A di aphragm punp for dosing a fluid capable of automatic 5 degassing and an
accordi ng nethod Technical field of the invention 10 The present invention
rel at es twoaoth/mpissagm punp, in particular for use as aPdEEPe@anticdDSage
punp, capable of automatic degassing and an accordi ng net hod. Background of
the invention 15 D aphragm and piston punps are used to supply netered
quantities of liquids with various properties. Depending on the field of
application, the punp behaviour is subject to various requirenments in order
to ensure that 20 the delivered quantity of the netered nediumis as
preci se as possible and remains constant for as |ong as possible. D aphragm
punps are common industrial punps that use 25 positive displacenent to nove
| i qui ds. These devices typically include a single diaphragm and chanber, as
wel | as a dosing check val ves éo prevent ba;EPtIOML P'itons are either

I
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Technical field of the invention

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

automatic degassing 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 a dosing 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



30 normally highly reliable because they do not include internal parts that
rub agai nst each ot her. D aphragm punps can handl e a range of nedia that

i ncl udes wbrasiozesss- 2 - materials, acids, chem cals, oPCrhp20iikesesi nce the
drive nmeans is normally conpletely separated from hydraulic part of the
punp. Since di aphragm punps can deliver small volunes of fluid with the
maxi mum di scharge, they are 5 especial Iy Zsuitabl e as dosage punps. Anot her
reason for using diaphragm punps as dosage punps is that these punps have
two strokes, Materiad SaspiGiatS o st okel §n whi Ehet hékrediitnrei $h&spiriateed

froma reservyoir 10.an r ess| rHoke Lver r r:
del i very of ﬁhgﬂﬁeté?eﬁﬂﬁgﬁ.u e%§ggﬂfﬁ%%8§ ﬁgﬁggggbﬁin%rﬁﬁkgéﬁg%ggésjKnomn
gi a_phraghm pllilmsl,t fodr ttihrmstpa;lmpei Sg@qur;dﬁap@uﬁ]gmorpbmiﬁmcklca\m:dﬂé&m waialll?ls

osi ng check valves to_preven ack-fl ow. ese check val ves are usually
Spring bi ased Camicar e bpdrid Santl: £F odF byt HEUBr COsivs [T ef Bhde BF t he

medi um t osbe Rwpad.1 1TheGhegk ovalves are @Qﬁ?&L|y only operated by the
differential pressure of the fluid. In case of a gas trapped inside the
di aphragm punp the punp nmay cease to function as the 20 trapped air is

conpressed by t 0osi tiv i spl nt, . dj agmr h ei ng
pushed out t%%%ﬂgﬁﬂiﬁgﬁgﬁg}ggﬁgHggﬁﬁgaﬁﬁgﬁhigﬁ%ebgﬁgéhgggﬁ?%%ﬁ%g%ﬁggﬁpto be
noni t or ed and sdegassethdde graess tlvaawotdoasdeckease ii.k .t ke pragcession
reliability of the diaphragm punp. 25 It.is therefore an object of the

pr esent inveﬁﬁ29$Q(}qH%Rﬁ ei%%?b@%dlaiéﬁﬁ%é@ﬁ?ﬁuﬁﬁOWhPcﬁ%ﬁ%&ﬁ%&r
i ncreasedopreess 4 eli@hbtddyion stroke or delivery stroke where

delivery of the metered medium e. g. into a metered line
takes place. Known diaphragm pumps, for instance,
comprise suction check wvalves as well as dosing check
valves to prevent back-flow. These check wvalves are

15 wusually 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. In case of a gas trapped inside
the diaphragm pump the pump may cease to function as the

20 trapped air is compressed by the positive displacement of
the diaphragm rather than being pushed out through the
dosing check wvalve. Hence diaphragm pumps need to be
monitored and degassed in order to avoid a decrease in
the process reliability of the diaphragm pump.

25
It is therefore an object of the present invention to
provide an improved diaphragm pump which offers increased

process reliability.

30 SUMMERY OF THE INVENTION



- 3 - This object is solved by nmeans of a di aphragm punp for dosing fluids,
in particular for use as a detergent dosage punp, having the features of
claim1 awo2bis/aresas of a nmethod for detecting a fluid, PCi/EPastiLiocsshiar a
gas, 5 inside a diaphragm punp, in particular inside the fluid chanber of a
di aphragm punp, having the features of claim8. Preferred enbodi nents,

addi tional details, features, characteristicts and advantages of the object
of the invention of said diaphragm punp and said nethod are 10 disclosed in

t he subcl ai mehisn iHer 4F a9pEEL dTY theaihvent iordiHeh G @phPEGM pWip, in

particul ar fof a .det er gent 'ﬁ%% o] IS p Eﬂg& a
fluid chanbe%ogg%'ce%%ﬁ%ggfhe9§515%%% eég?ngkﬁfagﬁ%agﬁgdg%iE?ﬂb g% | of
the fluid chasergecamdimecilproicat | gt yfeovaibde bF aldinvilngnoedys neand east

tion ch | d_a dgsing, check valve, a control unit, and
detector uni €16t HECECti hga FIGrd Frsitie thet | U doGhanBer 2220 T

di aphragms punp sy he wsgehasqn geher gemt (tasage: PARPinwheeekAet e uig
detergents may be any liquid, in particular acids or bases. The punping

head may accémmdiare o fl Wlardhame PUIR . dibgphiragbdefiordsireswall 2518F t he
fluid chamber .anﬁ'réfeﬁ%a%ﬁﬁ%"%%'r%s@vaa&l &4 f d?été?lg‘ﬂc'fe%tﬁl'r‘é'sq I nto
the fluid chanmber, for exanple during a suction cycle, and to expel the

fluid at | easthaparttealilsyt ifoasomatle BBukdtebasbesf duié ngola) eosi ngt cydlee f or

exanpl e, by a positive venment of the di aphragm 30 towards the punp head.
The di aphr agm FEHy 1E8npP T sed ﬁé&?@réﬁglsﬁ%?goﬁﬂgheéﬁlgar@%?h% ey

during the sugtdan cyclie and kleckingduring the dosing cycle, and at | east
-4 -

In a general aspect of the invention the diaphragm pump,
in particular for use as a detergent dosage pump,
comprises a pump head, a fluid chamber adjacent to the

15 pump head, a diaphragm defining a wall of the fluid
chamber and reciprocatingly movable by a driving means,
at least a suction check valve and a dosing check valve,
a control unit, and a detector unit for detecting a fluid
inside the fluid chamber.

