MULTIVARIABLE SENSOR FOR DETERMINING AND/OR MONITORING FILL LEVEL AND
DENSITY AND/OR VISCOSITY OF A LIQUID IN A CONTAINER The present invention relates to an
apparatus for determining and/or monitoring a predetermined fill level and the density and/or the
viscosity of a liquid in a container. For fill level measurement of a liquid or a bulk good in a container,
so-called oscillatory forks are frequently used. In such case, there exist a number of different forms of

embodig}gﬂ% which differ mainl§ in the shape and length of the oscillatory fork. Such oscillatory forks
are composed or two-Ttls Ant e ﬁa%eBﬁF&%W%m MAIEREB D FERlkions by a drive

unit. TheBWBLOBENIAIBENSEDY exul@dirovppesie phase oscilatons Hie axeibdplisdone with the
resonance frequency of the oscillatory system. The oscillation is weakened when the oscillatory fork
comes in contact with the measured medium. Due to the extra mass, which must be moved when the

oscillatiffg:fork reaghes intoenliquid mediune the osciflatienfreguencyrdecreasesy ithe.case of media

with Iowglrlg@@itym%liqhogs,pfﬁr ex @p(lleef gase §n§3th5 effect is ne EiTgibl%I In the case of all viscous liquid
ing of the 0sci mplitude’ a5 A rest o

media, a damping of the osciflatior amplitude occurs as a result of fic &.hﬁhéiﬁ%cﬁﬂﬁﬁde change

and/or fretueney ‘¢Harigesisvaluated as 4 functidn of the medivmneAdditionally, the phase shift
between the drive voltage and received voltage from the oscillatory rods moved to oscillations by the
driving is evaluated, since this is likewise changed in the medium. In containers, two such oscillatory
forks aré Ofteh applied? it 617 Bemrigaced i thellswed région dfthé containerand one in the upper

region. Incifieznoreagl state; the escibiatory iforempunted.abgve, oscillates,in Alr, and provides an
overflow pr tection, while the oscillatory fork mounted below oscillates in normal operation in the
medium® aRd provides Protéctivh adaifistidhiniig Gry. SLER BEeilatdry ¥dksTnction excellently in
liquids vehithdionrotform:accretiorrsand it: bulkygaodsanish smallparticlesizes relative ta.the
oscillatory, girt.ilanﬁtohxe cgsé% gf meglia xr/avhich form accretions on the oscillatory fork, after a certain

accretion thickness, Bridges form. Which Feach from the Ohe ToPththe BIREE Tthese ihfiGence the
oscillatory 8y stei andaultimately lead to theroscillatorystodsina longer oseillating, and thus to

measu”ggéﬁﬁﬂg{¥H99959p88§9%§e unit. The two rods are thereby excited
to opposite phase oscillations. The excitation is done with the
rescnance frequency of the oscillatory system. The oscillation
is weakened when the oscillatory fork comes in contact with the
measured medium. Due to the extra mass, which must be moved
when the oscillating fork reaches into a liguid medium, the
oscillation frequency decreases. In the case of media with
lower density, such as, for example, gases, this effect is
negligible. 1In the case of all wviscous liguid media, a damping
of the oscillation amplitude occurs as a result of friction.
The amplitude change and/or freguency change is evaluasted as a
function of the medium. Additionally, the phase shift between
the drive voltage and received voltage from the oscillatory rods
moved to oscillations by the driving is svaluated, since this is

likewise changed in the medium.

In containers, Lwo such oscillatory forkes are often applied,
with one being placed in the lower region of the container and

one in the upper region. In the normal state, the oscillatory

I



Oscillatory forks can also be applied for determining the density and/or the viscosity of a liquid
medium. In order to be able unequivocally to determine a measured variable, it is, however, necessary
to hold the boundary conditions constant and, respectively, to determine disturbance variables. An
example of such boundary conditions or disturbing variables in the case of determining density and
viscosity is fill level. In the determining of viscosity, a variable density of the medium, for example for
reasong of temperature fluctuations,.represents a distyrbindg variable. |n order nevertheless to be able
to determiné viscosity; dens?fy is’ Reld constant. de%&ii’y is“detefmined with & separate méasuring
device forca mgasuringwhethod-isssetected] whichycdmpénsates ferdenrsity.dependencies: The latter is
often connegted with.a large; electrgnic, effort, Qften, itis nat possible to hold the houndary conditions
constant, so that at least a second measuring device is nec¢essary for &Determini’n*g the disturbance
variabl@s IS Fe qlires! &8ledst one Bdditiorat prdcessconhection Awhichirot only brings with it extra
costs, hut.alsa introduces hyaienie srigks; depending.on the.field of application, In the,case of bulk
goods composed of coarse particles or quids containing coarse particle, in the case of which the
diamet&F6Fthe pdrticle®as abodt eqtarftotthédistaficé betitedr the fivg F6ds- oftezascillatory fork, it

occurs thatiparticles jam hetween:theseds. Thisz t00s ieads:to-a malfunctigningQf the oscillatory fork.
As a rule, in both cases, an error_report is produced, which, for safety reasons, turns off the process. A

non-v BIoRic rinciglé for filf lever higdastirément of liias s that whersints fod i<ihtrddGéed into the
containér.rEhe wod protrudesfaf into thesontainer, @andowhich is prevvided withsa plurality of so-called
foots: U leakrdbenaraas emages pladeemingd PRy erpopeng (o level of the

osciliatory rods no longer oscillating, and thus to measuring

being no longer possible.

