PCT 1 TITLE 5Devi ce and nethod for expressing human breast m |k
TECHNICALiﬁkﬁLD The present invention relates to a device for
expr essi ng man breast m |k according to the 10 preanble of patent -
claiml, to a vacuum punp accordi'ng to_.the preanble of patent claim.
12, and to a. nethod for operating a devi ce for expr essi ng human
breast m |k according to the preanble of patent claim14. PRI.OR ART
15 Devi ces for expressing human breast mlk are well known. In
principle, theré are tw different types: the first device type is
operated manually, i.e. the.negative pressure required for the
expressing operation is generated by manual actuation of the vacuum
punp., In/the devices of the second*tfﬁf, t he vacuum punp is operated
"electrically, it being 20 possible fo It vacuum punp t o’ be -
connectsed to .the powe : Lahed via a
battery or another engﬁgip%c%ﬂ%}ogﬁgﬁﬁ%é%Ihtélgl“‘?g)rr_gﬁ| S 1 nclude WO
96/ 22116, US 2009/ 0099511, - US 2008/ 0287037, US-7 094 217 and.US
2008/ 0039781. 25 Sai d vacuum pu ed to a breast shield
either directly or'via'vacuun1lr§§ggﬁﬁﬁéigﬂggét shield usually has a
funnel -shaped part for receiving part of the nother's breast -

i ncl udi ng .t.he ni pple. As rul e,. said funnel - shape art.nerges into.
RS el 3 e e il il e deod B e
firstly, eirdédietle toFeparde WHMBYTD d Faamn ﬁﬁlﬁqicéjdrﬂiﬁgttbym@rpéé’dn?olélof pa;cent |

suction |line and which, secondly, |s.IiEemLse connected directly or
via a 30 rflaim 12 madite & methad &l onseating . dovieaiforerxprassing rmrmavnbreass milk

sel ect breg 921 itghgﬁ)lnj:ea{ﬂuﬁwé%pa '4_h'the size of the breast. In

parti cul ar, st s et's are known, in which the size of the

f unnel - shaped part can be sel ected according to the nother. PCT

Rel atively small breast shields are ?ggg wn in.the prior art. US 6
379 327 discloses a portable, so car hands-free" expressing
devicds In this context, "hands-free" neans that, once swtched on,
the entire_expressi ng device functions w thout hands, i.e. that ,
nei t her tﬁ%ﬁ"ﬁ?ﬁﬁghsm?ﬁélgbh% brepst anitk Augywelt ooy, Ha| pnsiple: dhere apg two

US' 327, a gffekht fypRaehe MsShanad ei@%pe?atfédehﬂnﬁﬁlyf apt %eger%aﬁﬁeeﬂ)gs%e

purpose to the breast using straps. A first tube leads fro
breast shirequiredofon thex expressppgraperatiion b generited dyimanaabadtuation efetbe rdcum

406, <20 ST LLALFTIR gl 5P SRR SRR Mg
2008/ 1876 tdssblevior’ thavdewin petp éx pe essicoigd tethe pesensippd hetwbikrad/orhebe
breast ohl gL 4t i Al a5° haheorsted Lo, Ul haueing and
pressure. w0 96/22116, US 2009/0099511, US 2008/0287037, US 7 094 217 and US
| 2008/0039781. | . - ] '
25 Said Va_icilum pumps are connected to a breast shié_ld either directly or via vacuum lines.
The breast shield usually has a funnel-shaped part for receiving part of the mother’s breast
including the nipple. As a rule, said funnel-shaped part merges into a part, which is in the
shape of a hollow cylindcf and to which, firstly, either the vacuum pump is connected
directlf or via a suction line and which, secondly, is likewise connected directly or via a
30  milk line to a milk collecting container. It is known to select breast shields in accordance

with the size of the breast. In particular,' breast shield sets are known, in which the size of
the funnel-shaped part can be selected according to the mother.



US 949 414 describes a fimel -shaped breast shield, which can be
arranged #Rﬁﬁr a.bra. 15 Rather than‘a vacuun1be|ng applied, a tube

| eads fro e breast shield to a baby who is intended.-to obtain the
m |k desired by sucking on the tube. US 6 440 100 shows a device .for
expressing breast milk with a small bréast shield, which can be worn
~under the bra. A mlk tube |eads fromthe breast shield to a milk

col | ecti ng{eMVel?rﬁnmllnﬁéast thieldk atet lso kisovaninnthe 'fpﬁdr k. U516 338 BRMiisclosestan

a vacuum source. J cting,.co ta|n i.,S evacu neans
e RANE ot called st PR isndsn Ot 1S BTG chms e T BeaR
br east Shltﬁtdoﬂdeas&ltt%emdnkﬂ{euaﬁne% u{gOdév'it% ﬁﬁ&ﬁiﬂk‘&ﬁﬂi@)ﬁ?ﬁﬁﬁ!{seze that
prevailing in the mlk coilectlng cont ai ner, ressed mlk is nowto

pass into n@ﬁberrthd ranepoteibe bregst shialddianeto b keld bae andl Ja WH/B&7, apenadlnfunnel-

3;25; rr:]%‘lto'u mﬁ)ap g %{s‘? dégk;elcfﬁlf%s?eci{[ ed ﬁ& @8 gﬁ%o&etr élgegor%z}?@u{gns(ﬁaﬁs ﬁﬁh‘é ﬁé 1e3ds
| ar ge vol ureen te bedust shidl& tacovdcenh ipngpoehichisieid iniakel Asedvad tite lé)ﬂs from

evacuated.. Said "d d voI con5|deranl res cts .t er f ormance
of “Che. devheareasgRERpA R AJEN eI WHEEh by Fargess B parsebor
achi.eved by a device haV|ng the features of claim1, a vacuum punp
havi ng the features of claim 12 and a nethod having the features .of.
claim14. 5 The device according to the invention; for expressing
human 4gr eagh g1 dsqHRs ﬁﬁ)%hﬁf‘tseéhgw “BlnRGRLY 55&1::@5%@ '&%&mé& A1 fres,
breast, a vacuum punp for generating a vacuum a at connect's
t he breas ttheslmeedt chitld i$ heeaphl npse Gritegrited iram el pinap hogsengobed sérves. at the same time
transnlttlng ﬁﬁéﬁﬁﬁun] enerated to the breast shield, and a

chanber . HIE EHTAAE A 0GEAIVE PEESSTS a first port of said

. Chanber . Accordlng to the invention, the chanber has a second port

for 10 connection to a m coIIectlng container. The two ports in
the chanbéfS &4 Ho@ﬁﬁ@ébeécp fupnelshapedtreast shield.cwhigh 6 b arranged under a bra.

COMUIRisCaty ke i d %u&ﬁeaggpa(@?ﬁid RGuOPReh AL dﬂr&ﬂ thel ﬁ}g%s bi&afe %.%Fﬁ“}ﬂ)llg '

l'ine for transporting expressed 1 n the breast shield

t he chanbéntendeddo pblakn the milkislssitpddiytshgkinpomithe tubd. f r om t he chanber to
the mlk collecting container. 15 In the nethod according to the
invention for operating a device for expressing human breast mlk, a
vacuum i s eadaaledshowsa duvicador alprakidg bycareailis with asmaticisesst ghietd, wh1ble

vacuum gener at ed bei ducte froma, chanber via a line t
b1 oast . Shiceh e R SB1BE B AniHlk (Heh RSB A% WS, PROE il e Hecting
shi el doi N @nfidek T 186t i dohRbldi Vigh va%ﬁ&@rt%aqo taovéchﬁml SHRR! 'T‘P.l@1m11k

during the' expressing operation, the sanme |ine, which is used 20 fo
transmitt ioaleqting spataiReR is coyaeHatedsbY Ineeans ok ths yrewme gouree, tigh Bbeeaggatwe

shi el d {0 ddSuEAReLondde AUl WREICHRIES SLAOLARC OO Al Gefibl

bei ng conduct romthe c Into a m
cont ai ner prSamd prievailog it trereiflo callectisngetaitar papeassedmnilk alnop»rtemawmtp the

punpi ng sys; 0.a hydraulic. 25 syste ere e.sane

e 1S camiie SRt S vy e mulk Pl 3SR A B PG Prtsin
in ordgr tlﬁel@ﬁ:ﬁﬁ e&Se fab fal Rl guknpl SeIA ddvRelHas dsd dasda&aﬁtb%' fif the sRticely
m | k that has already been expressed heats the breast ield, thjis ’

bei ng pl ed&gatvolwie ohtherpilk gpllecting waniginey Hkevdsc Basdionky %\@CW@ Said Zdead
i nvention ‘%ﬂﬂné%ﬂm‘gfﬁmﬁmﬁbﬁﬁﬁﬁ%@oﬂ @éq,gd on require ‘30 only a
em co -

si ngl e tube connectio even | ecting container is not
arranged directly on the breast shield. Said -device can therefore

al so be configured and used as a "hands-free" device. The breast
shield can be designed to be small and can be fixed in a bra. The

si ngl ol i ne can be. di scr et elguMpIEAloRITIR NRENATOKhiI ng.

It is an object of the invention to provide an improved device and an improved method for

expressing human breast milk.