20
The diaphragm pump may be used as a detergent dosage
pump, wherein the detergents may be any liquid, in
particular acids or bases. The pumping head may
accommodate a fluid chamber. A diaphragm defines a wall

25 of the fluid chamber and is reciprocatingly movable in
order to suck a fluid into the fluid chamber, for example
during a suction cycle, and to expel the fluid at least
partially from the fluid chamber, during a dosing cycle
for example, by a positive movement of the diaphragm

30 towards the pump head. The diaphragm pump comprises at
least one suction check valve, opening during the suction

cycle and blocking during the dosing cycle, and at least



one dosi ng check val ve, blocking during the suction cycle and opening
during the dosing cycle. A control unit is provided in order to control the
oper at i ngwof2ot¥eessaphr agm punp, in particul ar of a driwyCmgEraeansiedf the 5
di aphragm punp. A detector unit is provided for detecting a fluid inside
the fluid chanber of the diaphragm punp. The fluid may be for exanple a
liquid, a detergent for exanple, a gas,” ffor exanple an outgassed |iquid
and/or air, or a liquid conprising a gas. The detector unit may 10 be

posi ti oned iﬁ@ﬁd@oﬁﬁégp&%ﬁcﬁéé@lWﬁroﬁgé¥ﬂ%%@%nﬂﬂqkﬂgiﬁ@epéﬁﬁﬁéﬁmaﬂy§ﬁ@as
inside the flyi r a i:1 t | lecty, .fQr anpl e

cl earance voﬁ&ﬁgéggﬁﬁ$§rgﬁggﬁ s%ggi?%%$§m%e eé%?o%‘g%ng%ggsuggflgéup

al | owi ng f or paraviimieldy idegasisimdg cofconhterofll wihet clpemadringThg Ihedet ect or uni t

may be | ocated adjacent to the fluid chanber. w thaqut, physicall ntacting
the fluid | néi a8 ERET FUTE cHANBET." P AdetdcFor dmiie dmiy Fend 'a Wignal 10

the contrel unidonfQm el & thateAagasinis bW HHRG LR M de the iflqui d
chanber so that the control unit may 20 stop the driving neans and for
exanpl e i ndi Gatfédiitthé ngeelg fiore degassichgrbfear cdx aisl el aPent mym® -bypass
in order to a l_uj ¢ ¢ r. as .f the fl.ui a may be
directed bacE@%b%ERgﬁh%5ﬂ¢g?%?%%?%gafgn%hg'gﬁé%ﬁ&%g%i&ﬁ%%rg%%%%g?ﬁg to the
present i nvertiamplhkas aa dhaew ddvanixaged cover odeviasesdaddendidngnidy drhe st ate
of the art. Far exanple, the contactless detecting of a gas directly inside

the fluid chafer Sncr dd&ks & eTWeliSdbid 7t Yoot (KE detector Fmit "Bt t her
It I's possi b 301G 1GRlLCl r i9RS tWle 18RS U d1UR rdidredld wdmside ithe
fluid chanber allowing for a tinely degassing of the fluid chanber prior to
a failure of pEhé ldivdphr agmasurp s1des theddd ulel ahgadesuinhérgp.e Fast her it is
possible to gﬁtl%(:ts ttahr%lt t% fclolill%’cta ! o(}u'e(;<ag[1 tleer %%ré%lr%r Cc):%ugfto lfu%r quarrpl e
has run out, for exanpl e when a product Teservoir has been conpletely
punped enpty.Thihi @naldlews a hedally ddse afica b praoduct idgser-ve@i r, thus
i ncreasing the cost efficiency of the process. In anaother enbodi nent of the
i nvention t héldere&orfafnigt timely degassing of the fluid chamber. The
15 detector unit may be located adjacent to the fluid
chamber without physically contacting the fluid inside
the fluid chamber. The detector unit may send a signal to
the control unit, for example that a gas is building up
inside the fluid chamber so that the control unit may
20 stop the driving means and for example indicated the need
for degassing, for example by opening a bypass in order
to degas the fluid chamber. The gas from the fluid

chamber may be directed back to a fluid reservoir.

25 The diaphragm pump according to the present invention has
a few advantages over devices according to the state of
the art. For example, the contactless detecting of a gas
directly inside the fluid chamber increases the
reliability of the detector unit. Further it is possible

30 to detect a gas or a gas build-up directly inside the
fluid chamber allowing for a timely degassing of the

fluid chamber prior to a failure of the diaphragm pump



conprises at least a first oscillator means with a first 10 sensor el enent
and a conparator neans for neasuring the frequency of the first oscillator
means, whwoebrs/|eedssequency of the oscillator nmeans is aPCedrediasssheast by
a dielectric constant of a fluid inside the fluid chanber. The oscillator
means may be configured as a 15 free-running oscillator. The frequency of
the oscillator neans may al so be affected by the anount of fluid inside the

fluid chanmber. Due to the changing volume of fluid inside the fluid chanber
during a dosiWg &mrdPordasuétildhl-dypel e ot édueric Pofsasuted oy atset

conpar at or han r4 odi . fr c for anmpl e
oo oor hOrEh P e S5 Rl B itk My ot s

al ue at the
begi nni ng of rume osuict ifor Exelmg 1landhans ec e dvaltu e egte rivioe. rech sofoetedme suct i on

