WO 2013/ 013725PCT/ EP2011/ 063036 1 A di aphragm punp for dosing a fluid
and an according 5 nethod Technical field of the invention 10 The present

i nvent i onwoebs@s7260 a di aphragm punp, in particul ar forcusr2@s/ssodet er gent
dosage punp, and an accordi ng net hod. 1Background of the invention 15

D aphragm and pi ston punps are used to supply netered quantities of |iquids
with various properties. Depending on the field of application, the punp
behavi our is subject to various requirenents in order to ensure that 20 the
delivered quantity of the netered nediumis as precise as possible and
remai ns constant for as |ong as possible. D aphragm punps are common

i ndustrial punps that use 25 positive displacenent to nove |iquids. These
devices typically include a single diaphragmand chanber, as well as

di scharge check valves to prevent back-flow. Pistons are either couekfd to

the di aphragm of ' eRBHAED FoFEe hdr &t Di P t bl ¢t vérche®i
D aphragmspupRs @€ 30 normal ly highly reliable because they do not include
internal parts that rub agai nst each other. D aphragm

Technical field of the invention

10 The present invention relates to a diaphragm pump, in
particular for use as a detergent dosage pump, and an

according method.

Background of the invention
15
Diaphragm and piston pumps are used to supply metered
quantities of liquids with various properties. Depending
on the field of application, the pump behaviour 1is
subject to wvarious requirements in order to ensure that
20 the delivered quantity of the metered medium is as
precise as possible and remains constant for as long as

possible.

Diaphragm pumps are common industrial pumps that use
25 positive displacement to move liquids. These devices
typically include a single diaphragm and chamber, as well
as discharge check wvalves to prevent back-flow. Pistons
are either coupled to the diaphragm or used to force
hydraulic oil to drive the diaphragm. Diaphragm pumps are
30 normally highly reliable because they do not include
internal parts that rub against each other. Diaphragm

pumps can handle a range of media that includes abrasive



punps can handl e a range of nedia that includes abrasive WO

2013/ 013725PCT/ EP2011/ 063036 2 materials, acids, chemcals, or the |like
since thewdnowaiarans is normally conpl etely separated Pcompkyidnesosé c part
of the punp. Since diaphragm punps cad deliver small volunmes of fluid with
t he maxi num di scharge, they are 5 especially suitable as dosage punps.

Anot her reason for using di aphragm punps as dosage punps is that these
punps have two strokes, i.e. an aspiration stroke in which the mediumis

aspirated frémte&riedenvaATIAD aHtE™ Colpr e35i Bhc st i 6Re sénCheltiheerdyr iSte oke
where delive fotk med] e er i | ace.
Eiaphragn1pu%%§'sn03§ ﬁ§%§%§9§¥tﬂﬁﬁgﬁéﬁgﬁhcgggggﬁggge gﬁ%%i%ﬁ“%ﬁ%@%‘%alves
as well as dipscharge ttiregkimgal Be rntce prieyénta dragkadfdsowanlhiese vereanala

val ves are usually spring _bi.ased and are opened and cl osed by the pressure
difforence of HHEERed? tmitd Be Bhnbed CTHESCHEER JHINEE R nERRYI 7 onl y

operated By thediifherentiialaiiessui® ey heiddsui d. This conpression spring
exerts a conparatively low spring force in order 20 to ensure that the
check val ve can easily be opened. This applies in particular to the check

val ve on the ion side of_the — i er t ne Q
i ncrease theéﬁﬁﬁﬁ%&fﬁ%ﬁ%%%yﬁﬁg %?H%?a%h?%%ﬁ$§%n%%%pgnég?g%%ﬁﬁgoigmﬁﬁb
dosi ng capabiils tires: ofh«hkapbimgm pavpstwbdt sitgokber efiore am obyjrectatofort he

present invention to prqvide an inproved di aphragm punp which offers an 30
i ncreased costtTEME cifer®y: Cl urthePeit YR s 8edrPabPéto LrRBY dase IHe Udsi ng

capabi litjhes ofy the diaRhFaom PUMPst r N 2043/ 043729BCY/ ERZQ1 063036 <3

delivery of the metered medium e. g. into a metered line
takes place. Diaphragm pumps known 1in the art for
instance comprise suction check wvalves as well as
discharge check wvalve to prevent back-flow. These check
15 valves are usually spring biased and are opened and
closed by the pressure difference of the medium to be
pumped. The check valves are normally only operated by
the differential pressure of the fluid. This compression
spring exerts a comparatively low spring force in order
20 to ensure that the check valve can easily be opened. This
applies in particular to the check wvalve on the suction

side of the pump.

There is a permanent need to increase the cost efficiency
25 of diaphragm pumps, and to improve the dosing

capabilities of diaphragm pumps.

It is therefore an object of the present invention to
provide an improved diaphragm pump which offers an
30 increased cost efficiency, further it is desirable to

increase the dosing capabilities of the diaphragm pump.



SUMVERY OF THE | NVENTI ON Thi s object is solved by nmeans of a di aphragm punp
for dosing fluids, in particular for use as a detergent 5 dosage punp,
havi ng t wofzestmusms of claim 1 and by means of a nethodptorErdasionysa fl uid
having the features of claim9. PrefeBred enbodi nents, additional details,
features, characteristics and advantages of the object of the invention of
sai d di aphragm punp and said nethod are 10 disclosed in the subclains. In a
general aspect of the invention the diaphragm punp, in particular for use
as a det er ge®UMBSAgOFp Ty, ROMNLIEES a punp housing with at |east a first
check 15 valve and a second check valve, a fluid chanber, a di aphragm
defining a wall of the fluid chanber and reciprocatingly novable, driving
means W th a Tdrisviaig esdiaf i sf o lrvedi procatang sdi ¢ dil bgpbitagem aucpntioal

unit, wherein the driving nmeans is connected to the diaphragm 20 by an
eccentric an§QE¥%%|ﬁgH} fher &F n RHe- dr V4 hg TrEan¥SFs %gnﬁ?ggkgﬁﬁgé%¥

gearl ess dri ve @ digi@ed,| nd Gl Pracat e 4 her-di aphr aga nThe .punpiyn e eusi ng
may accommodate a fluid chanber, a 25 diaphragmand at |east a first check
val ve and a sécondrehéek Vawedoghedgeian heuidr sevéheckihal feafayeal Idw a

fluid to flow,into the f h e [ |l e rin suctl cycl e of
t he diaphrag%?ﬁﬁ%b,sgnd %%%9%%%%%3 %ﬁ%%§£$§ﬁ§gPna?gﬁﬁké%ﬁgﬁe f%ﬁ%ﬁjfh | eave
the fluid 30 fehaners, foorarexarplie tduls rgda sdesage oeyclog athd ey jdicaphrfagm
punp, preventing the fluid flowi ng back into the fluid chanber after being

expel I ed from™he T1%0 d-OWS 20931 0 13728PETIEPRBAR/ 669036 14 CIvariver 2Tfhe

di aphr agm,punp sr8y, e qpt itHzed farLself primng. A control unit is
provi ded for controlling the operation of the diaphragm punp, in particular

for

In a general aspect of the invention the diaphragm pump,
in particular for use as a detergent dosage pump,
comprises a pump housing with at least a first check
15 valve and a second check wvalve, a fluid chamber, a
diaphragm defining a wall of the fluid chamber and
reciprocatingly movable, driving means with a driving
shaft for reciprocating said diaphragm, a control unit,
wherein the driving means is connected to the diaphragm
200 by an eccentric and a con rod, wherein the driving means
is configured as a gearless drive to directly reciprocate

the diaphragm.