PCT Since the entire systemis flooded by mlk and there is therefore
no I ongerpavacuumline in the classic sense, a |ower punping power '
is required’in order to express breast mlk. Typical values for air
output are up to 500 m/min and for m}k output up to 100 nil/min 5
The vacuum punp can therefore be configured to be smaller and

i ghter, which nmeans that it is in turn | ess conspicuous to

onl ookers. The not her can use said vacuum punp nore discreetly. In.
addi tion, REVR LENe

punp.is q%%kﬁr#ﬁﬁv‘é@yéd ich 8“laglgtur nﬁﬁeggggses ?i%ac%%ﬁmp“ﬂ@ angg
di scr et i othe fefiSienofclhine 1 2aid 2 wethydhaving the featurdseofelalm 1é system apart
fromthe punping-unit-side or drive- side region of the vacuum punp,
is flooded with milk and there are only very small air-filled dead

spacess | Tha@y¥vidé akbiding 0€heARMrtRE R PIBIKA T ReRe@IIk YiadEbreast shield
controlled. The negative pressure presjent at the breast shield, aegg i
it

corr esponé@r hegriag pgainsha mosker s Pregsina vaguuE PP for GeReRRIRG # BEwHIY, a1lin
mlk line, ﬁ@eth[e 8kds? ?ﬁjiefdntovﬁl'é' é}gﬁﬁ H%b%c r an8 i@ &éﬁ&e@rfo?%ansmlmng the

enbodi msnt ere is a partition h separates a vacuum punp
drive andvacrmmi gmraiterddmﬂmhrbasbslhdd ands. chambgulhe lmermldrz: hxaﬂisexumpselde ina

di vided by _the partition,wall Ioabre on, an

G ves o otk sl arRRe el din® & o ERTPR b oot Fad £8P BOG 18,
ot her 1and camfc@éh fRoNALIKt@Uedting @a6HAINGE. ThE t pyrty indtht bRartheapter @pfectéd to
is therefore ensured that neither milk dges, pass into, the drjve- S|de

‘region of S#Heothst HuifrpEamS it corgaynigrtion. R R e
regi on pag§misit Airk Nfe Mriagpeid g%}eamnim BHra8d ih S RELRT £hid1BtPthb BRamber.

breast shield and the mlk collecting container. Said partition wall
i's pref er dbeynik igsuhsaquegtly cagusted fomribs chamber terthronilkreoliectinggogtainer.

di aphragmis driven and serves to convey the expressed mlk:. As a .
result, the m |k can be expressed independently of the relative

posi t |15n @f th&meﬁrodam:boxﬂhlgeﬂodhe tiflventiod Koraqietaanglan@vmnﬁ)alemessu@whlumme

vacuum pu théres ect to onet?aﬂgta% 6 t her for exa ]ﬁé
even expr ‘f”ém} i #19°'d past § el&ﬁ Wﬁ?ﬂs ap%ﬁcll\]%lﬁug?
a "hands- fvﬁ&ﬁlm Mﬂéﬂ&hg%&)ﬁﬁiﬂteﬂ%ﬂt HRmbBBYiaeV Bt Reid &&dedgmh
in general nove ve]% free PCT. 5 di aphraglr&n is used in_each case

both for KpiEssdrmilkg eerrge%ﬂqct@daﬂa the fbreash shigld; Bh aomilk Hellpgtipgacontaingge
vacuum pu f i

Ve Vacouirebuil 61Ek Blkitich, BhAET 6B QHBITR: obAFLE dle bl RHATES bhocd
di aph2f8gmfors trbmmtmgpﬂm agmnoh, ¢dndugss e mﬂm’@@csa@edl ther b:g@ﬁahwdd hg the
t he vacuumy referred yacuum pu accorgdin tothe|

expr 665 ngPHERENOF dugte I FRPEYHETAREER G B St GrarE Rl G e
and a di arahmwﬂiﬁtbatnnmﬂeai@rdomﬁmeﬁycl ically _by t he

Said device therefore changes from an initial pneumatic pumping system to a hydraulic
25  pumping system, wherein the same line is used. In this case, the expressed milk acts as
working fluid in order to express further milk from the breast. Furthermore, said milk that

has already been expressed heats the breast shield, this being pleasant for the mother. .

The device according to the invention and the method accordmg to- the invention reqmre
30 only a single tube connection, even if the milk collecting container is not arranged dlrectly
on the breast shleld Said dev1ce can therefore also be configured and used as a “hands-
free" device. The breast shield can be designed to be small and can be fixed in a bra. The

single line can be discretely concealed in the clothing.



10 drive, the diaphragm being arranged in a chanmber, the di aphragm
separatingPFEe chanber into a drive-side part and.a .,k - '

breast -shi eld-side part, and the breast-shield-side part having a
vacuum port for producing a connection to the breast shield.
According to the invention, the breast-%hield-side part of the
chanber furthernore has a mlk port for producing a.connection to a
m |k collecting container, and the vacuum port and the mlk port are

15 connect r. kN nms_.of f.luid. nication via the .
by oaat o Sfhat BreRARI SHBRGS hhoded byl antghiee s TR 3bbe0 a Ve n
is a di aphthagriassiengenss)ch lover QARG pdvier (i ediacd WNoBRN8S 3kpHags bR RNilk.
chanber .- Salq \é@%u%mfgru% may have, but does not have to have, the
abovenent i OHRER! VARSE TS QHRIH SR Wi foPOnking and fonmilk ovinuup fon k00 mi/mis
al so possi Phévichusa - 481 o

connected dir eg tl y%{l%prﬁg%fg#r%gpt&ﬁ%ﬁ Q‘ﬁ%’g‘; eﬁ%ﬁ%@%ﬂdﬁ{gﬂ&&%}?@ o armé’éhat
embodi nent it i§ Hetuya dass senspispotsstoamlmekenst Thee mdihap bameape spidryacuing puimipsmore

case, the gl " di ragm punp .preferably forrg the
bovenent i SxARAE Wbl SuiedD Mo BRERHERYBE Gt Gradtireid Foe B gomo
partition Msghleter Bosnglndey whizh it fien HeRpRE a@BopTet MBhstetiRl VeS

si mul taneously to generate the vacuumin the punp chanber and to-
convejr the flowof mlk. OMng to the triple function of the ,
di aphragm SihbethéanuRysam, Be r w-aphyg ive-
preferably has a subs,tygnt P alglte@%%t?gj gé}h’oéé{a}'tiq%g a%tpyﬂgll"ggp%rﬂg%?ng?}sdme
pr ef er abl ySi¢R Togion offhe yacusanpywap, is goded witle mitlsfand pheaé ereahilly very stadl air-

center th f EY. ' .50 be used. Alternativ u :
W thout & thapiee Dot HanTAe bEHE Rt ARy 137 Brort skl olfp i e
punps may iegatie gresSive ppesest pir dfeebralt yshield @b eddifeBpondk eore ! to e tiRhum
one- way vge}(lgme\gqj Fcﬁl}rgwcreates a connecti.on between the chanber and-the
mlk coll PR containers PH8P3 result, the connection to the nilk

col | ecltsi ng container is opened only when the remaining system has

al ready bé%ril fi.h{/Fd as %orrpl etely as possible with mlk or when there
is a suffitAertls e cen b realized dn variqusevesisalib e rprefemed, ymboditienty thsfre the
vacuum pu iohien Al dsefddl 0 S, 4 N _a voi ded
oo, The RnerRRT Whigh Srhistis s SRR B BEDLPLER R, AFS
t he bot t orfesdt, ithe ¢hambenisr dvided by ithe patitidn wplk o iadmemf-stidid-sidacegion and a

punp. The eyl cat, in_the breastshjeld-si egi on, of the
chanber, v%ﬁlgﬁ?dréege oo(r%" ?@ggcfvg orelglé’f]%rafeeao?@e{ﬁg' fq?émfgei%né‘?’g‘i cheh (Lt nd aag
contr &t , coheectddr oteapbiother sniprei eeadihphrapig, a0 Beledefbré BREINERET ARELORiIK
of the chagyber. As a r(ra](ﬁg)t, air_fromthe chanber is'conducted into
the mi |k COFY 8% A L6rtaemide mignfthe vequum peaRl nobreavedirt ancirafrm the
bubbl es i nirkvBRid%EER A Entd iR ﬂﬁgcoﬁdﬁcﬂ_x%giﬂéea\ﬁﬂ PerdGRAEA: e']%és)sé § t\%dtaﬁd '

i nvent.ion and _the method according to t I nvent1on can

al | types 't mk éaBecting ponspicer. Sd phuitian vl isyeewbly, 2 Sinplirhgrr east

shields are used in order to keep the dead vol une also here as smal |

as possible. 20 Use is preferably nade of a breast shield, which

mer el @3surn aynd®red embbgipieat, anid didphrand Euitive andesrodsato dblﬁtrefyotﬁé ¥xprested
ee

sai d breast.,shjield b sed..in sinpl e manner in a_ "hands-free" -
system- fg?ﬂ%;hkrﬂ)feéu 21 Bt e sxpipssgn egglpc}?nﬁy eh e relatigg posifiangofith
scarcel y amaseilielllj teeslilk @ilafing RogaRe Af tht Ya&HRl busbzgin ;réa#)e?:t hand
positive efftﬁCt gon the vacuum punp.since the latter requires Tess

power and 2Beifek Hdicemgiier Yy dereeample, gk ekyress2@ilkuwhitee bying dowi.ofhis is

sai d reasQRyimsai ) ’ s er. .ln addition
breast shi ie3In(]jls og‘ ?ﬁﬁy?yg{ggﬁ‘gg@t e % vgﬁﬁegesﬁggﬁet ﬁ‘&?héf & eggglooggg
movendAt dbwnhed in ggesl ofove heryifreelyst Wit hion the shield. .As a result,
the breast shields can bear nore :

A very wide variety of vacuum pumps can be used with the vacuum-transmitting and milk-

conducting line according to the invention. Preferably, but rot necessarily, a ‘single



tightly against the tissue. A |lower punping power is required as a
result. E unp again 30 can be designed to be smaller and operates:
nore qui e ﬁ?p According to the invention, the device has-a breast
shield which adapts itself optimally to t he shape of the human

not her's breast therefore creates a t|§ht or less tight connection to
PCT the breast, depending on requirenents. Such a breast shield :
accor di ngdiaphragineis iwedeint eavh dasesbath tfarbudraportom teandk and doraseparatmel oflthat
i's integrally formed thereon and is intended-for resting on a

mot her' s B¥8%st, wherein the 5 funnel - widens toward the free side

t hereof that faces away fromthe connector, and wherein there is a
passage, whi ch éxtends contlnuously froma breast-side end of th
funnel as Thavaammupwipis Riekseabbhe diaplupery pepwewhereinghe ghagbes & t §Wa"émm-

ﬁg?herss greastgjﬁ%ﬁ%dﬁﬁgﬁ%ﬂ?ﬁﬁanng ?&n§Qm@QB%§qg§¥ esseda%¥ QHOfﬂ?k

Accor di ngptuopchanbarweat foogenetatieg thervaelum.s of nore fl exi bl e design
than the connector,. 10 and the funnel has a nmin regi on extending
over ‘a substanti al part of the length thereof with a first opening

angl e of cRaed agannaRthRad2oRi to Shehavaition fagixpressihd huarsiteanshilk by |
opening angle of the passage. \Wen not in use, -the first opening

angl e is iany @ka bieast shickt Bas aotitye spd di dinpheaes {hat R deditiven PRl by the
stateygat glif@she Hﬁghrta%ﬁl {_ng%gﬂh%%l AU AN R & aMin@Me hamber