cycle. The first oscillator neans s ectricall onnected to the first 25
sensor eleneﬁfmgﬂﬁﬁfﬂé’é%ﬂ%ﬁ?%ﬁﬁ?tﬁ%aﬁglﬁn@lﬁﬁvﬁ%éﬁﬁiSE@Aigﬁﬁlf cénnect ed
to the costre@rddnidt rERerfidist, sensorirelrenent grande arr argad idgiyde it he
punp head adjacent to the surface of the punp facing the fluid chanber for
a cont act | esshee@I@c&®ent of the fluid. The 30 first sensor el ement may be
| ocated i nside the punp head adjacent to the suction check valve or the

dosing check - 6 - valve, for exanple in order to detect a gas entering
the fluid chambemothr raratter memef erfr etheentodintentn afhe hie teatent von tt he

comprises at least a first oscillator means with a first
10 sensor element and a comparator means for measuring the
frequency of the first oscillator means, wherein a
frequency of the oscillator means is affected at least by
a dielectric constant of a fluid inside the fluid
chamber. The oscillator means may be configured as a
15 free-running oscillator. The frequency of the oscillator
means may also be affected by the amount of fluid inside
the fluid chamber. Due to the changing volume of fluid
inside the fluid chamber during a dosing and/or suction
cycle the frequency measured by the comparator means may
20 change periodically. The frequency may for example change
periodically between a fluid or liquid specific first
value at the beginning of the suction cycle and a second
value at the end of the suction cycle. The first
oscillator means 1is electrically connected to the first
25 sensor element and the comparator means and may be
electrically connected to the control unit. The first
sensor element may be arranged inside the pump head
adjacent to the surface of the pump facing the fluid
chamber for a contactless measurement of the fluid. The
30 first sensor element may be located inside the pump head

adjacent to the suction check valve or the dosing check



5 first sensor elenent is designed as a pair of electrodes for generating
an electrical field at least partially inside the fluid chanber. The

el ect r odesorzas/ae486f a pl an shape and nmay be arranged i meirg®2etheeunp head,
basically parallel to the surface of the punp head facing the fluid 10
chanber, for contactless detecting of a gas inside the fluid chanber. The
first sensor elenent may be configuredt® generate an electric field at

| east partially inside at |least a part of the fluid chanber. The first
sensor el emeE Ve a fodpaciciince IPasedesesoriediesirent Jasf RAGCEHEIS Nehe
frequency offﬁggd?%%bh&%&or means. The capacitance of the first sensor

el emrent may be a function of the relative dielectric constants for
different fluids, for a liquid and/or a gas for exanple. Based on the

di fferent di Iectr const n t.he amouynt  of f|UI present, 20 the
et consor o aier B R s e I e it BRSR PR 1 3 and
thus altesi ngfltm fsre%%l&n(éﬂe(ﬂﬂcentthQSO%Sh'g%te@r dEANpaid Jree g s
oscillator for exanple, accordingly. Thus a contactless detection of a

fluid, for ei@#plg@n@r@é@ng s e acve ifaadi & ieHahiser h@sﬁow{rml@llzﬂs In a
parti cul arl y prater red %ﬁ%ﬁ%%%b%f e J nventd on ’i‘}%ar?}“%r oINS
conprises a storage neans € storage nmeans nay e co gure foFstore
measur ed freghene esd fhary @)earmirelr@fedt helsfudrestth@s@uhdpatk@@dnemldﬁamhe

storage neans nm also be configured to store predefjned frequencies, for
exanpl e of oRELGr Hrdr &% P& A AE ¢, G %Fﬁdeéﬁﬁ%?ga%§§n§ Son of

- 7 - meagur ed ffiequentiresofialc taxanple (- tihg, iU st esciihlater tieans, with
predefined frequenC|es This increases the accuracy of detecting a gas
build up i nsufdelltdhe:hramed? .cHabdrirss R@ntsioar mire@enutn @ Ypoef eondd demsodi ment

of the |nvent|oneI aQete ore%QElﬁp%ngﬂlf 3 se¢ ond %3cuh#at ;gans W th
a second sensor 8l emént.. € “second oscil mean nay genrera e “an

el ectrical fizel deatstd @agtarpartii alhley fluid chamber. The first sensor

element is a capacitance based sensor element, affecting

15 the frequency of the oscillator means. The capacitance of
the first sensor element may be a function of the
relative dielectric constants for different fluids, for a
liguid and/or a gas for example. Based on the different
dielectric constants and/or the amount of fluid present,

200 the first sensor element provides a different capacitance
for each fluid and thus altering the frequency of the
oscillator means, a free-running oscillator for example,
accordingly. Thus a contactless detection of a fluid, for
example a gas, inside the fluid chamber is possible.

25
In a particularly preferred embodiment of the invention
the comparator means comprises a storage means. The
storage means may be configured to store measured
frequencies, for example of the first oscillator means.

30 The storage means may also be configured to store
predefined frequencies, for example of one or more

specific fluids, in order to enable a comparison of



10 inside at least a part of the fluid chanber for detecting a fluid. The
second oscillator neans may conpri se a second sensor elenent, for exanple a
capaci t arwe 2bsgedissensor el enment in formof a pair of elrettRPeddesscssThe
frequency of the second oscillator neans nay be neasured 15 by the
conpar at or nmeans and/or stored inside a storage neans. The second sensor

el ements may be |located at a different —arleas inside the punp head as the
first sensor element in order to nmonitor two defined areas inside the fluid
chanber and/ 8eagdirace it St e Sehedlo v &vE® L eTRITs TG Hag stthe sadvamttage t hat

for exanpl e buj.l |l r out f-huid,: , be
xamp ﬂm%.%, ﬁgﬁgb?g?%gie e%}éﬁ;% AL 5 %. ﬂﬂﬂs 1ﬂyf@yggé Hg%;