The pumping housing may accommodate a fluid chamber, a

25 diaphragm and at least a first check valve and a second
check valve, wherein he first check valve may allow a
fluid to flow into the fluid chamber, for example during
a suction cycle of the diaphragm pump, and the second
check valve may allow the fluid to leave the fluid

30 chamber, for example during a dosage cycle of the
diaphragm pump, preventing the fluid flowing back into
the fluid chamber after being expelled from the fluid



controlling a driving neans, for exanple the driving 5 speed of the driving
means. The driving speed of the driving neans is a rotational speed which
may be neweunsdiBTesrevol utions per mnute, rpm The dri PCHEPREANE306ONPI i SES
a driving shaft, wherein the driving shaft is rotating at the rotationa
speed of the driving neans. 10 The driving neans is connected to an
eccentric, wherein the eccentric is connected to a basically rigid con rod.
The con rod is connected, for exanple elastically, to the diaphragm so that
t he rot ati on&hambeare (it cofd e radly iV omEas Lan @i mifecedeentssild may be
transferred into. 5 basi ly tr.ansl ati |, rec i my.e t of the
con rod for g&?ﬁ%’da?i%%n%%gldﬁgﬁﬁrggnlI?ﬁgd&d:gkgggﬁﬁﬁﬁggﬁé ag?%hlly
rigid apart fopemaa ifdnexitbltéedicdpiphagre ggend, n ior gerr tticudbtraifora pressure

i ndependent di spl acenent of the fluid. The driving _neans for reciprocating
t he 20 diaphﬁ%ﬁ%ﬁéﬁiﬁ%ﬁF@ﬁV&H%ﬁ%Fﬁ%ﬁ“ﬁ gé&dr HIRIYEarbEx €<y % form of a
gear| ess dri \edOh i @GIPIRGaLINY rihe di aphr agmdineeldae dh thke speed of
the driving neans, the driving speed. The driving neans is configured
transmi ssi onldesy iay aedinsedts dr ingd &t oprederspegddmivieht e Y2 5 ed ingpisagat
directly. The di r ccarding th r ] ion has a few
advant ages ogé}rggeﬁgggkggb F%i%gnggﬁ?hgggkaﬁgﬁb%ﬁﬁﬁénngg or exanpl e,

om tting the gearhiexsenrablres itrlye s3Q Amnuihactedm ngecostisriofy tshe fdi daphr agm
punp to be significantly | owered, hence increasing the cost efficiency of
the di aphr agrh pdig9Fart Héensiod, ttll%la1%%93%@%?5%#/@@@0@98@@3036 5

gearl ess gri ve J edUcas | LRSI S QR Rsses) thus i RCIeasing. t hg Lidiici ency
of the diaphragm punp. A further advantage is that w thout a gearbox the
noi se of t he tdicapcagrmpuny semicnned: teur ity 2o persatdadn ymayt diel Bonedwchd.
Furt her, mﬁ;@gyt thergg r.nox the %pdur ce of tq§ di.aphr.

a pu can be
i ncreased, |ncféé§¥hg t ésréfpgﬁQiepv %%Ii € dFa F&&%Hﬁﬁ%?lenofhgpe

advant age of dih@nirpmowed ttizaphagmopwnm ons 1t Ratydmendi actdhy didiviing t he
di aphragm by the driving neans w thout gearbox, the 10 drjving nmeans is

enabl ed to dFi9pE st A& HiCpI &y RATsre Tdyndmvc &9 - RESCETNRST ovithy 2 he dosi ng
capabi | i ik es 10 1-n8 14 apRr-AgMAWIR1 'r%c%’b%@%rti%@b?nl%'xﬂé‘ﬁfé%ﬁo%ﬂ g d Rygntion
the driving neans 157is a stepper notor, in particular a hybrid stepper
nmot or. The streppéeio muoteari pray alie nde sihgned aipm rfagmm dhea ddregpdhlages may be

basically rigid apart from a flexible diaphragm-edge in

order to obtain a pressure independent displacement of

the fluid. The driving means for reciprocating the

20 diaphragm is configured without a gearbox, gearboxless,

in form of a gearless drive, for reciprocating the

diaphragm directly with the speed of the driving means,

the driving speed. The driving means is configured

transmissionless as a direct drive in order to drive the

25 diaphragm directly.

The diaphragm pump according to the present invention has
a few advantages over devices according to the state of
the art. For example, omitting the gearbox enables the

30 manufacturing costs of the diaphragm pump to be
significantly lowered, hence increasing the cost

efficiency of the diaphragm pump. Furthermore, the



electric notor that can divide a full rotation into a |arge nunber of

steps. The stepper notor conprises a driving shaft and the positioning of

t he driviwg 2ef8zf187220 may be controll ed precisely. A hybPca/Ert@ppeso3erot or
conbi nes the principles of a permanent magnet notor and a variabl e
reluctance notor, providing a basically constant high torque and enabling a
nodul ation of the driving speed with high dynam cs. The nodul ation with
hi gh 25 dynam cs nmeans a nodul ati on, wherein the desired change in the
driving speedsias l@ssc (irad ss wislIae swittrieesiigel gy, 1Pse st épper notor or the
hybri d stepper r. e tr.all y e ral _uni enabling a
preci se posi?98%%%§1853¥ﬁ% éﬁggﬁﬁé%ﬁﬁixoghtﬁ?@ﬁﬁ%@%§%ﬂ€§%U§%° %D

2013/ 013725PCET/EP2G1 HG3Q 366 itshechdrti wiirtgpomeans .geBdoec tért micd sray fhe
attached to the driving by positive fitting and/or firmy bonded to the
4riving shaf (hopy 2N E e CHEAEr (45 20 Po CRIAF Ad Theadr PR ng shaft of
the stepper mM@RIced.t Fus-tPRSS Rli® Ho D ol 1ydh® e amRox rang didev e it he

di aphragmdirectly with the driving neans. Further the stepping notor

al | ows a pr edihse cdamtyrelorofouitve cRpy &fenncatfeasigsl, dilapmeagmnd é¢heexanpl e by a
nodul at ed dri vi [ fur r. increases t oSl bildties of
t he diaphrag%ﬁﬁgg%ﬁﬁgggqﬁﬁgt%%%fiaéﬁ%%ﬂiy'ng ér?%ﬁngﬁ%bgﬁﬁgﬁﬁ%' fﬁ%

i nvention a deteedtmprowid disghrenindethnfoor sdethedt ibyg ddireangwl alripdsict i on of
the driving neans and/or the eccentric. The detector unit nmay detect an
angul ar posi tih6n SGRPREITS Pt iWien g reiVaftd Feafive YarinPUg IFEanS* /f S exanpl e
the hybrig stepriing MAEs ithedehect o Wity defiech anrahselut e angul ar
position of the driving nmeans, for exanple using a giant magneto resistance
angul ar sensotynafrgicaéxdanpleaashemptrios 1dvd viheg desdny icsipedtl 1dgerat iofg, 20
and/ or the d%ﬁFC%ﬁf ggjt may detect a change in an angul ar position of the
driving neans, S 5%? "¢ & e driving shaft, for exanple when the
driving neans is operating. The detector unit may be connected to the
control unit in order to send a position signal and/or a 25 position change
signal to thélcEROTHICTURMPCOOTRICE thad (he ddvaRtage et R Eenfedsuni t
may al tenor qodulate Jde o g Speed of, bhe i g Tealpe.l hRanti cul ar
of the hy rlé'stepper not or, depending on the position of for exanple the
drivi ng shaf {Thanditepdcre mecoentaiye bshidets iighied in form of a brushless,

electric motor that can divide a full rotation into a
large number of steps. The stepper motor comprises a
driving shaft and the positioning of the driving shaft