-pressure on the br Sai d breast shield can al so be used
i.n ot her ¥oackiyefsise pextpnd sdivergt-tnaddside prark.lkand ek hreashrshieldsidernagthesing g

the use of _ljne mul t aneoysl y. %

itk or ¢ ok Bl Raittodloh s BRSEB0 Yo MRS yBuc RELHTLER sty
t he known ther Basﬁt*shialcﬁdmks pﬂﬂ@f tige thaenben furthetmery dias agmilk parthfabyrodutieg a
nipple in a breast shi f this type i ust onmari | expanded to
2.5 times “PHETSEhG A I’f‘ﬁ‘ér“@ﬁ?"““&ﬁf’%‘&{“‘s‘ ﬁP@éﬁ%h’f‘c“Pﬂ’r P‘?‘Ké‘“ﬁﬁ?%@ﬁﬁ ‘Hg
parti gyl a'&oﬁﬁec‘éb@o Bas$h dIRd:NA WrmS loP BuRScomMiBHcatloh viaﬁhélﬁx%astisb[ﬁldcside art of
val ues of the first opening _angle of the breast shield are <

(smal | er #ic dgoker. Paeigpblyn sridraque mEbise Hpwigy PURp ed &w&h%b?rds the
160. Duri éﬁﬂnﬂ‘ Tale (R t he axial pressure applied, at | east
t he secon& open ng- éngg g gﬁenlarged up to 120, preferably up to
160. The funnel preferably has a breast-side dianmeter of 5 mn to 40"

mm and a length of 10 mm 30 to 4ﬁ1d gﬁ thef nn{ggof%_ yum-
State, t S FSPAD BEP SeY AV AihAReed A 1§ Sve b Abtinisdd By
br eastgs hltl@h:dmttMQ nddiielk s ohductihe 1iBe.cAss alsb S}ﬁbﬁiblé‘tﬁﬁ sgid efacialy |py1mlpO£or the

surrounded by the breast shie]d.
breast shield to be comlected dlrectly to the first port of the chamber.

" In a preferred embodiment, the vacuum pumplis an electric diaphragm pump. In this case,
the diaphragm of the diaﬁhragm- pump preferably forms the abovementioned diaphragm
25 serving as a drive for the milk and as a partition wall. The drive of the diaphragm
‘ preferabiy serves simultaneously to generate the vacuum in the pump chamber and to
convey the flow of milk. meg to the tnple functlon of the diaphragm, the vacuum can be

better controlled. ‘

30 The diaphragm preferably has a substantially circular outline. The diaphragm is prefefabljr

driven in the central region there_of, preferably in the center thereof.

Other types of diaphragm pumps having, for example, a flat coil or a moving coil as the



PCT 8 Between the connector and funnel, there is preferably a
transition region with a third opening angle of the passage, wherein

the thirdX

ning angle is-larger than the first opening angle when"

the device is not in use. 5 Typical 'values of the third opening angle
are 60 to 150. The mumin region preferably directly adjoins the
transition region. The end region preferably also directly adjoins

the nmain Ideigt fstent Qant Hls@ b GEIIE Al haSVRBIPTB fhouié.’lﬂlﬁ %ﬁfiﬁ@falhﬁ'ﬁe ased.
n

wal | thickness that.is nuch greater than the wall

f unnel .

ess of the
ugRermpe. ashalby drien epmas Mok be Bs5d- connect or may al so be

formed froma material having a greater shore hardness. In'the
transition region between the connector and funnel there is
pr ef er abl y'hare i ptefaraldy e ponreGirminlehopmothetatesvadnaives Wwhich nteates a connection

circu

erence of, t onne e.connect or, can ea
nsertgq. oRpteed b dEube g it sl iz nRRRE s Brif b Binesionde e
desi gned snitihcdifefing dontre Bopesd chdy Wilert ¥Vasthitilesysterieds. alr2£21y$%b1d filled
breast shield-according to the invention is preferablﬁ( manuf act ured |

from sili GFEMRIEY)AS PRTSHG JWithauilly osWhen there,isajspddgens

largetryespyre inrbe

funnel prehansh! Hei\%ﬂo@du%l@f fhe ‘%a&ﬁﬁf?’ﬂg%% bodfoilir-Rlled dd28 V%Rﬂ&@ Gd Qéam

has preferably a Shore

ardness of 70. So that said

relativel ;alsgrmzbideéh@reclihmmondoma@td thtmﬁrajal&athe brelvc eeachrtayxgmtdhq bottone

'hand, bl d
cer.” e dn B RrseRoh of oy R oBP HubE sl BRRM BEbRare
in a seal |sh@1dxﬁd@&rglonvwfaheblﬁhnﬂﬁr dvidetiplgionds pias t:eﬂusedoﬁo asyhe ﬁﬁkrsldﬁfeglon

desi gn an
recei vi ng

oo e CB7 1RE  gFHHY HAGRER 8 TF T gisR G IR 48

connect ed tQie Qﬁ RAS 8RURaRberd 8 @R RRAin®The ki c%ll&&ﬁl@ﬁ:oﬁtfamtef hair-filled
communi cation. 30 I n the assenbl ed state, an end

connect or deadrielumes e aiabbles ithe system aregreitied. ab| y ends at a di st ance:
from tge base of the coupling part. The port opening is preferably
arranged eccentrically in the coupling part. PCT 9 If the port

openi ng i STherdesivg @dedrding o uimpimvem’mgiamd tlof methed acupding ¢p ﬂmrinvemtidn chebe

space,

20

25

30

coupl i ntg hgﬁr &ﬂﬁ%ﬂgyﬁ%r@%g&%ﬁe&e{l Pre?grgbr])?,shov&e%rs sns:léllijgregﬁ shle{}ls are used in .

order to keep the dead volume also ‘here as small as possible.

Use is preferably made of a breast shield, which merely surrounds the nipple and at

maximum the aerola. Not only can said breast shield be used in a simple manner in a
“hands-free” system, for example can be kept in a bra, said breast shield also has scarcely
any air-filled regions because 6f its. small size. This has a positive effect on the vacuum
pump since the latter requires less power and can therefore operate more quietly.

Furthermore, for said reason, said vacuum pump can also be made smaller.

In addition, breast sh1elds of this type have the advantage that there can be less movement

- of the t1ssue of the breast within the shield. As a result, the breast shields can bear more

tightly a_gamst the tissue. A lower pumping power is required as a result. The pump again

can be designed to be smaller and operates more quietly.

According to the invention, the device has a breast shield which adapts itself optimally to

the shape of the human mother’s breast therefore creates a tight or less tight connection to



operation, stati.onary air bubbles are avoided in the coupling parts
and air-fghﬁﬁd dead 5spaces are elimnated. In order to be able to -

i nsert the Ctonical connector nore easily, the blind hole of the -
coupling part also tapers in dianeter toward the base. 10 r The
coupling part is preferably of stiff deésign; this facilitating the
insertion of the connector and increasing the stability. The part can
t her ef or e thebmestddepaslihgothetjdirenrenfsast ened. The conbi nation of the
three elenments 15 - a:vacuumtransmtting and m | k-conducting liné L .
a punp-chanber diaphragmwith its triple function --the breast shield

that is ofSushalbreadesiicdd acvoftiny/0ithsinde@ibn\hat bl fabalak esihetttr anll AfudedlitER is
t hat can he de i%_ned to be extrepely small and quiet, and furthernore

i s opti ma/MysRUY fammed fereon 3yd s, ukended forgesting giap imothpr g, breash nukergip dhe

use. 2@ FURihetyi@aN i APeRYRe Sib Pt Rla? PRALWATRANS cBlnck e 278 WiRtin
are indicated in the dependent clalms. 25BRI EF"DESCRIPTION CF THE

DRAW NGS Phese éy # pebsegeb ot olesxtends tontinuoushyvizem iadmeast-sidelexhofibe fiysklbes far
R L
10 Fi gur e 1@apgiym vtabeund & ihe endleBrigéasgariddforihg floevidg aeeyefitheckptaaseduiseast
' whi ch %niflé.%ccording to the invention, the funnel is of more flexible design than the connector,
' 10  and the funnel has a main region extending over a substantial part of the length thereof
with a first openiﬁg angle of the passage, and a breast-side end region with a second
_ opening angle of the passage. When not in use, the first opening angle is smaller than the
second opening angle, wherein, in the use state, at least the first opening angle can be

eniarg‘cd by axial pressure on the breast shield.

5 | | |

Said breast shield can also be used in other devices for expressing breast milk and is not
restricted to the use of lincs which simultaneously transmit a vacuum and conduct milk or

- to the use of the aboye-described chambers.

20  In conirast to the known breést‘shields and to the natural sucking of a baby, the nipple in a
breast shield of this type is customarily not expanded to 2.5 times the length thereof. This
is pléasant for the mother, in particular if she has painful nipples. )

When not in use, typical values of the first opening angle of the breast. shield are < 5°
25  (smaller or equal to 5°) and of the second opening angle are 90° to 160°. During use and
" depending on the axial pressure applied, at least the second opening angle can be enlarged

~upto 120°, preferably up to 160°.

The funnel preferably has a breast-side diameter of 5 mm to 40 mm and a length of 10 mm
30 to 40 mm, and therefore, in the use state, the nipple, and at maximum the areola, is
surrounded by the breast shield. Milk ducts in the breast tissue are preferably not

surrounded by the breast shield.



wal | of the vacuum punp is not illustrated; Figure 3shows an expl oded
vi ew of t?gﬂyacuun1punp froma first.side; Figure 4shows the vacuum
punp accordi'ng to Figure 3 froma second side; Figure 5shows the
vacuum punp according to Figure 3 assenbled for use, but w thout side
wal | ; 10 Figure 6shows a second embodifrent of -a device according to
the“invention, in which a side wall of the vacuum punp is not

i |1 ustr at Sdtwdenghie eod@ztonvind afithre gthéraOis At fembiyt 4 amnditiero vagiorawith eagiird

shield according to the 15i nvention, applied tp. a human breast with a
rel ativel yp?ra?gggn&le A Pptsagss Jrherein @Egﬂwé MR el 132'@6{ Tnie fhf
section tQpagggmkmgwpépﬁgHm§§h§hgj§g§9rding to the invention
according ta Figure 7a, applied to a human breast with a smaller

contact pressure; 20 Figure 8shows a |ongitudinal section through the

breaSt5Sh??b%ma%ﬁﬁgggﬁ%&%ﬁﬁﬁ%ong?Fégm%i hu?l Qupling part in a first )

enbodi nmen I gure inal” section through a coupling
part 'in a second 25enbodi nent; Figure 10shows a | ongitudinal section

thr quh aTﬁgulglafnngeg?c%{ tpréfgraglyt'crllllrercay eggjglgé r@e? ttéansition _region. The end region

preferably also dirécﬂy adjoins the main region.