detected. In a furt nt of the invention the ect or
unit is at | easturpan icdl [de teartmedy a&s gars intiégr alp 2:sparet tofe theiicont r ol
unit. The COQR%%&{OF means and/ or the storage neans may be fornmed as an
integral part “He control unit. Further, the oscillator neans may be at
| east pargially integrated into the control unit, for exanple the
oscillator neans apart fromthe sensor 30 elenment. This enables a conpact
and cost ef f if¢irémer@esicgn 16f at e edicapipcagmopenpient of Lhen 1aviegrttiesy

preferred e”’%%%i e 5,4 E%'it”"c%%ﬁ%e% degassing \alve gopnected to the
fluid chanmber (1 I's prOVIdéd. e degassi ng val ve nayabe | ocated at
and/ or connectiet tz0 sthenhi ghesto rpailrineoft .t e o Issicdnehardadr liatcan reans

operating position, for exanple where a gas will start to collect. The
degassi ng val\& R&yétE &t reil@éﬂtlrﬁcﬁﬂerfgﬁ%@. ofhé SGedadéitig drdive may be

control | gpl e iy ithe gontdalt Wnidartdepending 100 & GasH | upidir dtheof | ui d
chanber. Thus it is possible to, in particular 10 automatically, degas the

fluid chanber. filnigar thihculsgcoms awcondtiteoal megaope ratvedodegdssi kg val ve may
it B g R A e T
sensor element in form of a pair of electrodes. The
frequency of the second oscillator means may be measured
15 by the comparator means and/or stored inside a storage
means. The second sensor elements may be located at a
different areas inside the pump head as the first sensor
element in order to monitor two defined areas inside the
fluid chamber and/or adjacent to the check valves. This

20 has the advantage that for example a gas build up as well

as a run out fluid, product, may be detected.

In a further preferred embodiment of the invention the
detector unit is at least partially formed as an integral

25 part of the control unit. The comparator means and/or the
storage means may be formed as an integral part of the
control unit. Further, the oscillator means may be at
least partially integrated into the control unit, for
example the oscillator means apart from the sensor

30 element. This enables a compact and cost efficient design

of the diaphragm pump.



A further aspect of the present invention is a nmethod for detecting gas

i nsi de a di aphragm punp, in particular inside the fluid chanber of a

di aphr agrnwvpunys/o2esapri sing the steps of: 20 providi ng &CuERRMINAGH1 pUND
according to the above described di aphragm punp, starting a dosing cycle
by dosing at | east part of the fluid inside of the fluid chanber, 25
-starting a suction cycle, preferably aftder at | east partly dosing the

fluid, nonitori n% the fluid chanber by nmeasuring of the frequency of the
at |east firdf! gscUItarsT PRgdrs r eeh@moddereadt ed, tlhﬁdll@é”[elrﬁéo@f %a gas build

up inside 30td@§ sli' % %ai%e nnec%ed -E%e tqjll a% @gimc@f‘é?% 1%t arltS Wi th

ei ther a dosing cycl a suction cycle on power 03|ng cycle for
exanpl e the fplrmvddemiS| délet hi@gfalsmldlgcrvartb@r may é»epdlolcedtetdhradzugahldt/r@e for
exanpl e SGCOQ%D%%% %kY%ﬁLJ %%%ﬁ”ﬁéf%t of the fluid chamber in an
5 operating position, for example where a gas will start to
collect. The degassing valve may be electrically
operable. The degassing valve may be controllable by the
control unit, depending on a gas build up in the fluid
chamber. Thus it is possible to, in particular
10 automatically, degas the fluid chamber. In particular an
automatically operated degassing valve may enhance the
self priming capability of the diaphragm pump, especially
as this may be done without the need for a manual
operation.
15
A further aspect of the present invention is a method for
detecting gas inside a diaphragm pump, 1in particular
inside the fluid chamber of a diaphragm pump, comprising

the steps of:

20
- providing a diaphragm pump according to the above
described diaphragm pump,
- starting a dosing cycle by dosing at least part of
the fluid inside of the fluid chamber,
25 - starting a suction cycle, preferably after at least

partly dosing the fluid,

- monitoring the fluid chamber by measuring of the
frequency of the at least first oscillator means,
and if detected, indicating of a gas build up inside

30 the fluid chamber.



5 chanber by a dosing novenent of the diaphragm During the dosing cycle at
| east a part of the fluid inside the fluid chanber is expelled and/or
dosed. Arweatoidmstsspartially enpty fluid chanmber nmay, f@cTErPanploetcafter a
dosing cycle, be filled by starting a suction cycle in 10 order to suck
fluid into the fluid chanber through for exanple the first check val ve,
wherein the di aphragm noves outwards thu$ imcreasing the volunme of the
fluid chamber. The dosing cycle and suction cycle may be repeated over and
again depenle‘@e ot 3T D UMDY Ui e 1Bt He AoSeRE THECFIRG I Xhehber i s

noni t or ed, fgg‘%x%ngkg_ Q@&QQ;I oweqr%_r ﬁ%_%h%%gqn%.mggﬁkyj%HQ|catlng

of a gas bUI| up insi d cha is al atinmely 20
degassi ng an@xbmméfimtmeaﬁesclh@spmﬁ£¢$$ rféluiiabidhiatp eof uﬂuexmaﬂﬂwdagnlpunp.