200 may be controlled precisely. A hybrid stepper motor
combines the principles of a permanent magnet motor and a
variable reluctance motor, providing a basically constant
high torque and enabling a modulation of the driving
speed with high dynamics. The modulation with high

25 dynamics means a modulation, wherein the desired change
in the driving speed is executed swiftly without delay.
The stepper motor or the hybrid stepper motor may be
controlled by the control unit, enabling a precise
positioning of the diaphragm with high dynamics.

30
In another preferred embodiment of the invention the

eccentric is directly attached to the driving shaft of



30 attached to the driving shaft. WO 2013/013725PCT/ EP2011/ 063036 7
Furthernore, in a preferred enbodi nent of the invention the detector unit
conpri seswanoiasmat i ng nmeans connectabl e to the drivi ngcmEzes 1abser t he
eccentric and sensor for detecting the indicating neans. The indicating 5
means may be connected to the driving shaft, wherein the sensor, for
exanpl e an optical sensor, may be | ocated separately. The indicating neans
may correspond to a full dosing cycle and/or a full suction cycle, thus

al | ow for dettéét idigWRe pesinG-of hef aserdiraish M&gmPac édrtdichgt ¢t kée10
dosi ng and/ or i 8. .l four. r._preferd. ient. of .t he

i nvention théiiﬁﬁ%%g?Pﬁéﬁﬁggﬁg%iglg%fe I§%¥V$€‘$E?§g§£?§€¥%ﬁbgg g#eat | east
a part of therperirphetalftar @y andeahiad ate siddendfritb dihedrliwitrg theans
and/or the eccentric. The indicating neans nmay be attached, for exanple at
The Tace i QG 08 e i v g ‘D SR of R acCartsy RS SHHES i cart ng

neans maysbe g ifefdreCljore ok faaee @i vaUthac e iGallag Jiefecexanpliera |ight
reflecting paint, suitable to reflect 20 light which may be emtted by the
sensor of théhdetdedtvemnaumieansThe tridiedattingg sisdrs Ny cie ] gddced én at

| east a part of t. i ral rf f th I Vi ft _an r the
eccentric. T 3*¥Hg§%§§¥ﬁgﬂﬁngﬁé§%§y%gﬁF%ﬁﬁﬁagﬁﬁﬁjﬁ%Bgéigﬁﬁtheq%g}iphera|
surface of th&atidle ny 25 mehaflta tand/cor vecee ripdee,, whergi murhédmdi cat i ng

means is allocated to a defined positiaon of the diaphragm for exanple the
suction cycl éP&RGRGE St K& SdG9iSHg S yePe P il t&st icddultare &1PenT agds g Ceycl e
and/or afull suction cycle. For exanple an indicating nmeans nmay extend
about 30 180 on the peripheral surface of the eccentric and be allocated to
t he dosi ng cyel @ batrdrigivd atrhe ettiede ralsoutert®0liaratnotf pihevildedniiicn an
i ndi cating means, enabl i.ng . WD 201%{01 725PCT/ EP2011/ 063036
elector unit? 1s provided Tor detectling ah ahgular
position of the driving means and/or the eccentric. The
detector unit may detect an angular position of the
15 driving shaft of the driving means, for example the
hybrid stepping motor. The detector unit may detect an
absolute angular position of the driving means, for
example using a giant magneto resistance angular sensor,
for example when the driving means is not operating,
20 and/or the detector unit may detect a change in an
angular position of the driving means, in particular the
driving shaft, for example when the driving means is
operating. The detector unit may be connected to the
control unit in order to send a position signal and/or a
25 position change signal to the control unit. This has the
advantage that the control unit may alter or modulate the
driving speed of the driving means, in particular of the
hybrid stepper motor, depending on the position of for

example the driving shaft and/or the eccentric which is

30 attached to the driving shaft.



8 the detection whether a dosing or suction cycle is active. There may be
separate and by the sensor separable indicating neans for both the dosing
cycl e andwohe1sust2son cycle. The indicating nmeans may alpso/Epeoiattamshed 5 on
a face side of the driving neans and/@r the eccentric and/or the driving
shaft, for exanple in the shape of a sem circle, corresponding to the
dosing cycle or the suction cycle. 10 In a further preferred enbodi nent of
the invention the sensor is integrated into the control unit. The sensor,

in particul afugivhepticdsl, sénsoPrafgy sel igiegriared iof ttda HEVesHicd! uni t
of the di aphr.agm + for a rrangi r.on acircuit
board of thet%%hfg%%ngrU#Pt£ ?ﬁ%§12§§%|§§-gnggé%ngf#iﬁﬁgﬁf producti on of
t he det ect or asmintectiai lpartic dcileardrdfvithe reemsorand/wra threefeerdeed re b adidrent
of the invention the con rod i.s directly attached to the diaphr.agm

preferably by 3580 BoIt &8 \eorinedt itof. e ditaphr dgmivay "Conpriceé a4 109

connect or sf o GERNEGH G herdiarlr agmt@ the wery redrtwherrir ithehe
connector nmay be arranged on a side of the diaphragm facing away fromthe

f1ui d chanberscasdrwhéogi rxee leonme OFdil Grdy seowsirst Mgty keadtogsdred al |y of
an elastic 2 rial r ttac t i ap min
order to inc?ﬁ%%%%¥ﬁg&?ig?%ﬁgggggg%ﬁémg?%fﬁghgﬁ%ﬁ&gggpg éﬁ%ﬁt% %0&@3% for
exanpl e transwistined dfycdm tahel /ean ar dd,1 10serc td dnarge 1ar, eahofs tahe odi ajphr agm
so that the detecting the position of the diaphragm according to the

10 dosing and/or suction cycle.