10  Ina preferred embodiment, the connector has a wall thickness that is much gréatef than the
wall thickness of the funnel, As an addition or alternative, the connector may also be

formed from a material having a greater shore hardﬁess.-

- In the transition region between the connector and funnel there is preferably an outer stop,

15  which protrudes over the outer circumference of the connector.

" The connector can be readily inserted into a recess if the outer circumference of the

connector is designed such that it widens conically toward the funnel.

20 Said breast shield according to the invention is preferably manufactured from silicone and
preferably has a Shore A hardness of 30 to 70. The funnel preferably has a Shore A -
hardness of about 50. The connector has preferably a Sl_‘lore'A hardness of about 70.

So that said relatively smalil and compaét breast shield can be readily held in the hand, a

25 coupling part is preferably provided in a breast shicld set. The coupling part serves to
receive the breast shield connec;tor, in a sealing manner, wherein said, coupiing part is of
cylindrical design and is closed on one side by a base such that a blind hole for receiving
the connector is formed, There is a port opening, which is connected o the passage of the
breast shield in terms of fluid communication. '

30 | ' |
In the assémbled state, an end side of the conmector remote from the "breast shield
preferably ends at a distance from the base -of the coupling part. The port opening is
preferably arranged eccentrically in the coupling part. |



Figure 11lshows a | ongitudinal section through the coupling part .
accordingaif Figure 308; PCT Figure 13shows a |ongitudinal section .
t hr ough of the device according to Figure 12; 5 Figure l4shows a
| ongi tudi nal section through the punp unit according to Figure 12°in
a first enbodi nent, and Figure 15showd a | ongi tudi nal section through
a punp unit in a second enbodi nent. 10 The saine parts are provided
wth the sane deS|gnat|ons |n the figures. DESCRI PTI ON OF PREFERRED

EMBODI VE S5Figures..1.to 5 illustrate a first enb

ovi ce. ack SR heBmg ibareahinapippedtofiuht EuwbEl Bt Aithe Sl per
first 1ingg2 nﬁrlﬁﬂglpdvlnﬂﬂ deBhds ‘Bhis aider @St hbisphdd, ﬂlen,admmy the Wixipregsihy e
5, a second line 6, and a M|k collecting container 7. The b}r@f:g q;ad

shiel d 4 ¢pstationnsietientry @irt brbbles ¢t AYiderhin thei epupling e #Ep P §iry

and t f le line 2. The second flexible line 6 |eads
fromt %ngéﬁ&rgneelﬂngﬁét‘fgt o.the mlk collecting container 7, said
connectl on be| ng. provided with the nonreturn val ve 5. The t wo

flexible r ef er.abl bes artic

si li cone. ABI FW F‘h@?rag[ eH’pf rguﬂ&u%é“ cpyrisc I 01’%3]?‘?15)“, $g con alonfetrhe
may al. ter%lﬁ@bﬁtﬁh@&p&@ﬂﬁ%%ﬁt@w@ﬁltﬁtbz%@t|y to the vacuum punp 1.
For this purpose, there is preferably a suitably shaped adapter 70 on

the mlk collecting container 7, said adapt er bei ng detachably

connegy abipg, 1 OPst MY phe@blyt S iR CIkioh P HED faclitGrint2 GeU IsBHOR of s
the a ove?ﬁen??oh d ousﬁ%géloy a glde mgh$ of the housing 10 not
: connector and increasing the stablhty The part can therefore be more easﬂy held or

" fastened.

" The combination of the three elements
15 - avacuum-transmitting zind milk-conducting line -
- a pump chamber diaphragm with its triple function
- the breast shield that is of small design and avoids dead volumes
results in 2 device that can be designed to be exiremely small and quiet and furthermore is

optimally suitable for any type of use, in particular “hapd_s -free” use.

20
Further advantageous embodiments and variants of the method ‘are indicated in the
dependent claims. '

25 BRIEF DESCRIPTION OF THE DRAWINGS
Preferred embodiments of the invention are described below with reference to the drawings
that serve merely for explanation and should not be mterpreted as being limiting. In the
dxamngs

30
Figure 1 shows an exploded view of a first embodiment of a device according to the

invention, in which a side wall of the vacuum pump is not illustrated;



30 being illustrated in the drawings. As a result, the interior of.

t he housi c 0 can be reveal ed. This can be readily seen in Figures 3
to 5.- Ther s an electric notor 11 in the housing 10. Said electric
mot or can be operated fromthe mains and/or battery operated. PCT 12
A force transfer unit 12, here a pistohOrod connected to the notor,
transfers the rotational novenent of the notor into a |inear -
movemnent . Higere@onneshowg theaddvit2 atcﬁbrdi@gwaE‘geﬂ Phssédisle® eHaRel if Réhich a side
thereof to a diaphr "gﬂ?‘i’]ﬁﬁ The di aphragm 14 is _arranged in a recess
112 of the housing 1 CHCHYR pEmp &y ot Jlusatedinp  chanber. A cover 13
that is detachably. econnect able to the housi ng 10 secures fthe

di aphragm 14 in its position. Instead of said drive, other types of
drive, in PHaweidcul ashevern exptadad vigwiof g, vacaum pimsp fom aSwtkidel0 The
cover 153 is preferably screwed to the housing 10. O her types of
connection are |ikew se possible. The cover 13 |ikew se has a recess
133 such tHigereslai d chows the erecmmepuagcRbskdigns Fighrd DRoRuRckamer . The
two parts of the punp chanber are separated from each other by the

di aphragm 14. The cover 13 can be formed as a single piece or as a
nunber of Hp@ess. 13hdhe tRy vaslil Sund 10RR%AL 'tefhgﬁre ti‘@ss@%ﬂi@@rfﬂﬂ%é)%m
is not described in detail here since it 1s wel ans of
drive, here by neandigpugsidgvdlk 11 and .connecting rod 12, the

di aphrggm i s moved cyclically to and fro such that a negative
pressure is generated in the breast- shi el d-si de or cover-side part of
the punp dfigubér. | shoend stondnenbidimentidfl aidtviad according s @he Givestion, in

~types of drive suita f or, t he di aphr.a 4 cyclically can
al so be used. The el %&‘iﬁi‘r%ﬂ?‘e@kﬁﬂ?w&mp&ﬂg@ﬁ%g%ﬁ ai‘/"ﬁe punp and the
control eI ements are not illustrated here. Use may be made of known

nmeans. \e/'mgl}rn‘[;} can Ee ope ated with a téenporally constant cycle, or,

as is kno fi’the PRIWY 2a gmfdﬁ@l saetionofireughya breast 1shickid agroeding r'iOtthe
shape,1sf requency, aighchfiéeashiieh «§ DGR b

t he baby and/or to thg 25 rlzlsqw rerrenj %ﬁ{ﬁgﬁa‘} ‘}e?yaprﬁ%aﬁéﬂa%r\f P

13, i.e. in the valve plate, there is aflrst outl et openi ng 130,

whi ch con side, part .of .t he nm -
chanber . gﬁ %{é ut | e? Haé{ﬁgegri gggél @&%8?%8% uﬁh i Q’F axfoyheld ﬁcqﬁi@gftﬂ@?
line 2. A second outdvehti@psnbriinglid Figusb 76, apbiidiwi $Burdh 5000 06t §hfler
cover- and the breast-side Eart of the punp chanber to the

surroundi ngs, respeﬁ?’?%lpV’S % designed as a second port. Said second
" port 2§ provided with the nonreturn valve 5 Use is nmade here of a
duckbi I | valve, which is plugged onto a connector. However, other
types of \Faglvggar e ahoys Q, ;t@:lmalpsgqnollglnough the breast shield accordmg to Figure

7b with a coupling part in a first embodnnent

Figure @ = shows a longitudinal section through a coupling part in a second

25 embodiment;
Figure 10 shows a Jongitudinal section through a coupling part in  third embodiment;

Figure 11 shows a longitudinal section through the coupling part according to Figure -
30 8 | | | |

Figure 12 . shows an exploded view of part of the device according to the invention

" with 2 pump unit in a third embodiment;



I f ‘the device is now used, the breast shield 4 is placed onto the

not her' s st such that said breast shield at |east surrounds the
ni ppte. P rably, at maxinmum the areola is additionally surrounded
by the breast shield 4. The vacuun1pu2F‘1 is switched on and 5 ,
operated in a known manner. The vacuumdlgenerated in the punp chanber
evacuates the first. line 2 such that .there is a negative pressure in
the breast shield 4. As aresult, mlk is expressed fromthe nother's
breast and.passes through.the breast. shield 4 and the, coupl i.n rt 3
Pn ot he PR 18T - N o el R tia® st g dhe devick Soreing 4 Fleiwes
‘thé cover-side part1pf the punp chamber. The expressed. milk |eaves .
t he punp .chanber -t hrough the second 10 port 131 and-the nonreturn
.valve 5 and passes into the mlk collecting container via thesecond

line 65(s LGure- r : j : Egggi - ol

(see FFgu?g ??HTheégwﬁé‘Fﬁ%@%?%?%gﬁgﬁggﬁ £%€5P§ & 1or ?%%%g%ggﬁ%%%z
the mlk. The firstidafist@nselives, atl t he sane tinme as a suction line
and as a m |k transport line. After initial pneunmatic punping, the
devi ce therefore changes to hydraulic punping. This is a further.
appr oxi natfige 19 t hehoka zﬂaﬁglfﬁinaﬁsé@ﬂféxf%dﬁgh R @tiof Bnit I LsedbRPdMRAIh .
in the punp chanber: has three functions. Firstly, it fornms the

di aphragm of the di aphragm vacuum punp.and thus generates the vacuum
in thgppu st VES AS; EL wal | -bet ween
e 0P RicRh S?%%%?E@{)“%?W%’#ﬁ?%?%dﬁ& ’Sﬁ%ﬁg‘ﬁn%% SRd the m Ik in
the cover-side part of the punp chanber. It therefore serves as a
"neans of separating nedia. It thereby prevents mlk frombeing able
to pass into the ‘punp unit. However, it also prevents dirt fromthe
pump unit from bei ng abESCRIPTIONOF RRBFERREDIBEMBOBIMERIS0oNd | i nes 2,
6. Thirdly, the cyclic novenent of said diaphragmwithin the punp
chanber results in said diaphragm conveying and transporting the m |k
Owi.ng 150 38pad @ td BiiNethiNChisPEMBIdih R o R Moddtding 48 H3AntdA8on. Said
expressing operation, the mlk collecting container 7, breast shield
4, and vaciguiee panpvacusmpbupy hedisidad 2i acpwiing boh3, adbreesh shield 4, 2 nonreturn

i ndepende f Mo a1 EQL: , 1 k coll ecting
containerqéh%éhgggmﬁgg% g&mgég@gg%ﬁgaéﬁéﬁﬁﬁﬁﬁﬂ%p 1 and/or the breast
shield 4. The vacuum punp 1 may al so be above the mlk collecting

cont ai ner . nd/ or, .t he .br east ield 4. This .enahl es the nother, 30_.t
o ose niYhe st g B bRt B Greuimpbing R e GRuaiE Hig b e
m Ik ol | efekitdg ligo 2 Ihd &kcohd AMkible Giny FCILTY RokIThd vRdfue pusipdl fo Bk milk
anot her raised, platformout of the reach of small_ children. PCT 14