The fluid chanber i s nonitored a neasu t he frequenc | east a
Tt Troe’r amatdte (Aol 85 Ri2 TRl 10 I v SRt Theraniate to
a CapaCltanC%hgﬁﬁﬁﬁ~%@ﬂ%OGO%h%@Eﬂbmé%%htE&&W&%% A1 ?m&a@%_2®u@ﬂ%§rw%¥5

generatlng an electrical field in at least a part of the fluid chanber. A

fluid, for exewing &vdlquied ikeadr m ¢Rrd @dt éhgertlnichamsddecdmsri ses a
speci fic di e'fﬁ%t il %P%%%%an %%elrl%'dn%n%’}otrh%o%' . 6%1 .G gengtant the

capaci tance of the exa rst sensor el ement i's altered and thus
t he frequencpa&ﬁ1bﬂayosmmk@aﬁdm;meam$ﬂ¢hangedr Eh&~kmeqmﬂmc¢i¢hange may
depend on the, dielectric c tant of the f|UId and/ or on t he anoynt of -

S
10~ f1uid preSeRd iWSide Bfo FHdicd SHARGEr TS, Thé1on cycie in

10 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
repeated over and again depending on the amount of fluid

15 to be dosed.

The fluid chamber is monitored, for example constantly,
in order to enable a timely indicating of a gas build up
inside of the fluid chamber. This allows for a timely

20 degassing and thus increases the process reliability of
the diaphragm pump. The fluid chamber is monitored by a
measuring the frequency of at least a first free running
oscillator means, whose frequency may be altered due to a
capacitance based sensor element, for example a pair of

25 electrodes generating an electrical field in at least a
part of the fluid chamber. A fluid, for example a liquid
in form of a detergent, chamber comprises a specific
dielectric constant. Depending on the dielectric constant
the capacitance of the for example first sensor element

30 is altered and thus the frequency of the oscillator means
changed. The frequency change may depend on the

dielectric constant of the fluid and/or on the amount of



frequency may vary periodically, wherein the periodic frequency change may
be related to the dosing and/or suction cycle of the diaphragmpunp. 5 The
frequencywoO=0msaas4ssed by the conparator neans and for erammEPeoti1fo64611
frequency change occurs faster than during the normal periodic changing of
the frequency during operating the diaphragm punp, a gas build up may be 10
detected, as the frequency of the oscitlaPor nmeans for a gas is
significantly different, for exanple about twi ce as high, to the frequency
of a liquid. fHlg gaeeait d s dendibde ftltve o [GhicgPeranBérsiis Wét ected, a
detection si I .Qf e . from:th (o] : r. means to
15 the contr%lr}% ﬂ@%maﬁ%f %nrg il%gtlg:)étalh ’nggl(?q?oﬂrn gg%a s?{]lg)tdgr?d

optional | y stfopdueecdr ichiamg emeans bepercdtcitrgl tthe tdicaplosdgm aenabln ng a

ti mely degassing .of the diaphragmpunp. This contactl ess detecting of a gas
build up i nsisdlgqilﬁél AYGiE Q%J;ﬁ%%r G m%éﬁ‘%‘s B -process 20 reliability of

t he di aphsagm punp significantly. In a preferred enbodi nent the nethod
further conprises the step of conpari n%yt he measured frequency wth

predefi ned t AREsHalediyanequeisc MeSsUTIRe! fve flien Gprek rehe 12819686 angt dromeans
dth i odi_c f i i tion.cycl f
e O aph no SRS BE A RIRASS. A LNG2 SIN0 S, st Bl € ©

t he di aphragm pu articular

gi ven |i qui d,thfeomoexaiplpe ra odetce refpamts, i nwhiocth tihe tfo demethasediunmithy t he
di aphragm punp, predefined threshold frequencies 30 _nmay be defined and for
exanpl e stor @@Q%t&n@oﬁﬁjﬁr &GP s PUMRpdr heculPart 14 $Por4de Bfeans. The

threshol dof requencices Y tdef ife & dnowe fARMOL RN 1URRSr Wheshald ~ 11 -

gas 1is significantly different, for example about twice
as high, to the frequency of a liquid. If a gas build up
inside the fluid chamber is detected, a detection signal
may be sent from for example from the comparator means to

15 the control unit, which may indicate the need for
degassing and optionally stop the driving means operating
the diaphragm, enabling a timely degassing of the
diaphragm pump. This contactless detecting of a gas build
up inside the fluid chamber increases the process

20 reliability of the diaphragm pump significantly.

In a preferred embodiment the method further comprises
the step of comparing the measured frequency with
predefined threshold frequencies. The frequency of the

25 oscillator means and the periodic frequency change during
a dosing and/or suction cycle of the diaphragm pump may
be fluid, in particular liquid, specific. For a given
liquid, for example a detergent, which is to be dosed
with the diaphragm pump, predefined threshold frequencies

30 may be defined and for example stored in a comparator
means, 1in particular a storage means. The threshold

frequencies may define a lower and/or an upper threshold



for the neasured frequency of the oscillator neans. The periodically
changi ng neasured frequency of the oscillator neans nay be nonitored by the
conpar at owormesee48d constantly conpared to the thresholPdTiRPeguesnmies. If 5
t he neasured frequency of the oscillator neans crosses the predefined
threshold frequencies, this nmay be due to a gas build up inside the fluid
chanber. Thus, the conparator neans may $énd an according signal to the
control unit, which then may indicate the need for 10 degassing the fluid
chamber. | n &9Fariicc IcasVy 5t dfr&IEd Comeddithen o S6fL Ltllvd Ofe f156G@ St-hé et ect or

unit is confi : Ny f__| earni . r i.t, in particular
t he conparaté%gﬁggﬁégl% y%%fngﬁgﬁ?h&%?ﬁﬁﬁgggﬁg¥ﬁgﬁgﬁé9?}gghency of the
osci |l | at or neans iflertcexanrpine frary &<f uldnidosieng bandher cougteirertocay cleensf t he

di aphragm punp., The co rator nmeans may._store the  initially measur

per od aal |y DA GG FRaduERER T Seafiite e Comps IO EqeaoT T The
conpar at o ”&%eZ%e%%Hﬂ@atﬂﬂﬁ?ﬂ@ﬂd%'E&GQﬂ@ﬁQkﬁﬁjﬂﬁﬁﬁﬁﬂhﬂ@m%nch&%s@%asured
frequencies and/or the stored conparison frequencies for detecting a gas

bui I d up insitde Hedefding I fdmseh.o Lghdi caULndd e /alférisatioon Her ot e
nmeasur ed and/.or QF&ﬂﬂﬂgiR&ﬁQ%%Q%%ﬁ%h%c%ﬁuﬁd.E@EE&Q%S H%%Sad% t age, that
e se gaug