Oscillatory forks can also be applied for determining the
density and/or the viscosity of a liquid medium. In order to be
able uneguivocally to determine a measured variable, it is,
however, necessary tce hold the boundary conditions constant and,
respectively, to determine disturbance wvariables. An example of
such beoundary conditions or disturbing wvariables in the case of

determining density and viscosity is fill level. 1In the

ot

determining of viécosity, a variable density of the medium, for
example for reasons cof tempsrature fluctuations, represents a
disturbing variable. In crder nevertheless to be able to
determine viscosity, density is held constant, density is
determined with & separate measuring device, Or & measuring

method is selected, which compensates for density dependencies.

=

The latter is often connectad with a large electronic effort.
Often, it 1s not pessible to held the boundary concditions
constant, s¢ that at least z second measuring device 1s
necessary for determining the disturbance variables. This
reguires at least one additicnal process connection, which not

only brings with 1t extra costs, but also introduces hygienic
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Due to the application of a plurality of floats on the rod, with this apparatus, not only a fill level can be
determined, but also, for example, phase boundaries in the case of multiphase mixtures. A
disadvantage in the case of this method is, however that the floats are susceptible to wear. From the
publication DE 3215040,02, an apparatus for vibro - fill level measurement is known, which is
composed of a measuring tube, which is introduced into the container and excited to oscillations by a
drive lying in the interior of the measuring tube. The measuring tube is cylindrical, wherein the base is
round orelfiptical “RFAMTIRG ot pattidies HBES vt praseht aapréblem in the case of this apparatus. A
disadvantage, however, is that, for exciting the measuring tube relatively high frequencies are
necessary, V{H‘jgh C:sétlrsz);lin the r?%rbEVG and the electronic components.AdditionaIIy, only low oscillation
amplitudes are attainanle. odifents of HERRYERtIGH plevide’ &n Ritsfrigtivesapparatus for vibronic
fill level meastrement; ir the case of whichha jamaiiag of the: escillatable-unif,gr bridge building by
particles.cantained ig%h%};ge@surggﬂmediumjis %écluded, and which supplementally enables the

pge ; DATTicles 15 g s e T | AR,
determining of at least one additional process Variable Sd1aL to the distance between

the two rods of the oscillatory fork, it ocours that particles
Jam between the rods. This, too, leads to a malfunctioning of
the cscillatory fork. 2s a rule, in both cases, an error report

18 produced, which, for safety reasons, turns off the process,

A non-vibronic principle for fill level measurement of liguids
1s that wherein a rod is introduced into the container. The rod
protrudes far into the container, and which is provided with &
plurality of so-caliled floats. The floats then arrange

Themselives at & determined height corresponding Lo f£ill
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the liguid.

bue to the application of a plurality of floats on the rod, with
this apparatus, not only a fill level can be determined, but

also, for example, phase boundaries in the case of multiphase

mlxtures. A disadvantage in the case of this method 15, however
that the floats are suscentible to wear.

From the publication DE 3215020 C2, an apparatus for vibronic

fill level measurement is k

o]

own, which is composed of a

measuring tube, which is introduced into the container and

4

®cited To oscillations by a drive iying in the interiocr of the
measuring tube. The measuring tube is cylindrical, wherein the
b

1}

se is round or elliptical. A jamming of particles does not

e

resent a problem in the case of this apparatus. 2

disadvantage, however, is that, for exciting the measuring tube,

H

elatively high frequencies are necessary, which strain the
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According to an aspect of the present invention, there is provided a multivariable sensor for
determining and/or monitoring at least one predetermined fill level and density and/or viscosity of a
liquid in a container, comprising a measuring tube provided in the container, wherein the measuring

tube has; atleagta firstipscillatable-segment-and shsaeand osciliaiaple sggment, whergin thesw
oscillatable segments have a cross sectional, ar%a1 geviating from a circularly round shape and at least

one sf&ight side RhaFEh: BAEER ifker {alorthe Sscillatable segments, driver/receiving units are

placed, which cause the oscillatable segments to execute resonant oscillations, and wherein at least

one cepirglievalyation enitisorovided, which svaluates fiequency.and/orphass.andioramplitude of

the oscillations, and determines therefrom reaching of a predetermined fill level and density and/or
viscosSTRPEAREliquid L In 8o diRfeits BIIARE preBent mventidnthe8ppardtus HES-E n&as iy tube,
whichds ditradteed éntathe containei die nveasuring tube hesratileassta firstostillstable ségment and

a SeC%%%g&%@tameeﬁﬁgm%@t: thessillatable seqments have a ciass seetignal area deviafipg from a

circularly round shape, on the inner wall of the oscillatable segments, driver/receiving units are placed,
whichdehSen e BB Rlatable 88§mets 1BBXectteesBhantssciiafions and at least one

control/evaluation unit is provided, which evaluates frequency and/or phase and/or amplitude of the