In the exdRPFERSLERIBIET Agaldsornestipe being proviled aithdaponyeugrabie i dhptwe
to 300 nHg, f : j : ency is '
preferably giel)t??/\/e%e% zgsgﬁgﬁi%%ggtg%%'gnﬁgaﬁ%wnglggg&fflﬁlgﬁg&nonr eturn val ve
5 preferably opens only when there is sufficient pressure,. i.e. when

the punp chawber. | Jf ficiently filled wth mlKk, r.esul t'he

dead’ Vol ure AT b S cbiocle o i sy ChusBuO Rt b oo B

addi ti25n, diketlgenchevadcuni maip DeFsetiiicadpdiy, e BeiréfirabBde saitably shmpbd -
hield 4 : ' .

breast s Ia%agter 70 on the milk collecting container 7, said adapter being detachably connectable to

a housing 10 of the vacuum purmp. |

The vacuum pump 1 has the abovementioned housing 10, a side wall of the housing 10 not
30  being illustrated in the drawings. As a result, the interior of the housing 10 can be revealed.
- This can be readily seen in Figures 3 to 5. There is an electric motor 11 in the housing 10.

Said electric motor can be operated from the mains and/or battery operated.



10 which only surroundi the nipple and as small a part of the

remai ni ng eﬁeast as possible, if . any part of the renaining breast:
at all. A Sui tabl e breast shield 4 according to the invention is
illustrated in the figures. Said .breast shield and the coupling part
3 thereof can readily be seen.in Flgur%% 7 to 11. 15 Figure 7a shows
a breast shield 4 according to the invention applied to a fenmale
breast B. ATfeacehirangter uniiild) kere a lpistorarod snmected to #8, metof, uransfers 4l rotatipnal

ot |y obERbrs: SOBDRR b ek MRS T RE R BT Bl PR e
flﬁ_ﬂﬂﬂj 212 secéﬁdtenﬂ?ﬁtwﬂﬁnl a)?tsﬂ:&@nz}ﬁ ’Hietdsaj;dﬁagﬁﬂlrj&sghaﬁg&atneméces lbam?ie _
sni e uc atter 1Is esi gn e open a (0] osite
ends. The B?%%ESH% h’Tthé‘?%d formsppart (Of BPEB| 312161%% c%a%%ivsmdﬁﬁimfsgﬁnﬁ%ﬁ?haém
designs . ca_ﬂli%ct!%ﬁﬁihesht&hﬁhéilffjfsécﬁrepﬁﬁfd%{pﬁfé%')ﬁ Meqig SQU@FP‘. a single

piece. It is customarily conposed of pre erably of silicone.
25The connector 40 is of solid design, i.e. relatlvely stiff design,

and serve CHHR! u
thic kness§ns < thh‘;gldrruc h’ b{ﬁgra est Fﬁ%ﬁl&f EA b tvlc’%; I??laélégl 0 ve? h\égf"’!l n ee1
42. I'n thuxﬂexanple t he connector 40 is of conlcal design at’ the

outer circunference thereof while said connector is preferably of
rotationally symmetrical design. The conicity facilitates the

i nser 1 on ThatRvéMes 6P pRifdrEy Q@fe%e@ t8MAs hbﬁbu?gd@@ tﬂ)ﬁ’l@y %]%Q s loP CheReasn bhe
tightness _of the connection to the coupling part he tightness is

f ur t her notikewise @psiihie.pibe wetéhdrécewm hapa rekges 133 @tiﬂ; thettseid edver fuisg
SlTont!y CORAPERSH P citibl g hs) ﬁﬁqﬁﬁ 5&1@4@ PAIRPAL ﬁ}g%}ﬁted from

out si de dlanet onnect or ar ger
i nsi de di amaht ehelolby theediggugdm id. Phe toldr quan (balfometdarsrmbmgﬂnequa:rrmscﬁ
the PCT 15 eror}e%tcgr 40 are 8 Mmto 40 mm Typical lengths are 5 mm
to 40 nm "

15

The principle of operation of the diaphragm pump is not describec_i in detail here since it is
well known. By means of a drive, here by means of a motor 11 and connecting rod 12, the
| diaphraiém is moved cyclically to and fro such that a negative pressure is generated in the
breas‘;~slajé1d-side or cover-side part of the pump chamber. Instead of the drive illustrated
20 here, other types of drive suitable for moving the diaphragm 14 cyclicall‘yl can also be used.
“The electronics required for operating the pump and the control elements are not illustrated
here. Use may be made of known means. The pum;i can be operated with a temporally
constant cycle, or, as is known in the prior art, the suction curve may be adapted in the
shape, frequency, and intengity thereof to the sucﬁon'behavior of the baby and/or to the

25  requirements of the mother.

In the cover 13, i.e. in the valve plate, there is a first outlet opening 130, ﬁhjch connects

the environment fo the cover-side part of the pump chamber. Said outlet opening 130
serves as a first. port for the first line 2. A second outlet opening 131, which likewise

30  connects the -cover— and the breast-side part of the pump chamber to the surroundinés,
| respectively, is designed as a second port. Said second port is provided with the nonreturn
valve 5.._Use is made here of a duckbill valve, which is plugge:c_i onto a connector.

However, other types of valve are also usable.



The funnel 42 serves to receive the nother's breast. Said funnel is
preferabl C{;Jpnflgured to be highly flexible. It is of substantially
nore flexibl'e and soft design than the connector 40. 5 OMng to the
flexibility thereof, said funnel adaptﬁ%ln its shape to the shape of
the breast. It has a nuch smaller wall*t hickness here than the wall
t hi ckness of the connector 40. Alternatively, the connector 40 and
funnel 42 midr al so have the sanme wall thickness, wherein, in this

th f. t L
g, SRRl v kR AP AN bAS R ol RO R TRRE L e
Er ef er gﬁl )salﬁalsre@t ?hmtde aﬂe&ﬁbdﬂlﬂf)dlﬁt&S&e Qﬁp}ﬂ&d!ét’éfeﬁﬁly@?d nzditﬁn?:ﬁ ﬂﬂﬁ@f@ﬂe; 40
as a Sho ness a il lustrates reas
.shield 4 ﬁﬁ@ﬁo y fopropaded byyge me $h1fzig BE YFCUBARYIR oS ﬁ@ﬁ%’ﬁs@n gnd
mai n regi Q»ﬂerﬂ:l?e@ 13%%“3(1{195}{1181' %@%&uﬁ?&ieﬂa‘téﬂ iﬁEih@Bﬁlnf) %Héﬂbr%%écuafé@%

not in use, the main re%@on 420 has a first openin al and t

end regi ofr#dines sk ddt }:f'emarrgg%famsemaznﬂrﬂbeeasﬁ gpémmjuléﬂgﬂbls
ai is smal, %B%nf € nRREAA AR B0 8 kil e th BS54 alNSufild

i's pref era ent over ou eend can be
in . Fi glpm§ ifi@ therfirs? hine 2. Wéefxmtlsﬂowqothmug@ﬂmrfgh@oﬁll30aﬁtolﬂﬁ:mnéraai@;ephrt

~upon axi.al .cont act e on th st such tha nd regi on
43 can bet G PYEP GRSy P Tk dge 6 HD presBi SR
seen ip t ?Srtfll?:g UiiSthe hBSretufBiAlvé 8 3ind@HadkdOirlh HRCGHIY c@l@ﬂdcﬁh%" éoﬁtﬁlﬁeﬁﬂg the
region 42 At the other end, the main region 420 direct adj oi ns

t he t r ansiseqond ling §i(ne Higure 2) prelsch depending on ithsremhodinaamt,aliree Gsee Figuee 6).

st oper i aegtacarnd it M Efphiing YESHIETTIE WA BR/2 AR 4 e

angl e ser wse aunwspr sutoelin aeldasveainilk tﬂanspottﬁme]\hﬂer mmgl preufratic pumpmg,
enlarglng 1.4 use refera

The f br ot tndegharstre el Rblis Rene oftis SR onisrunaoh g e
‘to 1605 amdnkssudkiee éfibabids.openi ng angl e a3, 60 to 150. 30 Wien in
use, at least the first opening angle al can be enlarged to an angle
of up to 10. PCT 16,

The diaphragm 14 in the pump chamber has three functions, Firstly, it forms the diaphragm

of the diaphragm vacutm pump and thus generates the vacuum in the pump c_]ia_mber.
Seéoxidly, it serves as a partition wall between the air in the pump-side pért of the pump

20 chamber and the milk in the cover-side part of the pump chamber. It therefore serves as a
means of separating media. It thereby prevents milk from being able to pass into the pump
unit. However, it also prevents dirt from the pump unit from being able to pass into the
first and second lines 2, 6. Thirdly, the cyclic movement of said diaphragm within the
pump chamber results in said diaphragm co,nvéying and transporting the milk. Owing to

25  said third function of the diaphragm 14, during the expressing operation, the milk
collectmg container 7, breast shield 4, and vacuum pump 1 can be arranged in positions .
which are mdepcndent of one another. For example, the milk collecting container 7 can be
located above the vacuum pump 1 and/or the breast shield 4. The vacuum pump 1 may also
be above the milk collecting container 7 and/or the breast shicld 4. This enables the mother