;
the 25 diaphﬁagﬁipunp may i'ng, thus reducing the fabrication

t ol erances antnripae aneed rfeam sa magn wain A auwgiang cafd itlye sdicaphir agmybenp. 30 1 n a
nore preferred enbadi nent the nethod further conprises the steps of

measuring t h€FEqdendy tof "R 18 IHG oY IR IrEanse ¢S F%arti cul ar

storing tife geghd«inEaswy ed firequeney0f the second oscillator means as a
ref erence frequency. The second oscillator means may conprise a second

sensor el ement which may be | ocated close to the check valve allow ng the
fluidto ent%%_%p%@rticularly preferred embodiment of the method the

detector unit is configured in a self learning way. The
detector unit, in particular the comparator means, may
15 start with measuring the frequency of the oscillator
means for example for a full dosing and/or suction cycle
of the diaphragm pump. The comparator means may store the
initially measured periodically changing frequency for
example as comparison frequency. The comparator may
20 define threshold fregquencies depending on the measured
frequencies and/or the stored comparison frequencies for
detecting a gas build up inside the fluid chamber, when a
sudden aberration from the measured and/or defined
frequencies occurs. This has the advantage, that the
25 diaphragm pump may be self gauging, thus reducing the
fabrication tolerances and the need for a manual gauging

of the diaphragm pump.

30 In a more preferred embodiment the method further
comprises the steps of measuring the frequency of a

second oscillator means, and 1in particular storing the



5 fluid chanmber. After power up of the diaphragm punp the second oscill ator
means nmay provide a reference frequency once the fluid starts to enter the
fluid chawbeni3/aebssei n the reference frequency depends @aTtHEPeOIdiogiéertri C
constant and/or the amount of the fluid. Depending on the 10 reference
frequency a set of predefined threshold frequencies nmay be automatically
chosen, for exanple by the conparator medas; in order to nonitor and
conpare the frequency of the oscillator neans and to tinely detect a gas
build up i nsf@&StHeX | bf eetrmbert 189 nSacpaft ceqiarieyOpr eteiredas a

enbodi ment. of, te grethod - degassi ngpual ve ) s;onstal e by t he ant rol, unit.

For exanple after a product” reservoir has been conpletely punped enpty,
after repl acicngrrhied | ai ¢aceser voensthe e2@rdindp hwlagoh pumy i lse cdpalslte of

aut omati cal | y degassi the fluid reservoir, enhancing.the self primng
ettt e Stor sl B iRl b RE Chctar ERY ikt oty S:El- g N EREIE
aut omat i cal | ¥ 1wWitdhottarhiher NegdrEor pawanyal pefiad | @NapHhbgmablews ther an

efficient degassing process and 25 increases the process reliability of the
diaphragnlpuﬁﬁpond oscilllator means may provide a referepmge PESORINEM ON OF

THE FI GURES i.ti,enaldet.aj | s, feature terd st van of the
obj ect of thggg%Véﬁgigﬂﬁg?L i°sc ogéhigﬁ?%rﬁﬁg ﬁ?gﬁf§§§%%§ﬂghe”¢%%%%ﬁ%ng
descri ption ahe herespectde veftequeasy whieghendd n @xenphar y dfiadhicarnr i< show

one enbodi nent and an exanpl e of a di spensing system accordj.ng to the
Pnvention. | ROFRG A aiRgSE TSRO Mehovs dts cHeti1 CRRASFALSE dtion of a

di aphragm punp: acendi fgrt-@ 4 henpresent citnviept besde fined threshold
frequencies may be automatically chosen, for example by
the comparator means, in order to monitor and compare the
frequency of the oscillator means and to timely detect a
gas build up inside the fluid chamber.

15
In a particularly preferred embodiment of the method a
degassing valve 1s operated by the control unit. For
example after a product reservoir has been completely
pumped empty, after replacing the fluid reservoir the

20 diaphragm pump is capable of automatically degassing the
fluid reservoir, enhancing the self priming capability of
the diaphragm pump, especially as this may be done
automatically without the need for a manual operation.
This allows for an efficient degassing process and

25 increases the process reliability of the diaphragm pump.



Fig. 2shows an exanple of an altered frequency for a 15fluid inside the
fluid chanber; Fig. 3shows an exanple of an altered frequency for a gas
present iweids/bessf| uid chanber. 20 The illustration i RCEFER2011/06d801s an
enbodi nent of the present invention. In Fig. 1 a diaphragm punp 10 is
shown. The di aphragm punp 10 conprises a punp head 12 with channel s | eadi ng
to a suction check valve 14, opening durifg-a suction cycle and bl ocki ng
during a 25 dosing cycle, and a dosing check val ve 16, bl ocking during a
suction cycl OERFR ﬁéﬂlﬁé’thTﬁEngIé; ng cycle. In the punp head 12 a
fluid chanber 18 is arranged, with one wall being defined by a di aphragm
20. The di aphragm

Additional details, features, characteristics and

advantages of the object of the invention are disclosed
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 schematically illustration of a

diaphragm  pump according to the present

invention;
Fig. 2 shows an example of an altered frequency for a
15 fluid inside the fluid chamber;
Fig. 3 shows an example of an altered frequency for a

gas present inside the fluid chamber.