In a further preferred embodiment of the invention the
indicating means 1s a reflective surface arranged on at
least a part of the peripheral area and/or a face side of

15 the driving means and/or the eccentric. The indicating
means may be attached, for example at the face side, to
the driving shaft and/or the eccentric. The indicating
means may be a reflective surface or surface coating, for
example a light reflecting paint, suitable to reflect

200 light which may be emitted by the sensor of the detector
unit. The indicating means may be located on at least a
part of the peripheral surface of the driving shaft
and/or the eccentric. The indicating means may extend
about 180° along the peripheral surface of the driving

25 shaft and/or eccentric, wherein the indicating means is
allocated to a defined position of the diaphragm, for
example the suction cycle and/or the dosing cycle, in
particular a full dosing cycle and/or a full suction
cycle. For example an indicating means may extend about

30 180° on the peripheral surface of the eccentric and be
allocated to the dosing cycle, wherein the other about

180° are not provided with an indicating means, enabling



stress inside the diaphragmis reduced. The con rod may 30 be bolted onto
t he di aphragm and/ or the connector enabling a coupling, in particular a

f | exi bl e wouepismgi2sof the di aphragmw th the con rod. TirCcI/EPesilgosoenabl es
WO 2013/ 013725PCT/ EP2011/ 063036 9 thes8reliable transm ssion of power from
the driving neans, in particular the con rod, to the diaphragm when the
di aphragm punp is in use. 5 A further aspect of the present invention is a
met hod for dosing a fluid, conprising the steps of providing a di aphragm
punp accor di fgiet dledyE tgont meedhairng Hasg g, ost &dtigna cdesiend scycl e by
dosing at le part of the fJwuid_nsi of__th | wi d er, rting a
suction 10 c%%ttel%ﬁre grraeb?“fi)a teerseg)t%rgztgstanga(r% I)}:%(?oss%n%%rg;}heseﬁji%hri%&lerhe
di aphr agm punmdiay tstnar tmewintsh feirt lertha tthes idag icycloyadre ansudthieon cycl e on
power up. In a dasing cycle for exanple the fluid inside the fluid chanber
is expelled F5SHAou Do 0P % 1SE GiTd "Ch R \?’alls\?etbler ﬁﬁ‘nttaﬁglefji ui d

chanber by a oS ng v of Hhe dhaphy agmnsDuHdNS t ke desidg teyd e at
| east a part of the fluid inside the fluid chanber is expelled and/or

dosed. An at anglstr pavet idalivi nemsthye I, uife re Isamberl endyy, ther sée@meplod after a
20 dosing cycl e,. fille rtd. Suycti in_order.,to suck
fluid into t%ee?rﬁ %ﬁgd&ﬁén%@?%%&%&gﬁ#%o%%%&ﬁp%&Stc%l %i}rcsqte c(:)%ec hevaI ve,
wherei n t he divapghoagmyaees outwards thus increasing the volune of the
fluid chanber. The dosing cycle and suction cycle nay be 25 repeated over
and agai n depending on the amount of fluid to be dosed. The net hod of

dosing ahl uirg W teh @ 1A ApHAIPRWTR ACHARINRY S0 thhe jiventien dpas the
advant age that due to the sinplified construction of the punp the cost

ef ficiency i sasoredsedntgrehed ithe Wéat B0 tdiodsiypdtti.of hreay e areduced
and by drivi ng t he .di aplhr agm directl the control of. the di hr.agrpO

. . rtic r an tic 1YB nsor,. may be intedgr f@% 1
novenent is imMpfroved,” thus S nprovig the S¢dgi AgYcadabi i Eiés.
the control unit of the diaphragm pump, for example by
arranging the sensor on a circuit board of the control
15 unit. This enables a cost efficient production of the

detector unit, in particular of the sensor.

In a preferred embodiment of the invention the con rod is
directly attached to the diaphragm, preferably by a
20 bolted connection. The diaphragm may comprise a connector
for connecting the diaphragm to the con rod, wherein the
connector may be arranged on a side of the diaphragm
facing away from the fluid chamber and wherein the
connector may consist at least partially of an elastic
25 material. The connector may be attached to the diaphragm
in order to increase the rigidity of the diaphragm by
spreading a force, for example transmitted from the con
rod, over a large area of the diaphragm, so that the
stress inside the diaphragm is reduced. The con rod may
30 be Dbolted onto the diaphragm and/or the connector
enabling a coupling, in particular a flexible coupling,

of the diaphragm with the con rod. This design enables



WO 2013/ 013725PCT/ EP2011/ 063036 10 In a preferred enbodi nent of the nethod
an angul ar position of the driving neans and/or the eccentric is detected,
t he di aphwegm3sa3tmved to a defined position, 5 for exampira&peéie/obsgé nni ng
of the dosing cycle, optionally after9conpleting a suction cycle for
filling the fluid chanber. An angular position of the driving nmeans, in
particular the driving shaft for exanple of a hybrid stepper notor, and/or
an eccentric may be detected by a 10 detector unit, conprising an

i ndi cati ng méd®s &RdlalsénsbranpRipaitincuPar BeWept i £adm serisor draAving

I ndi cating nmgans, desig %%Pc&fa’(f e&?%’”@o o Lhe g85‘t%% exucl e F’rwkfe*he
suction cycle, for exanplein formof a face §ide nounted half-¢ircle
shaped r ef | edthievel isgifrace @unforisl5rexanrpl e the eccentric, for exanple
corresponding to the
5 A further aspect of the present invention is a method for
dosing a fluid, comprising the steps of providing a
diaphragm pump according to any of the claims 1 to 8,
starting a dosing cycle by dosing at least part of the

fluid inside of the fluid chamber, starting a suction

10 cycle, preferably after at least partly dosing the fluid.

The diaphragm pump may start with either a dosing cycle
or a suction cycle on power up. In a dosing cycle for
example the fluid inside the fluid chamber is expelled

15 through the for example second check valve from the fluid
chamber by a dosing movement of the diaphragm. During the
dosing cycle at least a part of the fluid inside the
fluid chamber is expelled and/or dosed. An at least
partially empty fluid chamber may, for example after a

20 dosing cycle, be filled by starting a suction cycle in
order to suck fluid into the fluid chamber through for
example the first check valve, wherein the diaphragm
moves outwards thus increasing the volume of the fluid
chamber. The dosing cycle and suction cycle may be

25 repeated over and again depending on the amount of fluid
to be dosed. The method of dosing a fluid with a
diaphragm pump according to the invention has the
advantage that due to the simplified construction of the
pump the cost efficiency is increased. Further, the heat

30 dissipation may be reduced and by driving the diaphragm
directly, the control of the diaphragm movement is

improved, thus improving the dosing capabilities.



dosing cycle or the suction cycle, may be detected by the sensor. Dependi ng
on the position of the indicating neans at the power up of the diaphragm
punp, theweensun3®mst her detects the indicating neans, fecTeEpranploesoshe
reflective 20 surface, or not. The di#phragm nay be noved by the driving
means either way, through a dosing or a suction cycle, until the sensor
detects the end or the beginning of the indicating nmeans, wherein the
control unit may stop the driving neans and the novenent of the di aphragm
25 As the indicating means corresponds either to the dosing cycle or the

suction cycl g, r%?%%rgas%f}{%dﬁﬁ{?ﬁ?ve Ehe, i apht i aan%l‘a’}ed

position, for exanp e egi nnirng o the” dosi'ng cyc For exa
t he |nd|cat|m@snﬁamslcmfréﬁmondsitbnghemﬂm&ingndyctetanﬁ theeB0r sensiar
detects the |nd|cat|ng_g§$n§ power _up, t he control. unit has the

i ndi cation t K&t %%@iﬂ?OW&YQQiEPd%sﬁﬁgléﬁél@Qﬁﬁ§¥%W

control the digyVidGmple the beglnnlng of the dosing cycle, optionally
after completing a suction cycle for filling the fluid
chamber. An angular position of the driving means, in
particular the driving shaft for example of a hybrid
stepper motor, and/or an eccentric may be detected by a

10 detector unit, comprising an indicating means and a
sensor, in particular an optical sensor. An indicating
means designed to correspond to the dosing cycle and/or

the suction cycle, for example in form of a face side
mounted half-circle shaped reflective surface on for

15 example the eccentric, for example corresponding to the
dosing cycle or the suction cycle, may be detected by the
sensor. Depending on the position of the indicating means

at the power up of the diaphragm pump, the sensor either
detects the indicating means, for example the reflective

20 surface, or not. The diaphragm may be moved by the
driving means either way, through a dosing or a suction
cycle, until the sensor detects the end or the beginning

of the indicating means, wherein the control unit may
stop the driving means and the movement of the diaphragm.