30  to express milk even while lying down or, if she is seated, to place the milk collecting
container 7 and the vacuum pump 1 onto a shelf or another raised platform out of the reach
of small children. ‘ |



region is preferably 5 nmto 40 nm preferably 20 mrm-to 40 ramAs a
result, itpdps of such a small size that it surrounds the nipple and
at nost a further part or the entire areola. This-corresponds
apprOX|nater to the portion of the br ast which is taken into the
.mouth by a baby. The funnel 42 is of f ustoconlcal design in the
regi on of the connector 40, said funnel 5 opening toward the breast.
The front In Brecemplesdascordingde it ito i6s a negativeauessuevafrito 300mmHyg is

greater degy

great or oy 1ARddR, POLABRIAL IPAAR PR RSB0 SERTED GUR
by ch005| mgnathe contadct pressure, can herself select how nmuch of the

breast is actually 10 surrounded by. the breast shield 4. The contact

pressure is produced from,the axial pressure on the funnel -42 and the

count e pr g3 WolrebirR %Ive% pretehdly §€éﬂ§ QaBt whémmEﬂegy L&iéRnt ﬁ&%u&o El& aGhen

pressure is relatively |arge and funnel is expanded,” and, in

“Figure 7bthapinmehasbet b sufficimdly fdled sy mifle Asuameailt, the deed volymeivhiok bas
the nippl ¢ ressure, the tightness of -

beari ng agaF%éagELge bé}g%%st cgjn aﬁﬁ mge adj usted and therefore the 15
expressing operation can be adj.usted to be as confortable as possible

for th b Fj th t shield 4
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the outer circunference thereof, said coupling:part referab

cyl i ndr i c&PY Bt phihe pemainiag braastiak allj A seifabls l?féﬁﬁh#béﬁ?l@ﬁ @-@cozfcﬁeg tothe m‘@n‘uon
{1 ust oconiiibistPie AT Abured. SHITHAMMNA add 1B B Rnb hAD I BREF LB Radily be
section, i.e. S|gn ]be open at one énd and ¢l osed at the
opposite emm’f"m‘ts?i@]ﬂherefore a blind hole, into which the
connector 40 of the breast shield 4 can be pushed as far as the stop
41. In Figure 8, the breast shield 4 is not yet fully pushed in. As.
can bésse@igurh O:WE}WS, a bmeadt BRieldW icdopditiedhd mvsitRhapplidiata femak t@edt B.

bet ween tg.il ﬁnd Si f 25 the connec r 40 and the rear wall of the
.coupl i ig J&FPregst dgélaSPaP?ﬁ%'gré £4 e lapitngRsion 44 sausstes
43 t0 a peldse ARBNITAEe 3} ﬂr@fefabl%f E%‘:ﬁl{ll}nguﬂﬁaﬂly otrud§%' fHae 41 @mbfgghe
31 serves for the connection of first I1n . The first line

may si npl goecior ddpad fupnedhdge A ¢qntmmusmsaaa¢n ﬁé@wada‘ theaughythe entirg ebreast
coupling r - [
exanpl o comas Ry BRI AP e eh o JBplie 852 T Rfceas Shilg
t'he rear vsybrkferdbly & rgtatiendlly,syinimetricabdesimged i n the casing, but in the
rear region close to the rear wall. Preferably it is arranged

| i kewi se in the upper region. Figure 11 once again shows the

si t uat i'on‘The GeJast shepld @ 1@1@%@1ﬁdesh>gikd% hRpile fige. Rﬁ@@\&%onﬁ!@ﬂ;eb&nﬁosed of
plugged in. 5 If the port opening 31 is arranged at the top, th

resi dual Qlalsn%@rqf%b]é’d’éﬁﬁhi‘?%? part 3 is sucked off - together with the
mlk and the dead volune is reduced once again. In the use state, the
breast shield 4 and coupling part 3 no | onger have any air chanbers.
The cRéar dheesnrehtor 0fis of dolid tdesign, greestativelyatiff desiph,eaid wetvhs for lthe ccdBpling

0% 4 B MR S B R i

coupling panke Bunnel 42. In this example, the connector 40 is of conical design at the outer

circumference thereof while said connector is preferably of rotationally -symmetrical
design. The conicity facilitates the insertion into the coupling part 3 and, in addﬁion,
30 increases the tightness of the connection to the coupling part 3. The tightness is
furthermore obtained by the connector 40, due to the material, being slightly compressed in
the coupling part. For this purpose, the outside diameter of the connector 40 is slightly
larger than the inside -dia.meter of the coupling part 3. Typical external diameters of the



“Figures 12 to 14 illustrate an alternative enbodi nent. The suction
line 2 alz)g: orms the mlk line here. The expressed mlk is
transport on the breast side fromthe breast shield 4 via the first
line to a chanber 8 and fromthere is transported further into the
mlk 15 collecting container 7. Furt helrsrmre a di aphragm 14' is al so
arranged here in the chanber 8, the diaphragm dividing the chanber 8
into a br@amtecmﬂ@m&mdﬂor‘iégumrif}@mdlIangthsa/re5smd¢oéﬁmu:mt side
regi on. However, said diaphragm 14' is now not the di aphragmof the
vacuum punp, as in the 20 previous exanpl es, but an additional

di aphr agmTheidigb42 sefesie fREi®e thetmdilg’ sthéast. aai@tﬂmu Rfpré&empblyabhfigired to
medi a and s rves,_as argartltlon wal | bet ween the breast-shiel d- S|de

part 81, Y Sexibley Iei ofisubstantiplly moncitlsyiblpsand sgf desigrpthamthe coppector 40.
punp- skde omg 1Sfe ﬂeéafbmy bRfof s&%%meysa g{ﬁﬁ b El%g@'ﬂijthb §hzfgb ok afd b‘ﬁéars{“ It

air. Furthernbre, as before, the diap noved cyclically,
as .i s desdes bemudzelsmllermaua ‘thickngbst herﬂtthm:r thesyalt tlsickress of Ke ¢onpactoh 0.

breast 25 hr ough .t he. br east j el d- t 81 in 19

T o + AR, b RARabe "y BRERRISCRL Sl FCRaBEG e BU e Bess,
t he breas tw}&‘funghﬂttds cdsaehamwmmﬁpp&ferﬂﬂyl miahiefactideR fioal dﬁ@tehﬁllg]avmg a -
cont ai ner 7 vmt ct to one apother e.sy tem a chan here
froma pn&UFHE ﬁ%ﬁpwcpr A1y Wnbd&f} é%ﬂ\)f&@sng ore A
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| aterally protruding wings 140'. There are three wi ngs 140" here. The
base plate 10", which in turn may be part  of a vacuum punp housi ng
has | ater

has ) 21 Bt 38l BENBRIE 615 et 88 8% 08k B 1 o
the PCT I&icisaaiein BgionHi20 ahdie fiont, bteedt-shisRiesidd éndgegiGanl. Whegsot anuse,

al so be used in the dlmgnts descrl ed wt erence to Figures 1
C0° 11, ThaNCdPHER AN 081 Fb aPRaRaEls & Wit SRLEOA SR AgrePpOApSng

referned tgsRere e BrsPHR ! g d
to the punp un|2t 9 wg a vg%u%%lkit Fgés %%QH% ﬁﬁrgﬁdﬁcé@n % @ﬁéﬁ%ﬁkg In
“unit 9 on atitisondbé wabfis plaferablycbant avdryutend gi thg epd %mr@h As ‘czmabevs;:emum
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respecti vehthe BRASVREH thdd eheSQRORFIORARY chB be dpiimRllE h@ipaddl ¥ tﬁé §kape of the
provided with a nonretumvalve 5 here. The connection to the

count er pl F@st-which in turn may be part of a punp housing 10,
prefepgbly takes place via snap-in or. scr ew connections, Werein the
correspondi ng holes are provided wth the designations 132' and 111
in Fi gure AsZants s?fmmphcrﬁgums,tthegmamcmgidh ﬂ@O tivedtiyadjomsehe ershregion 420nAt

be readily, s ure 14, n whi.ch, is

o et or abl Jstheat B Biifrediin eb 4rely S thed Fantihon BB, o0
preferably has a cuboidal design. A flat iron core 911 and a

per manent _nmagnet 91 attached to the latter are arranged on one side

of. the hodRithfytrasitiopeegionatt hereels g furthes ttiaird, ppapinghangle o, which is likewise
25  larger than the first opening angle o, of the main region 420. Said third opening angle

serves as a predetermined value for the main region for enlarging the angle.

The angles when not in use are preferably, for the first opening angle d; < 5°, for the
second opéening angle aj, 90° to 160°, and for the third opening angle a3, 60° to 150°.

30  When in use, at least the first opening angle oy can be enlarged to an angle of up to 10°.

The funnel 42 has a length L of 10 mm up to 40 mm. The diameter D in the front end



20 housing 90 such that the permanent magnet 91 is in a recess of the
housi ng.. The pernmanent nmagnet 91 consists of two parts, which are
spaced frdtirbne anot her such that there is - a recess 910 between both
parts. There is an identical construction on an opposite side of
t he housing avail abl e again. An 25ironl&core 911 and a per manent
"magnet 91 attached to the latter are also arranged here. A flat coil

former 92 paibh isPpreftdblyd2hn\RUMGnAT HeRFAHINE0 MR 1o J00hAR RS 8 %esult! i is of such

between said twg mutual |y opposite pairs of permanent magnets 91. The
coi | for meySuui size that issiseopndi the pippleragd.abmag aduherparitos theteaieechrend s Tnis
Al one en e TS g . i . i : 3