200 The illustration in Fig. 1 shows an embodiment of the
present invention. In Fig. 1 a diaphragm pump 10 1is
shown. The diaphragm pump 10 comprises a pump head 12
with channels leading to a suction check wvalve 14,
opening during a suction cycle and blocking during a

25 dosing cycle, and a dosing check wvalve 16, blocking
during a suction cycle and opening during a dosing cycle.
In the pump head 12 a fluid chamber 18 is arranged, with
one wall being defined by a diaphragm 20. The diaphragm
is reciprocatingly moveable by a driving means (not

30 shown) wvia a con rod 22, which is attached to the
diaphragm 20. Inside the pump head 12 a first sensor

element 24 is located adjacent to the surface of the pump



is reciprocatingly noveable by a driving neans (not 30 shown) via a con rod
22, which is attached to the diaphragm 20. Inside the punp head 12 a first
sensor elwoent3/@24485s | ocat ed adj acent to the surface of PCHEPRUNP64611 14 -
head 12 next to the fluid chanber 18 and in the direction of the dosing
check valve 16. The first sensor elenent 24 conprises two plane el ectrodes
26 for contactless detecting a gas insided4the fluid chanber 18. The first 5
sensor elenent 24 is a capacitance based sensor elenent of a first

oscillator mé&s! (ot SsHowe) .thsedendichghembcte 1di enettimi dhconrStrant and/ or
the amount Ofoff lt'illlfed’dolsr1n%ar 'e(‘cli"<I %rallxﬂeqli'&’ T!h%S'ﬂ% %efnlflgrd eclrémeg 2]48’ the
frequency of the first oscillator neans varies and may 10 change

peri odi cal | y caogoridiasg ttova dpseng ard/eartrsuetsi o2 €yclferof dome aditdptrsagm

u 10. The el ectr.odes 26 generate electri,cal field , i ch..reaches
P P easi par SRS & & St R B oy ETht e g g 8, MRS hRaeT oS

inside the flgndoghaihered8, 21 nipakt ceaali ddhdd Hdecareangbrt Becaleeatric
field 28 inside the fluid chanber 18, when a sudden, not periodic, change
in frequency 2dc@urfs.rsith ofsiCgurlé t2 ra '¢icagr dmcdf Saavdasursd scaguweey téfe t he

20 osci || at ory MLARS 1,5 Shown.g t"!}?Eeia%oUc}?rf ft%%”eé‘:ﬁééu%t abput 11734 kHg
conprises a square wave form corresponding to a Tiquid present i hsi'de for
exanpl e the fdauitd ccianmber 14841 dTheineadar edhér efjluendy cfartithver osicd | | ather

means shown in figure 3 Iigéconprises a,f?uare wave formbput with a 25

frequency of ZEGHETSE7 orresHondfng tBLaf r 5PeSenta67S eRAMPIEY nsi de

the fluidochamherycld e riiiscyhep a- 8884 byl ds gpdb@%@ea&@%&l whd tGhamber a

significant difference in the frequency is provided and this significant

di fference mayBe detfecttéd byliardomear atemp 10. The electrodes 26

generate an electrical field 28, which reaches at least
partially into the fluid chamber 18. Hence a gas can be
detected inside the fluid chamber 18, in particular in
15 the area of the electric field 28 inside the fluid
chamber 18, when a sudden, not periodic, <change in

frequency occurs.

In figure 2 a diagram of a measured frequency of the
20 oscillator means is shown, wherein the frequency of about
173 kHz comprises a square wave form, corresponding to a
liquid present inside for example the fluid chamber 18.
The measured frequency of the oscillator means shown in
figure 3 also comprises a square wave form but with a
25 frequency of about 287 kHz, corresponding to air present
for example inside the fluid chamber 18. Thus, when a gas
builds up inside the fluid chamber a significant
difference in the frequency 1is provided and this
significant difference may be detected by a comparator
30 means, in particular by comparing the measured fregquency
to threshold frequencies, and may thus be wused for

detecting a gas inside the fluid chamber.



30 neans, in particular by conparing the neasured frequency to threshold
frequencies, and nmay thus be used for detecting a gas inside the fluid
chanber. wo 208/0264BRe parti cul ar conbi nati ons of el enent CarmP26ieab4s1es i n
t he above detail ed enbodi ments are exenplary only; the interchanging and
substitution of these teachings with 5 other teachings in this and the
pat ent s/ applications incorporate by refetence are al so expressly

contenpl ated. As those skilled in the art will recognize, variations,

nodi ficati ons, and other i npl enentations of what is described herein can
occur to those (o SELLD1 B0 10nLhe card) MAEAQU!  deparling Lram the
spirit and the sé)pe of the Invention as alne Accordi ngly, the

f or egoi ng de&@m;ﬁbQWE|er¢1ﬂhd\mmbmﬂlmmmm$lerquKQmuﬂaEynonlynteﬁding as

limting. In.the clains, the rdin r doe ot excl ude her
ol et e or driee B Bing 1 il it S8 B PaPY ign®), PR Gt T

exclude aspl yraldrt yrelbeimgse factthhat geqtaine rr%saérrﬁ:%/%rp@lrl%@ttﬁﬂw n
nmutual Iy di fferent dependent clains does not indicate that a conbi nation of

t hese neasur e‘@C@m@état@e Qs ¢ fieg cadramrag el Sthe¥nnasftlivo e s @Fpe dtedef i ned
in the 20 folowng. cl Fﬁlé‘gd ihhegaul val %ﬂ? ther, g%‘ize':“rvia*}ef M s
ref erence S|gns use |n the desScription and clains do not im T the dcope
of the i nventican fasatliainmed. a2kl Otb@l* implementations of what is
described herein can occur to those of ordinary skill in
10 the art without departing from the spirit and the scope
of the invention as claimed. Accordingly, the foregoing
description 1is by the way of example only and is not

intending as limiting. In the c¢laims, the wording

“comprising” does not exclude other elements or steps,

w rr

15 and the identified article “a” or “an” does not exclude a
plurality. The mere fact that certain measures are
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

20 following claims and the equivalents thereto.
Furthermore, reference signs used in the description and
claims do not 1limit the scope of the invention as

claimed.