25 As the indicating means corresponds either to the dosing
cycle or the suction cycle, 1t is thus possible to move

the diaphragm into a defined position, for example the
beginning of the dosing cycle. For example, 1f the
indicating means corresponds to the dosing cycle and the

30 sensor detects the indicating means on power up, the
control unit has the indication that the diaphragm is

positioned in a dosing cycle and may control the driving



WO 2013/ 013725PCT/ EP2011/ 063036 11 neans in order to nove the diaphragmin
the direction of the suction cycle, filling the fluid chanber, until the
sensor seweeasidtarzend of the indicating neans. This "ye®COEP2@'/0630d6 cati ng
means provides a cost efficient way td 5 i ndicate a dosing and/or suction
cycle and to enable noving the diaphragminto a defined position,
optionally after conpleting a suction cycle first for filling the fluid
chanber. An constant detection of an absol ute angular position of the
driving meandcand tIuLRIRT 100 Py e | e ofl 1 eher dPBphRagrcand relvd 1eyciod may
be detected for. e le b i ant. e resi stan ) L ar

sensor, for é%ﬁhpie 5%%% %%gl%figﬁégﬁgéahgwﬁsfyz%?pgg%é§?ﬁb ?ﬁgg&igbe?agm
and/ or when tskestri \Hengs arearise i sndiob £ oplee at ndgcbehionderahne . vatiifsy “tyees

position of the 15 diaphragm in order to.,allow for directly noving.the
01 aphr agm i €8 & el ihod Hosid BHE & oo Y HaSShor FRSE Gidg L CHRTS HAY (e

advant agest hat, 4ike tdoskngycapabi Linki/es ofutheodi apfriagmpunp: feerk@ 1 e
increased. 20 In a particularly preferred enbodi ment the nmethod conpri ses
the step of modulnat ithy tdhearhiadmgispeed dafonddr posiprioviderd isasildal |y
constant vol tric. fl he fluid. Th trQl _unit may. | a t he
driving speegﬁgﬁriHgkggréf%%énéaﬁgﬂg%lglfg g??ogqg %tﬁéaﬁn%ﬁ agH§5%§§§ition
of the drivi mguieanshandkar. t he eccpatanc, ddecposoti onf ofart hekdicaphreagm
and/ or of the cycle of the diaphragm punp, in particular during the dosing

cycl e and/ or 3KEHSdct POR I&YEPe. CBuetts tHel ROt riRdton ¥ didpht adghSunps
the di aphpagmas it@ changeei 4$ WArkHRG 23@ didect{on ahalhgend Qf-gach
cycle and accordingly the
for example by a giant magneto resistance (GMR) angular
sensor, for example when the driving means is
reciprocating the diaphragm and/or when the driving means
is not operating in order to verify the position of the
15 diaphragm, in order to allow for directly moving the
diaphragm into a defined position along the shortest way.

This has the advantage that the dosing capabilities of

the diaphragm pump may be increased.

20 In a particularly preferred embodiment the method
comprises the step of modulating the driving speed in
order to provide a basically constant volumetric flow of
the fluid. The control unit may modulate the driving
speed of the driving means as a function of the angular

25 position of the driving means and/or the eccentric, the
position of the diaphragm, and/or of the cycle of the
diaphragm pump, in particular during the dosing cycle
and/or the suction c¢ycle. Due to the construction of
diaphragm pumps the diaphragm has to change its working

30 direction at the end of each cycle and accordingly the
volume of fluid moved by the diaphragm during a cycle may

not be constant. The driving speed may be modulated or



vol une of fluid noved by the diaphragmduring a cycle may not be constant.
The driving speed may be nodul ated or WD 2013/ 013725PCT/ EP2011/ 063036 12
vari ed bywernoixnigrsse sinus (1/sin) nodul ation, thus prowcaiprgoia/obzseé cal |y
constant volunetric flow of the fluid2during the dosing cycle. By

nodul ating the driving speed of the driving neans with high dynamcs, a
fast 5 respondi ng change in the driving speed, it is possible to provide a
basi cal |y constant volunetric flow of fluid during a cycle, for exanple
during the dosiigyéle ahd/ 6RVEhaesusien cielelnThératihdthgspeddiusay be

| ower in the mddl e { egl nni / qr e 10 d of a
cycle. Furthég%gafgﬁgghg %%%%ﬁ§¥g§a g?n%ﬁgngr?5?ﬂ§ﬂ%ﬁ§§g glﬁégr%%lﬁ%ﬂéhock
at the end arfdidrd the ibegitin ngooin@ cycle. nay bednéduded. the alrfioritnker

preferred enbodi nent _.t he net hod. conprises 15 the.step. of controlli t he
Cength of thERTSS ngf oyele T Ghier TEaidost dt Fadet W {0t Ehe i d
with a basi caldsysensiantrelunet rine fd-awifer s%e@a!d\/,e'ltt e poYipal lrens for

a tinme proportional dosing cycle, wherein the dosing of at |east a part of
the fluid isrteonvdect ed Washczd ly basheadbhy constemlir vol dhetr i et f Ifdwifdor a

gi ven tine. ri t he rei | _dosi o >t he | u ic f of the
fluid is bas:a;:&érll{}l% cons %(gggand@%e eg{l?l’ ﬁql%onégl%?{lhe E%é)i n%%l{sﬂ(ior#y?%ﬁ ed.
After a powerandp caf tthe diaplsragnypuap The dontinl gpetdmayynmbee lidwer

di aphragm 25 vi a the,drivin% means into a defined position, for exaqEJe t he

begi nni ng of 1& d&Si AGIV A €T iF GseGediaft & dSuGGTLRTdyd endripg *

proportiqpal dosing qyclg- allows, for. dosing an: gxact, ampynt of §uide for
exanpl e detergent, wherein the anount of fluid to be dosed is adjustable.
30 WD 2013/ 03 725RCT¢ ER20 1 8/ 063086 18c ogtigassialy thet mnd | and/okb\ilieg t he
diaphragn1tokja%; %nd t@us for ex%ppl?)r%ggfingithe pressure inside the
fluid chanbereﬁbnpagﬁ;Onaf‘Féﬁ&Eioaéht as§?ﬁ6m%nside the fluid. The driving
speed may be nodul ated according to the