The gui de BasPehd rhie b HARRIRNhEBekd el M AGBI hDRH
i .ncl udi ng tahe Beiftin@P42 iseif instoeonical ddsezntio twiregio® 6f the dotineetoed® said funnel

rel ative to t.he pernapent et. 91 -al ong the | i tudihal axis o

[ he hoter igeBBE BERTRT Bleal Ui hont; nEaflafleifigies Ghoteat 15 inihneouar fo
900. The rgssadreRIaredthahliie GRhéctdr@id®art®2 is illustrated by a double
PCT 19 arrow in Figure 14. The other end of ‘the coil former 92 is
connected fixedly to a diaphragm referred.to here as the vacuum

di aphragm ' | i n
the S ond Siordny BB 8o RNE M. g% 3. FURRN (L BE ARQUR, B o8y
and a val Wby ghoasing 9% cofitet gircaphe,agm@scHapkretahes nauchwfphe bratids abfally

fromthe coil former, 92 e vacuum di aphragm.94 preferably has a '
Ci rcullgr osﬁ'fr j‘ilrfd(éd 7 e g%%%‘gﬂ@;-’ﬁﬁ%%&c Prg-?fgﬁels B{Pgl‘f)‘iﬁl&{’%’nf la’“a?pressme
di aphr agnenofhe dufidh ra2gamav fe Ut REIFSure T VB VbR At BeRD ISFiBkd7a, the
bet ween the housing 90 and a cover 99. Said three parts are

pr ef er abl YORBANBEEVE, 15t gfatisglynlares and rthgdiannel isyprenapdery apd Bndganotthdhe
in a det agRakh® iPEmARPARE ARNGRIE 45 RNREY enc pﬁs ﬂ@ﬁg@@%}%ﬂgfésﬂg WeSc Rt

provided with the reference nunber 991°in the cov e cover
has a por tPrespaai the tighmessof betringapoinatthe ibreastican alsathie cidjusted ecot Heotfed tho
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val ve plate 95. The valve plate 95 has the valves, inlets, and

' “for. i .. Th t
out | et's cust ommry. £or, 1o dl PRL AU VACHYT RUIDSea THSSS 218 3. The

couplingr part 3 is preferably likewise configured to be small, but 1o be as stiff as possible.
In the outer circumference thereof, said coupling part is preferably of cylindrical design
20  and, in the inner circumference thércof, is frustoconical or conical, respectively. It has a U-
shaped cross section, ie. is designed to be open at one end and closed at the 6pposite end.
There is therefore a blind hole, into which the connector 40 of the breast shield 4 can be
pushed as far as the stop 41. In Figure 8, the breast shield 4 is not yet fully pushed in. As
can be seen, ilOWCVGI‘, in the fully-pushed in state, there is 'a gap between the end side of
25 the connector 40 and the rear wall of the coupling part 3, the gap formihg a fluid
passageway from the passage 43 to a port opening 31 in the coupling part 3.

Said port opening 31 serves for the connection of the first line 2. The first line 2 may
~ simply be p}ug:ged in here, it may be connected fixedly to the coupling part-3, or there may

30  be plug-in or plug-on means, for example connectors, for connection to the first line 2.

The port opening 31 may be provided at different iocations. In Figure 8, it is arranged in
the upper region.in the rear wall of the coupling part 3. In Figure 9, it is arranged ceﬂtrally :



If an alternating electric current flows through the coil, the-

el ectroma ic field changes and the coil former 92 noves relative
to the per ent magnet 91. The coil former 92 acts |like a piston or
ram and noves the vacuum di aphragm 94 ad ically to and fro. In this
case, 20 the force acting on the vacuui di aphragm 94 is proportional
to a current applied to the coil. By neans of the novenent of the
vacuum di dplthcoxgan @4}, In Figood 10; il ik yrravigedivi the casingyibumin shelredrirtgiopelose tohike

punp chamber. 9 al.d .changes in pressure are passed op.via the . |
Vacoum |1 gy BRI Ao R rnged SR Fela e eirns Reviec! hsqagain
anal ogousl|show# the bit@atichCidtonii aPFipae®, Bt vithobiBe BN shibldl4 Hugeld in.
therefore driven via a |inear novenent that is generated
el ectromagnetically. It is advantageous that, in conparison to the
rotating deingprldhghinghei ' ; Lt 3Q
and 1 ever oLRaRi Beting B8 Lt 8 VRt ik R GHRE i s Wk
contrast taff together wish thermilk abths deakelhinengtrbducahoire aghianipahle udetstatarthe

be el ectranjcally,controlled. Thi ermts. precise control .even under
ow 30 vac P S i enblie fotld R Ietidte Gt FORUG- Jécregprce
t hi s pur pabereof] if stillippesextaamelfled ththsnitia 86 $had irGRriYpeABARS iPdctidfly directed -
optical sensor, which detects a position scale. The position scale
920 is prRRLbIGIBE GFPR COBRSROREMS gnirkingy derr exmnples danghr indigatedeon the
sends jigt S dol gwg)_endi cularly to the longitudinal direction of the
coil former 92 to an opposite detector 98, said light 5 passing
t:hrough the position scale 920. The coil forner is transparent is

said regi Li ght. I1.C and th etector 98. ar.e f er.abl y
ar r anged ﬁﬂ . Eée]?% et%ggs}lel‘gs%f%o&o%%f’% Ivfbg?lﬁg(ﬁ@ﬁ?t' #ﬁ% ﬁ'é‘glogf?neg 8¢ s dhe
of plosi ti oni_llnﬁashﬂre.r??texpfeeseﬁﬁﬁﬂd ibtrénspdiel di‘ﬁhsgﬂ’cﬁfﬂ skl id@ the Srea@Rhieldy
an electronic cantroller of the yac mp and the current |is i
applied to™t ﬁlée %B‘Ttlhrﬁ_c@o? dﬁfk‘f@g‘?ro %&%&’?éﬁ? Is Rén%PoFt%‘gtf?@ert‘WQ the milk
‘posi tiign, dolectigfdofinedn. Rithethdrddediagsbnt 18 4 QishAANRRNr LR O Ehamber
controll ed indgpendent]y of One another. Vacuum values of 0 to 300 .
mtg are adiegiiapdragny diyisting the ghambes 8 finte 4 bessstrshieldpide raginmand eidriye-side or
150 cycl esehiadieRdhe. As an alternative, instead of the guide

bearing 93, ther_eglrray al so be a second di aphragm 15 which is of
simlar or identical design to the vacuum di aphragm94. This results

in a symgtr puctiqn, .which |ikew se ensures qui dance and
‘therefore. a(; %%téas(rg%nn%%%hﬁ%%? qgf 15 Y 88 ﬁhe T%barpﬁﬁalnggu AP AU Rt e
90. | r20addirévious, exhingles caman adiifigial digphra@n. Hokemk, € bbrd) #86s e fmbtbe of
up the vacuum such that the flow rate can_he increased. 20 Figure 15.
shows a fGFPHEIMEMEEH Fdnierse 25 4/ partition paHpPeirech thy breast-shueld-side part 81,
el ect r omagath GRklYd 9RMSMAk GRirihh M8 and thy LS. BRpERE, Yart 1€ which has a
di aphragm In contrast to the above-described flat® coil, a noving

coi | is udwgather pressvrre awh éin Blledhmdthcai. | Fuathernadre, aasnbefore, the dippliragini Idalis

design, r ti . s ' is also.present . here..The

per manent qﬁn@"g’ (r%e({yxlgéfyl Y ﬁg .IE g?%hg% ?%Oew‘r%%?‘ reesﬁl& lg)ﬁmfsﬁ%rtsn%\e i“HB‘ ilgcgfl Iﬂ'le breast
renpt &5f r chieldet thresdt thehbehd-shiShi-ddeppatredieirto nhg meitk icslicdting ass@theby,
an iron care 911', ich.is in.co ct to the permanent magpet 91' on
a first eﬁﬁeme&évetqfﬁﬁ%ﬁra.ﬂ%%ﬁlﬁl&qo ttﬁ%brﬁﬁbﬂgaﬁég'ﬁﬁfa@}_“&bmﬁ@ fed the milk
per manent JFHEARL o%ﬁfairié?@rﬁitlﬂfbslié’c@% b shoef. Theld)BtefiChtbo HRMBRY hd? from a |
engages around the iron core 911' and is axially guided by said iron
core. The REgRMaticopuRes ingpa hydeadispympet ween- the iron core 911' and the
per mmnent magnet ‘91' or the iron ring 912'. Said coil former is

‘gui ded without contact in the 30 pernmanent nmagnet 91' and in the iron
ring $02' Theedigghrigo d#y illuftmedvbera dhag aicire®lan duthing, tinudidshragre hading laterally

former 92 pr(l)tgu 1&(3', \%dggqltlﬁ)’n ThcrECaL three wings 140’ here. The base plate 10°, which in turn |

may be part of a vacuum pump housing has lateral stops 110° between which said wings

140” are held. As a result, the diaphragm 14’ can be held in an unambiguous position in the



21 a piston for the linear drive of the vacuum di aphragm 94'. The
punp chanber is provided with the reference nunber 96', the valve

pl at e wi t RCGhe reference nunber 95 and the cover with the reference
nunber 99'. The port opening has the reference number 990" and the
air inlet opening has the reference ndfber 992' .  Also here, there is
again a position sensor, 5 which indicates the position of the coil

former 92chdneberty. Thist facilifates @RS 1Said Hitths icheaRb Gk iséd i 1o eabBdimenizd
position of the vacuum di aphragm 94’ , respectively, to a controller
in order fescEbsf WEh refsransede figwestre i ght source i's denoted here by
the reference nunber 97', the detector by 98, and the position scale
by 920'. The position scale is preferably of a transparent design. In
contrast flbe embodimeni daseriteddnys ie a separate diaplyegm Ipamp, fefermdtahepeds a pump
out sidg 10 e-feaion of the permanent., magnet 91... The two ,.vacuum ..
urms. Hes P Sodnt i bpgnel 4 BTREARE B 35 ol 5y e RS 48 2, Fheys
‘In known W@rieasby fhi¢rgusap dtie® oh $hel asBay thef @tli@Xgrohhing PreSyifel iaihe Vatuum
‘whi ch the suction line between the vacuum punp and breast shield is
separate fiPdAfthe flow of milk. The el enents of the above-described

enbodi nents- can be conbined with one another individually or in

groups in order to formfurther embodi ments. PCT 1 10- vacuumPurrp
housi ng 23h¢ceferdd’ bECVENETISANGS” and Wl der Be fitg'and second lines 2, 6 and for the

10  milk collecting container 7, respectivel}'r. However, the second port 131° i prefera;bly also
provided with a nonreturm valve 5 here. The connection to the counterplate, which in turn
may be part of a pump housing 10, preferably takes place via snap-in or serew connections,
wherein the corresponding holes are provided with the designations 132° and 111 in Figure

12.

15 '
The pump unit 9 according to the invention can now be readily seen in Figure 14. It has .a '
housing 90, which is preferably manufactured from metal or plastic. The housing 90

- preferably has a.'cuboidal design. A flat iron core 911 and a permanent magnet 91 attached

to the lafrtér are arranged on one side of the housing 90. The iron core 911 rests uﬁon the

20 housing 90 such that the permanent magnet 91 is in a recess of the housiné. The permanent
magnet 91 consis".ts of two p'arts, which are sﬁaced from one another sﬁch that there is a

recess 910 between both parts.

