part of the drive unit which is in
a fixed position. 17. The di aphragm vacuum punp as clainmed in claim

16, whereilg. t e ﬂ%hﬁahﬁWa@ﬁh@ﬁﬁ:ﬁﬁ ad Qdimed Tn oneXtclaiifls 1 108, )Nhgﬁ:ﬂ?ﬂh@ite$§ata

signal, which is uSed to control the vacuum punp, as a function of
the rel ative P58t epomogtion Heteelof 9% A7hePS.(H, 98 forogetgrminige theheelative

di aphr agm vacuym; j i e &bh~Cleai . A }!ng& I
there is an oét fﬁeléw?gggf mﬁk@ﬂgg}jr(?b\ice@r’e%m) edfgdéérrt‘an%? ““@}Ele:wl 12;1)1u {?ﬁgﬂ%&
(96, 96', 96" ysmaining petbf te dide¢ mgjt which&chedixedpasitiann| et of a second

chanber (8), wherein the second chanber (8) has a further diaphragm
(14), which separates said second chanber (8) into two parts (80, 81)

and wher eilf, t Mae dinphiagm wheaph pagiat tHmeEh\ekimals, ¥heR@mNSe Bbsition detector
separating rre?éia gng for transferring the vacuum generated in the
punp chamber . , 977,98, 98°, 98°") generates a Signal, which is used o control the vacuum pump,

as a function of the relative position of the coil former (92, 92°, 927,

18. The diaphragm vacuum pump as claimed in one of claims 1 to 17, wherein there is
an outlet (990) in the drive-remote part of the pump chamber (96, 96°, 96°*), said
outlet being connected to an inlet of a second chamber (8), wherein the second
chamber (8) has a further diaphragm (14), which separates said second chamber (8)
into two parts (80, 81) and wherein the further diaphragm (14) serves as a means of

separating media and for transferring the vacuum generated in the pump chamber.