In a further preferred embodiment the method comprises
15 the step of controlling the length of the dosing cycle in
order to dose at 1least a part of the fluid with a
basically constant volumetric flow for a given time. This
allows for a time proportional dosing cycle, wherein the
dosing of at least a part of the fluid is conducted with
200 a basically constant volumetric flow for a given time.
During the proportional dosing cycle the volumetric flow
of the fluid 1is basically constant and the duration of
the dosing 1is controlled. After a power-up of the
diaphragm pump the control unit may move the diaphragm
25 via the driving means into a defined position, for
example the beginning of a dosing cycle, if needed after
a suction cycle. The proportional dosing cycle allows for
dosing an exact amount of fluid, for example detergent,
wherein the amount of fluid to be dosed is adjustable.
30
In a preferred embodiment of the method the driving speed

for the suction cycle 1is modulated in a way to avoid



5 specific fluid used, in order to enable the fastest possible suction
cycle for the specific fluid. For exanple may the suction cycle start with
a | ow driwongizspsrd, allowing for a | ow pressure drop deeTiEr2@i1lo6se3é | ow
rate, and increasing to a maxi mum fl uidd specific driving 10speed. In a
preferred enbodi nent of the nmethod the driving speed is changed in order to
| engt hen or shorten the suction and/or dosing cycle. The driving speed of
the driving 15 neans is the speed which basically determ nes the | ength of

a suction an@vdgagesingy ey dhe, fifvdrcei Moy 1gidowhdr iddiamg reEed d €ads t&can
I ncrease cycl.g td r@oran%xé{ﬂnﬁgfev? 83100 SHS Va?&gs%%ﬁé ! ¥n§gé{8‘”%ﬁ%e%%lfaor

punpi ng a f|UI t hrou ong 05|ng line reduced vel ocity and/ or
20 punpi ng a dhiagtver $©o§iatsyc f oaivd Iwiatch ta roerhgamﬂsl\tej dcigiye due tfd uike
reduced frictjon hased on the reduced vel ocit f the fluid and due _to the

reduced accel’&at FoRVoPYt hePRESs 1Y t bE f MGRY 12 TRE dFFYPhG SBeed may e
further mpdulsgted; r2e MR 2813/Q138720RCHER20114063036) 44 + ReSGRI PTEON G:

THE FI GURES Additional detail s, features, characteristicsand advant ages of the
obj ect of th&@dsmidndts OrF Ut o s@Y@sJ@d Son tthe f isparces 1gnd ftlive ool IF@m ng

description of e ctli e res, h x ar h| ow
one enbodi rre%t gxﬂodléanﬁg atcr% e o L!L ﬁj %%lgnaltgf/"gtem acc%r%(?\r%]gd 6thﬁl
i nvention. | ppchel,drdwiongsg ]f@)rFlag 1ols hows sarge clricgnaluedrtawiang cof fd ow
di aphragm purrp accor ding to the present inventian;
e, and increasing to a maximum fluid specific driving

10 speed.

In a preferred embodiment of the method the driving speed
is changed in order to lengthen or shorten the suction
and/or dosing cycle. The driving speed of the driving

15 means is the speed which basically determines the length
of a suction and/or dosing cycle, wherein a slow driving
speed leads to an increase cycle time and vice versa.
This 1is especially advantageous for pumping a fluid
through a long dosing line with a reduced velocity and/or

20 pumping a high-viscosity fluid with a reduced velocity,
due to the reduced friction based on the reduced velocity
of the fluid and due to the reduced acceleration of the
mass of the fluid. The driving speed may be further
modulated.

25



Fig. 2shows a perspective view of a further enbodi nent of
t he di aphragm punp according to 15the present invention. The illustration
in Fig. Iwehowmiansenbodi nent of the present invention. PCH/EPR@.1/083086

di aphragm punp 10 is shown, conprising a punp housing 12. Inside the punp
20 housing 12 two first check valves 14 and two second check valves 16 are
| ocated, wherein the first check valves 14 enable a fluid (not shown) to
enter into a fluid chanber 18. During a dosing cycle the fluid is expelled
fromthe fl uiD@SQEEérHTépM@Faﬁ@ErrE\I@éJ&%I% ough the opened second 25 check

val ves 16, while the first check valves 14 are | ocked. One wall of the
fluid chanber 18 is defined by a diaphragm 20, wherein the di aphragm 20
conpri ses a Gonnedicoral?2? whiteh liss cormredtedd,0 a daraccdr24tibe caemd od 24

is attached to an eccentric 26, erein the 30.eccentric 26 is attached to
a driving sh&tV38¢3¢¢ = i%@%goﬁgﬁﬁ ?étf’%?e r 8BV BFotati Ag St e Eiapticagm
20. The 5 in the figures and the following description of the

respective figures, which - in exemplary fashion - show
one embodiment and an example of a dispensing system

according to the invention. In the drawings:

10 Fig. 1 shows a sectional drawing of a diaphragm pump

according to the present invention;

Fig. 2 shows a perspective view of a further
embodiment of the diaphragm pump according to

15 the present invention.

The illustration in Fig. 1 shows an embodiment of the
present invention. In Fig. 1 a diaphragm pump 10 1is
shown, comprising a pump housing 12. Inside the pump
20 housing 12 two first check valves 14 and two second check
valves 16 are located, wherein the first check wvalves 14
enable a fluid (not shown) to enter into a fluid chamber
18. During a dosing cycle the fluid is expelled from the
fluid chamber 18 and moves through the opened second
25 check wvalves 16, while the first check valves 14 are
locked. One wall of the fluid chamber 18 is defined by a
diaphragm 20, wherein the diaphragm 20 comprises a
connector 22 which is connected to a con rod 24. The con
rod 24 1is attached to an eccentric 26, wherein the
30 eccentric 26 1is attached to a driving shaft 30 of a
driving means 28 for reciprocating the diaphragm 20. The

con rod 24 1is attached to the eccentric 26 by a ball



con rod 24 is attached to the eccentric 26 by a ball WO

2013/ 013725PCT/ EP2011/ 063036 15 bearing 42 for reducing the friction when

t he di aphwegm3msps10 i s operating. The eccentric 26 compmiEpesiiaciace si de
40, which faces away fromthe drivingsshaft 40 and towards a control wunit
36 for controlling the operating 5 of the diaphragm punp 10. An indicating
nmeans 32 is arranged on the face side 40 of the eccentric 26, facing a
sensor 34 nmounted on the control unit 36, in order to determ ne the angul ar
position of tR&rdniodvidwy Aeanse28CiTHe WS vifigCedhswlen | fhfordhaghra Bt epper

notor as wel |l t . yni 6 - LNSI casi 38,
wherein the (?éls%ngis%S?gTﬁgg%%g}%gfi ?&émﬁ%ﬁ%{lﬁgﬁeb?@%g%?ée% of the
eccentric 26 smaye b ,configurédcts eonyedpomnd the addosimg egefe dO0 anguction
cycl e of the diaphragm pu 10, for ex | e by being.designed in a .15 sem
T ore. Thi's ‘GHEB50 1 HECEER 0 U9 Com o LR ETOL REIa: St A6 TBUHBIE0 t o