There is an identical construction on an opposite side of the housing available again. An

25  iron core 911 and a permanent magnet 91 attached to the latter are also arranged here.

A flat coil former 92 vnth a coil 921 woﬁnd around the coil former 92 runs between said
two mutually opposite pairs of permanent ma;gnets 91. The coil former 92 is of
substantially rod-shaped or plate-shaped design. At one end, it is held in a fixed position in
30 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 relative to the permanent
magnet 91 along the longitudinal axis of the housing 90. For this purpose, the housing 90

has a plain bearing 900. The movement of the cb_il former 92 is illustrated by a double
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arrow in Figure 14.

The other end of the éoil former 92 is connected fixedly to a diaphragm, referred to here as
the {/acuum diaphragm 94. The vacuum diaphragm 94 bears against the housing_ 90 on the .
end side thereof and is clamped securely between the housing 90 and a valve plate 95. The
diaphragm 94 separates a pump chamber 96 from the coil former 92. The vacuum
diaphragm 94 preferably has a circular outline, it preferably having a shape custbmary for
diaphragms of diaphragm vacuum pumps. The valve plate 95 is held between the housing
90 and a cover 99. Said three parts are preferably connected; for example screwed, tightly
to one another in a detachable or nondetachable manner. The corresponding holes are
provided with the reference number 991 in 'the cover 99. The cover 99 has a port opening
990 for the vacuum line 12°, which is connected to the pump chamber 96. An air inlet
6penjng 992 in the cover 99 likewise connects the environment to the pump chambér 96
via the valve plate 95, The valve plate 95 has the valves, inlets, and outlets customary for

diaphragm vacuum pumps. These are not described in detail here.

f an alternating electric cusrent flows through the coil, the electromagnetic field changes
“and the coil former 92 moves relative to the permanent magnet 91. The coil former 92 acts
like a piston or ram and moves the vacuum diaphragm 94 cyclically to and fro. In this case,

the force acting on the vacuum diaphragm 94 is proportional to a current applied to the

coil. By means of the movement of the vacuum diaphragm 94, a cyclically changing

vacuum is built up in the pump chamber 96. Said changes in pressure are passed on via the

vacuum line 12’ to the chamber 8 where the diaphragm 14’ is moved analogously.

The vacuum diaphragm 94 of the pump unit 9 is therefore driven via a linear movement
that is generated electromagnetically. It is-advantageous that, in comparison to the rotating
drives that are otherwise customary, the movement is quieter and fewer vibrations and
structure-borne sound are generated. In contrast to the prior art, the strokg 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 controlied in a specific manner, the

displacement and the position of the coil former 92 is monitored, respectively. Position
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and/or movement sc_ensors.are used for this purpose. In this example, this takes place by
means of an optical sensor, which detects a position scale. The position scale 920 is
preferably provided on the coil former 92. A light source 97 sends its light perpendicularty
to the longitudinal direction of the coil former 92 to an opposite &etector 98, said light
passing through the position scale 920."['119,_ coil former is transparent is said region. The
light source 97 and the detector 98 are preferably arranged in the recesses 91'0 of the
permanent magnet 91. Other types of position measurement are possible. The measured
signal is sent to an electronic controller of the vacuum pump and the current is applied to
the coil according to said signal. As a result, the position, the deflection amiplitude, and the
frequency can be controlled independently of one another. Vacuum values of 0°to 300
mmHg are customarily obtained. The frequencies are customaﬂly 0 to 150 cycles per

minute.

As an alternaﬁv_e, inéteéd of the guide bearing 93, there may also be a second diaphragm,
which is of similar or identical désign to the vacuum diaphragm 94. This results in a
symmetrical construction, which likewise ensures guidance and therefore a linear
movement of the coil former 92. within the housing 90. In addition, the second diaphrzigin

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

Figure 15 shows a further embodiment of a vacuum pump with an electromagnetically
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 annular or cyﬁndrical
design, respectlvely A housing 90’ is also present here. The permanent magnet 91” is held
at the rear end of the moving coil remote from the breast shield. Said permanent magnet is
passed by an iron core 9117, Wh.lch is in contact to the permanent magnet 91 " onafirstend
side thereof. Against the opposite end side of the permanent magnet 91° bears an iron ring
912°. The coil former 92° engages around the iron core 911° and is axially'guided by said
iron core. The coil former 92’ extends between the iron cbre 911° and the permanent
magnet 91° or the iron ﬁng 912°. Said coil former is guided without contact in the
permanent magnet 91’ and in the iron ring 912°, respectiveiy. The wound coil 921°

surroinds the coil former 92° in this region.

The coil former 927 is also fixedly connected here to the vacuum diaphragm 94 and acts as
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a piston for fhe linear drive of the vacuum diaphragm 94°. The pump chamber is provided
with the reference number 96°, the valve ;Slate with the reference number 95° and the cover
with the reference number 99°. The port opening has the reference number 990 and the air

inlet opening has the reference number 992°, Also here, there is again a position se;_isor,

which indicates the ﬁosition of the coil former 92° relative to the magnet 91°, and therefore

.the movement and position of the vacuum diaphragm 94°, respectively, to a controller in

order to control the vacuum, The light source is denoted here by the referencé number 97 ’-,
the detector bj 98’, and the po.sition scale By 920°. The position scale is preferably of a
transparent design. In contrast to the previous example, said sensor here is arrangéd outside’

the region of the permanent magnét 91°.

The two vacuum pumps described with reference to Figures 12 to 15 can also be used in
known breast pumps. That is to say, for example, in systems in which the suction line

between the vacuum pump and breast shield is separate from the flow of milk.

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

individually or in groups in order to form further embodiments.
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24 PATENT IMS 1. A device for expressing human breast mlk, .
wherein t K& ldevi ce has a breast shield 5 (4) for bearing against a
not her's breast, a vacuum punp (1, 9,7 9') for generating a vacuum a
line (2) .which connects the vacuum purd (1,- 9, 9') to the breast"
shield (4) and is intended for transmtting the vacuum generated to-
the breast shield (4), and a chanber (133, 112; 8), the line (2)

ending on the punp side in a firgt 130') of said chanber
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2. The device as claimed in claim 1, wherein there is a partition wall (14, 14’), which
separates the chamber (133,112; 8) into a drive-side region (112, 80) and a breast-
shield-side region (133, 81), and wherein the first and the second port (130, 130°,

20 131? 131%) are érranged in the breast-shield-side region.(133, 81)..

3. The device as claimed in claim 2, wherein the partition wall (14, 14°) is a diaphragm,
wherein the diaphragm (14, 14") is driven and is designed for conveying the
expressed milk. |

25 |

- 4. The device as claimed in claim 3, wherein the vacuum pump (1) is a diaphragm-
pump, the chamber.(133, 112) is a pump chamber of the vacuum pump (1), and the
diaphragm (14”) divides the chamber (133, 112) into thé two regions mentioned..

30 5. The device as claimed in either of claims3 and 4, wherein the drive of the
diaphragm (14) serves simultaneously to generate the vacuum in the pump chamber

(133, 112) and to convey the flow of milk.
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nmother's breast and for t OW ng awa e expresse east
m | k, wherei n préndddduwiikla qoedyayi walef (Sowhich Ipesvietits eudked i ofhmiilk afront Hlewing

cxtondi ng oversskBEh AT elRTpIIAS orkt e (DR R R 80T,

first 16peni ng angle (al) of the passage . (43), and a breast-side end
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one o <1 st PG Ry eyt R Bk o B Sl
and i $5i nt endedsshge (433swhinly extgadsnntizuonsy ien & beasatde, endherted fnbélgd2)
e 112) 1 g8 S e o et 30 TS
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( 4) PCT. of the expressed breast milk, wherein the funnel (42) is of more ﬂexibie design than
the connector (40), wﬁerein_ the funnel (42) has a main région (420} extending over ;‘
20 substantial part of the length thereof with a first openjﬁg angle (o)) of the: passage
. {43), and a breast-side end region (421) with a second opening angle (o) of the

passage (43), and wherein, when not in use, the first opening angle (a;) is smaller

thag the second opening angle (), and wherein, in the use state, at least the first

opening angle (o)) can be enlarged by axial pressure on the breast shield (4).

25
10. The devic;e as claimed in one of clﬁims 1 to 9, wherein the breast shield (4) has a
| tubular connecter (40) and a funnel (42) that is integrally formed thereon and is
intended for resting against a mother’s breast, wherein the funnel (42) has a breast-
side diari’_leter (D) of 5 mm to 40 mm and a length (L) of 10 mm to 40 mm, such that,
30 - in the use state, the nipple, and at maximum the areola, is surrounded by the breast

shield (4).

11. The device as claimed in one of claims 1 to- 10, wherein the breast shield (4) is
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112; 8) via a furthemopy has mils Dﬂﬁe@léi) fmipeddiicing )a, comnebtion po @saik colideking

bei ng col | ect t | k, .25 I | ect .
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-and wherein, At Q}.%ﬂﬂﬁgi é@ gesrg %qé eration, . the mlk is conduct ed

furthas fromthe chanber, (133 112; 8) into the mlk collecting

cont ai ner 30 15. ' The nethod as claimed in claim 14, wherein
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generatmg the vacuum and the dlaphragm (14) is the diaphragm used for generating

the vacuum.
20

14. A method fcr operating a device for expressing human breast mﬂk a vacuum being
generated in a breast shield (4) by means of a vacuum pump (1, 9, 9 ), the vacuum
generated being conducted from a chamber (133, 112; 8) via a hnc 2 to the breast
shield (4), and expressed milk being collected via the breast shield (4) in a milk
25 collecting container (7), wherein, during the expfessing operation, the same line (2),
- which is-used for transmitting the vacuum, conducts the milk expressed in the breast
'shielfi (4) to the chamber (1,__33, 11.2; 8), and wherein, during the expressing
operation, the milk is conducted further from the chamber (133, 112; 8) into the milk
collecting container (7). '

30 |
15. * The method as claimed in claim 14, wherein use is made of a nonreturn valve (5),
Which, when there is sufficient pressure in the chajnber (133, 112; 8), creates a

connection between the chamber (133, 112; 8) and the milk collecting container (7.