25



Li st of reference signs 10 di aphragm punp 12 punp head 5 14suction check
val ve 16dosage check val ve 18fl uid chanber 20di aphragm 22con rod 10 24first
sensor elwoent3/R6ss5ectrode 28el ectric field - 17 - PCT/EP2011/064611
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List of reference signs

10 diaphragm pump
12 punmp head

5 14 suction check wvalve
16 dosage check valve
18 fluid chamber
20 diaphragm
22 con rod

10 24 first sensor element
26 electrode
28 electric field



Claims 1. A diaphragm punp, in particular for use as a detergent dosage
punp, conprising: 5 a punp head (12), a fluid chanber (18) adjacent to the
punp headw(a)3/o2e4sdi aphr agm (20) defining a wall of thePCrxiPdoigiosusiver (18)
and reciprocatingly novable by a driving neans, at |east a suction check
val ve (14) and a dosing check valve (16), a control unit, and a detector 10
unit for detecting a fluid inside the fluVid-chanber (18). 2. The di aphragm
punp according to claim1l, wherein the detector unit conprises at |east a
first oscill &@eMfeans with a first sensor element and a conparator means
for neasuring the frequency of the first oscillator neans, wherein a
frequency of the oscillator neans is affected at |east by a dielectric
const ant of adflu@ddﬁa@hdegmh@UMbuidnc@ammeculza Jothesdi aphragm punp
according to an t he precedi cl ai s mhereln the first sensor el enent
(24) is desiéﬁﬁ% g@n& Sﬁgﬁfpgﬁgbtﬁ&$&¥l 7*for generating an electrica

field (28} aty keast h@@rdt i@lkhy iansiide & f&laﬂdbl@rd @hamber; ack8). 25 thelhe

di aphragm punp accordlng to any of the precedlng cl aims, wherein the

conpar at or nEaHS St i [96s sa astidrage avaris.0) 361951 THa adicaplirldg mip s
according tOf%%ng h%ﬁﬁmﬂrq%%q'%%d reciprocatingly movable by a

driving means, at least a suction check wvalve (14) and a
dosing check wvalve (16), a control unit, and a detector

10 unit for detecting a fluid inside the fluid chamber (18).

2. The diaphragm pump according to claim 1, wherein the
detector unit comprises at least a first oscillator means
with a first sensor element and a comparator means for

15 measuring the frequency of the first oscillator means,
wherein a frequency of the oscillator means is affected
at least by a dielectric constant of a fluid inside the

fluid chamber.

20 3. The diaphragm pump according to any of the preceding
claims, wherein the first sensor element (24) is designed
as a palr of electrodes (26) for generating an electrical

field (28) at least partially inside the fluid chamber

(18).

25
4. The diaphragm pump according to any of the preceding
claims, wherein the comparator means comprises a storage
means.

30 5. The diaphragm pump according to any of the preceding

claims, wherein the detector unit comprises a second

oscillator means with a second sensor element.



clainms, wherein the detector unit conprises a second oscillator nmeans with
a second sensor elenent. - 18 - 6. The di aphragm punp according to any of
t he precewlDng13026d885, wherein the detector unit is at | eaSEPR@ENsEIT Y
formed as an integral part of the control unit. 5 7. The di aphragm punp
according to any of the preceding clains, wherein a degassing val ve
connected to the fluid chanber (18) is ptdvided. 10 8. A nmet hod for
detecting gas inside a diaphragmpunp (10), in particular inside the fluid
chanber (18) of a di aphragm punp (10), conprising the steps of:

provi ding a d¢i aphragm ordi : h | aj : 7,

starting a dg%ingT%%chgggm%%@?ﬁg&lta%gggFE%g?E%ogkgﬁg%fﬁ&%d%fggfﬁé%%f t he

fluid chanbercl@l8)s, whtcartiingha siedtechorcyelie, ipr efterlalsy afatreriadtl v east

partly dosin% the fluid, 20 -nonitorin C%hgifluid chanber. (18) by measuring
S

of the frequéddyofs e &Pqﬁ%ﬁﬁlﬁ¥¥§? N9 &S EanS  tand i f det ect ed,
indicating of a gas build up inside the fluid chanber (18).

7. The diaphragm pump according to any of the preceding
claims, wherein a degassing valve connected to the fluid

chamber (18) is provided.

10 8. A method for detecting gas inside a diaphragm pump
(10), in particular inside the fluid chamber (18) of a

diaphragm pump (10), comprising the steps of:

- providing a diaphragm pump (10) according to any of
15 the claims 1 to 7,
- 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
partly dosing the fluid,
20 - monitoring the fluid chamber (18) by measuring of
the frequency of the at least first oscillator
means, and i1f detected, indicating of a gas build up

inside the fluid chamber (18).

25 9. The method according to claim 8, further comprising
the step of comparing the measured frequency with

predefined threshold frequencies.

10. The method according to claim 8 or 9, wherein the

30 detector unit is configured in a self learning way.



25 9. The nethod according to claim@8, further conprising the step of
conparing the neasured frequency with predefined threshold frequencies.

10. The mwohots/me4ssrding to claim8 or 9, wherein the 3@cCuiatPeatios46unit i s
configured in a self learning way. - 19 - 11. The nmethod according to any
of the clains 8 to 10, further conprising the steps of neasuring the
frequency of a second oscillator neans; &Ad-in particular storing the
nmeasured frequency of the second oscillator neans as 5 a reference
frequency. 2.. THESMBERE@Cadeerdicng ot ¢ oclaiYmeg el Tladier 6i voa ldegassi ng

valve is Ope&%ﬁﬁgmgyckHQIQ%Q%bO%h%n%%eps of measuring the frequency
of a second oscillator means, and in particular storing
the measured frequency of the second oscillator means as

5 a reference frequency.

12. The method according to claim 8 or 11, wherein a

degassing valve is operated by the control unit.