det ect whet heyr thﬁed|@MEMr§oﬁu%1pp0§DU%@dih@i%éj&@hggm%@ 9b as
suction cycle. The control unit 36 may then rotate the driving shaft 30 and
t hus the di aprageicz0 amttille thrcsensde det eét Shehecerator c2@ o hdasdgionni ng
of the indicati n Lng th riyvi . 28, ~Thus, cqnt rol
unit 36 may %Dv%&}%gad?%pﬁ%gg% Oolkne%l%de Olr{r}cgrcfg%ggﬁ?hgo%?’fgfﬁ gkgi%ﬁﬁl (caE%t he
begi nni ng of ddteradasiengcleychegulThe @dobaphiagmqiunthdOdrayihe seahed Jdan or der
to be able to dose about 6 litres/hour 25 of a fluid, preferably about 15
litres/ hour, Thsr e prefe reePaboaf 50 IHCrFestthour StHBRET pefeFr ¢ dbot 80

litres/hqyr. jThe ydri ving-Seansi MY cacey dinglyyhi ovh dega Lorgue ngf sabout
0,1 Nm preferably about 5 Nm nost preferred about 6 Nm The pressure for
dosi ng t he flhiede3@ ndlye aceoridiongdy - b&habountd 0;2 ey , mpreberdbl ynabidugt 2
bar, nost pr erred.(?bo%b O0f bﬁ{fe WO ZOC#?i/Olz’ngSgCT/ EP2011/06303 6 A

t i Forf OWN

further enbodiifeént®of°the ifve 9$"s In |§/. kée ?ﬁ%fa%iaﬁ agm punp

10 conpri ses rrddssoneheek walivweihd angklae second sheckvatyeldboifnsinde a
punp housing 12, wherein the first check valve 14 opens on a suction cycle
5 in order t&FeHAOTa PYEPd 10 ehter SKRBPLPUIRY charber ItIsHowWAT \éhi | st

the second chiegk valxe d6 gl asetn QUring 8.dasing £l & bhef st check
val ve 14 is closed and the second check valve 16 opened in order for the
fluid to | eavéde e ddhuiadchamper10 The deaphtaghethet tBeshiowmphriagmdrid/en by
a driving neans 28 in for notor. Attached.to the drivyjn

J of a giteppler ]g Ving
shaft (not sHowdCSS ¥t cEnt Fi 8058 IWGYEH Sextends® Ak aPTy ¥ Gtfher than
the driving shafttro1The ieccantid ¢ 26 €orprisestpl arfiacagsisdar40 stthend
i ndi cati ng neans 32, wherein the indicating

thus the diaphragm 20 until the sensor detects the end or
200 the beginning of the indicating means, stopping the
driving means 28. Thus, the control unit 36 may move the
diaphragm 20 1in a defined position, for example the
beginning of the dosing cycle. The diaphragm pump 10 may
be scaled in order to be able to dose about 6 litres/hour
25 of a fluid, preferably about 15 litres/hour, more
preferred about 50 litres/hour, most preferred about 80
litres/hour. The driving means may accordingly provide a
torque of about 0,1 Nm, preferably about 5 Nm, most
preferred about 6 Nm. The pressure for dosing the fluid

30 may accordingly be about 0,2 bar, preferably about 2 bar,

most preferred about 10 bar.



15 nmeans 32 is designed in a sem circle shaped area, covering about half
of the total face side 40 of the eccentric 26. The indicating neans 32 is
for exanpwe aixmBizecti ve paint, wherein the indicating meamP282/063986 esponds
to a cycle, the suction cycle or the ®@osing 20 cycle, of the diaphragm punp
10. Thus a sensor 34 integrated into the control unit 36 (shown detached)
may determne if the diaphragmis in the position of a dosing cycle or a
suction cycle, or at the beginning or end of a cycle. The control unit 36

is shown in & divgadsanmsind® 25 95¢sioth dhe ThE Spariore disarshesibilmatiicns Zof

el enents and -f eat | h o] d 1] e odi. ts e ary, only;
t he interchagg%héﬂgﬁgugﬁgitﬁgﬁ?i§?(ﬁ%@%é%é%$g§c%#£§}\ﬁé%?%oéggﬁ%r14

t eachi ngs i namhi sa asdcbhe paterit srappéi dat | omsidacer pomat ehbystieferlence are
al so expressly contenpl ated. As those skilled in the art will recognize,

vari ati ons, L5013/ G E3725PET 17P06%036 PPSHSUINY Catiiors Cla Sher

i npl ement ati gans Ofqahatol pedasict | hediheeith can:oecuh et & thihosecRhn@kdi nary
skill in the art without departing fromthe spirit and the scope of the

i nvention as (@& mEthwiAccordl figl yhet ke chocegdiank svakser Lpt ien didsd t he

way of exanpl ly a | . ot int endi ng. lLpting. - lLn e.cl aj,ns, the
moyding "cgﬁgﬁfggﬁéﬁ'E%E%Eﬁ%té%é%éuggéo?h§$te%g%%htgaé#es?gpé% gﬂgpfﬁ%
identified articcl €hé aseabndarthdgesvadteeXxd udecedl uhaldider Thernmahe f act
that certain neasures are 10 recited in nmutually different dependent clains

does not indifd&té t hat LXGHbItREL | OhUOF (HES® Steasifés Cammdtade uded to

advant aggy The,dayventions- s¢epeds defined AH Lbefold oW pg .8l nsrand the
equi val ents thereto. Furthernore,” reference signs used in the description
and 15 cl ai nstdppeat ndtmin. theadope of the fhieangoshadtcl(aioredhown)

is an eccentric 26, which extends axially further than
the driving shaft. The eccentric 26 comprises on a face
side 40 the indicating means 32, wherein the indicating
15 means 32 1s designed in a semi circle shaped area,
covering about half of the total face side 40 of the
eccentric 26. The indicating means 32 1s for example a
reflective paint, wherein the indicating means 32
corresponds to a cycle, the suction cycle or the dosing
20 cycle, of the diaphragm pump 10. Thus a sensor 34
integrated into the control unit 36 (shown detached) may
determine if the diaphragm is in the position of a dosing
cycle or a suction cycle, or at the beginning or end of a
cycle. The control unit 36 1is shown 1in a disassembled

25 position.

The particular combinations of elements and features in
the above detailed embodiments are exemplary only; the
interchanging and substitution of these teachings with
30 other teachings in this and the patents/applications
incorporate by reference are also expressly contemplated.

As those skilled in the art will recognize, variations,



WO 2013/ 013725PCT/ EP2011/ 063036 18 List of reference signs 10 di aphragm
punp 12 punp housing 5 14first check val ve 16second check valve 18fluid
chanmber 28di2apnamm 22connect or 10 24con rod 26eccentri @eC2EPRONIOBZY3OEANS
30driving shaft 32indicating nmeans 15@4sensor 36control unit 38casing

modifications, and other implementations of what is
described herein can occur to those of ordinary skill in
the art without departing from the spirit and the scope
of the invention as claimed. Accordingly, the foregoing
5 description 1is by the way of example only and is not
intending as limiting. In the claims, the wording
“comprising” does not exclude other elements or steps,
and the identified article “a” or “an” does not exclude a
plurality. The mere fact that certain measures are
10 recited in mutually different dependent claims does not
indicate that a combination of these measures cannot be
used to advantage. The inventions scope is defined in the
following claims and the equivalents thereto.
Furthermore, reference signs used in the description and
15 claims do not limit the scope of the invention as

claimed.



40f ace side 42ball bearing 20 WO 2013/013725PCT/ EP2011/ 063036 19 d ai ns
1. A diaphragm punp (10), in particular for use as a detergent dosage punp,
conpri si o 2613201p12ap housing (12) with at | east a first pch@mpzonaboss (14)
and a second check valve (16), a flui® chanber (18), a di aphragm (20)
defining a wall of the fluid chanber (18) and reciprocatingly novable,
driving neans (28) with a driving shaft (30) for reciprocating said

di aphragm 10(20), a control unit (36), wherein the driving neans (28) is
connect ed t o lifgd @fagiefsnanceosigisan eccentric (26) and a con rod (24),
wherein the driving neans (28) is configured as a gearless drive to
directly reciprocate the diaphragm (20). 15 2. The di aphragm punp
accordi ng to ld ai mikphwhereipmntche driving nmeans (28) is a stepping notor,
in particul ar, 2 h)ébri d steegigng not or .

ump hous
5 14 first check wvalve
lo second check wvalve

18 fluid chamber
20 diaphragm
22 connector
10 24 con rod
26 eccentric
28 driving means
30 driving shaft
32 indicating means
15 34 sensor
36 control unit
38 casing
40 face side
42 ball bearing
20



20 3. The di aphragm punp according to any of the preceding clains, wherein
the eccentric (26) is directly attached to the driving shaft (30) of the
drivi ng reens13@s)s 4. The di aphragm punp accordi ng troTAPIiaHciobe
precedi ng 25 clains, wherein a detect® unit is provided for detecting an
angul ar position of the driving neans (28) and/or the eccentric (26). 5.
The di aphragm punp according to any of the preceding 30 clains, wherein the
detector unit conprises an indicating nmeans (32) connectable to the driving
means (28) afdRdms WO 2013/ 013725PCT/ EP2011/ 063036 20 the eccentric (26)
and a sensor (34) for detecting the indicating neans (32). 6. The di aphragm
punp according to any of the preceding 5 clains, wherein the indicating
means (32) id.a reéfldeepihvegsuriiage (410N anged per tdtculleastfoa part acf at he

peri pheral area and/%r) a face side %40 of .the driving neans (28) and/or
the eccentri &SEEPE™0 PSPHE S Hbhr &GMPBUTE “&ccording to any of the

precedi ngscl aj ?Jm_ﬁ/]\@l%{ju%ii@lgt he csenseh (34 d=%d nt egratedHdato Whecont rol
. e

unit (36). i aphragm punp according to any of the preceding 15

cl ai ms, wher €ilif)t Redcen seedR PP ack diarlatst | Cat t &cHediitco ahrebdiragBagm
(20, b T3Pl DY API R0 soeehion, JojAcieuiad for s g [lud,
any of the cl@isns ahd @B iprocatingly movable, driving means (28) with
a driving shaft (30) for reciprocating said diaphragm
10 (20), a control unit (36), wherein the driving means (28)
is connected to the diaphragm (20) by an eccentric (26)
and a con rod (24), wherein the driving means (28) is
configured as a gearless drive to directly reciprocate
the diaphragm (20).
15
2. The diaphragm pump according to claim 1, wherein the
driving means (28) is a stepping motor, in particular a

hybrid stepping motor.

20 3. The diaphragm pump according to any of the preceding
claims, wherein the eccentric (26) is directly attached

to the driving shaft (30) of the driving means (28).

4. The diaphragm pump according to any of the preceding
25 claims, wherein a detector unit is provided for detecting
an angular position of the driving means (28) and/or the

eccentric (26).

5. The diaphragm pump according to any of the preceding
30 claims, wherein the detector unit comprises an indicating

means (32) connectable to the driving means (28) and/or



starting a dosing cycle by dosing at |east part of the fluid inside of the

fluid chanmber (18), starting a suction cycle, preferably after at
| east 25pwot2bis/dersng the fluid. 10. The met hod accor di rgTIEP2@AGIBE,
further conprising the steps of 20det ecting an angul ar position of the

driving neans 30(28) and/or the eccentric (26), noving the di aphragm (20)
to a defined position, for exanple the beginning of the dosing cycle, WO
2013/ 013725PCT/ EP2011/ 063036 21 optionally after conpleting a suction cycle
for filling the fagicd tehianter®)( B8 a1 Berpied nethod cdc €@rtdiong Yo télcai m 10,
further conpr.i sj. t p of, nodul ating the driving speed in order to
provi de a baéf%%1 ;gggﬂgF%%% J%FJﬁetric flow of the fluid. 12. The net hod
according to claim10 or 11, further 10 conprising the step of controlling
the length of the_dosin ycle in order to.dose at |east part of, the
fluid with a‘asi E%el ¢ leshEeam ABPURECAT E %W F 61 Ya Ogi &3& PrrES915 93,
The met hod acaQrigisNg whe rany, efhd heGlaitns O rfe@nk?, (300Mard S R ke tskep of
modul ating the driving speed during the suction cycle in a way to avoid
out gassi ng i surHedd @irdarnedl on Hie Liegsiiod ®@eddr difnd heo payicdfetele cl ai ns 9
to 13, conprising tep Qf c i t.h I Vi . d_i rder, .t o
| engt hen or 5%5} ghgﬁﬁ%‘gug%fﬁhq§%%7ggo ogﬁﬂéjﬁygggig%%-megn% q%8)

and/or the eccentric (26).

10 7. The diaphragm pump according to any of the preceding
claims, wherein the sensor (34) is integrated into the

control unit (36).

8. The diaphragm pump according to any of the preceding
15 claims, wherein the con rod (24) is directly attached to

the diaphragm (20), preferably by a bolted connection.

9. A method for dosing a fluid, comprising the steps
of:
20 - providing a diaphragm pump (10) according to any of

the claims 1 to 8§,

- starting a dosing cycle by dosing at least part of
the fluid inside of the fluid chamber (18),

- starting a suction cycle, preferably after at least

25 partly dosing the fluid.

10. The method according to claim 9, further comprising
the steps of
- detecting an angular position of the driving means
30 (28) and/or the eccentric (26),
- moving the diaphragm (20) to a defined position, for

example the beginning of the dosing cycle,
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optionally after completing a suction cycle for

filling the fluid chamber (18).

11. The method according to claim 10, further comprising
5 the step of modulating the driving speed in order to
provide a basically constant volumetric flow of the

fluid.

12. The method according to claim 10 or 11, further
10 comprising the step of controlling the length of the

dosing cycle in order to dose at least a part of the

fluid with a basically constant volumetric flow for a

given time.

15 13. The method according to any of the claims 9 to 12,
comprising the step of modulating the driving speed
during the suction cycle in a way to avoid outgassing in

the fluid.

20 14. The method according to any of the claims 9 to 13,
comprising the step of changing the driving speed in
order to lengthen or shorten the suction and/or dosing

cycle.