OSci"az&@éﬁﬁgg?ggg rmaines therefrorp reaching of a predefermined fill jevel aﬁg_%@gyygaé@/gr

viscosity 0 . An advantage of the mulfivariable sensor is that both runnln“% ry protection as

well a8'EIE6 GVeHIGWDreRREioh caRthe CHABTREWIN oARCERE dBRa By Hfotilatds& sedhfent being
formed-eespeactively OrF the engwefithermeasudngtubedrear thescontainerdioos anthondherend of the
measuring tube near the lid. It is also possible .to rotvi an, additional ascillatable segment in the
IS O e Ao T & etk i 1 R o agbicn o i Coah car e
determimetEdra preusisifigpghes carbtalkedslacs. If Fof example the SRfthing ety HoeREBA &arm

signalg-andthe siddie segmend st displayaaediumhanerorisdhen presentibw thermere: ll level
can b% monitored with one of the segments while a furtr}_er segment seryes for determining density of
e ? ﬁ%oss se?tlona %fa dev1atlnﬁ om c%rcu ar % rouna s e
the meditum. In the' €asé of meastred OF known dens y, Viscosity of the medium is moreover
determimdbletwitheesé ostitlatablkeseiinent Fhus “itrrgpparafis adipet @pModitaehtsY théfvention
involvgs & miltivariable senser sWhigh: enables the.determining of adarge.aumber:of processyariables
with only one measuring device. This is es eciallx advanta%eous, since onlgﬂ'ne process corgpection
isreq&%&i oscillatable segments o eXecute escnant osc ations, an
wherein at least one control/evaluation umit is provided, which
evaluates freguency and/or phase and/or amplitude of the oscillations,
and determines therefrom reaching of a predetermined £ill1 level and

density and/or viscosity of the liguid.

In embodiments of the present inveﬁtion, the apparatus has a measuring
tube, which is introduced intc the container, the measuring tube has
at least & first oscillatable sgegment and a second oscillatable
segment, the oscillatable segments have a cross sectional area
deviating from a c¢ircularly round shape, on the inner wall of the
oscillatable segments, driver/receiving units are placed, which cause

the



Due to the shape of the oscillatable segments deviating from a cylindrical shape and having at least
one flat lateral surface, these oscillatable segments can be excited to oscillations with smaller
frequencies, whereby large oscillation amplitudes can be achieved. A further advantage of the
multivasiable sens0t as perambodiments of the inventionds the oppertimity fomapplicationafradditional
sensors. If, for determining various process,variables, independent devi In

introdtié&d M8 e Q‘?\Y«é?ﬁéﬁ: A%orreSponding rﬁjlfﬁgéé o éonﬁ%&%nseggﬁgééésﬁgpﬁac%?r%ast to
this, intkié casebhimtegratidnof Sensorsee detérmiting Brecdédnéd PrécessVarialsies i thes
measuringdube, jUSLORE GNNEEOL Opeaing-iathe-centainer suffices. Rorexample: besidesdhe
oscillatable segments for vibronic fill level measurement, also a temperature sensor and at least one
pressh’?eg‘égﬁégycgﬁ B&*Blaced'dh the measuring tube.In such case, the position of the sensors is
dependent on the respective application.If, for example, the temperature of the medium should be

determiped sin,arder fo gbtain,a reliable meagwed valug.dhe temperaturesensenmsidedecated at a
position, which is covered b)r(thhe medium. If a running dj_[yc/)é)rotection is of concern tg:tfae r\peahsuring

devicETP e/ b8Ths&imEa thattfie Bhdte BRTOHAE NReaSTHig Tibe R continually covered with
mediwn] $o thahthe témperature sgnsoznin this cases istbeést plasethfmthis érid regiont Gadsure that
the pressure sensor detgrmipgs the processpressigitis preferably plaged inthe upperregion, near
the connection of the measur(ii\rilg tube to the container. It is likewise thinkable thatza pressure sensor is
placed 1EpedRdellinthe I6Wer 2hdiHhBIHPE regione st fishealliring fube, or th&t the Sressure
sensitpselementsof prpresstre diffetence seasorare atrangetkin thetewer and tbpemfeljions of the
measuing tybe, and (h presslis ditierengels deterined, This,pressyie gifatence s propgjtional to
the hydrostatic pressure ofthe liquid In the container, so that fill level of the liquid is continuaIQ/
deterriffablé sherefrbpt L level can be determined or a plausibility query ca

take place. If, for example, the
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In a first embodiment of the invention, the oscillatable seyrnents have a cross sectional area, which is
oval, elliptical or polygonal with an even number of sides, of which, in each case, two sides are parallel
to one another, or the oscillatable segments have an essentially oval or elliptical basic form with two
parallel sides, The-symymstic shape is necessapnfordhe;purpese otdecouplingdhe.oscillatory system.
However, measuring tubes are also thinkable, in the case of which a (%ecoupling i% n]?lt a?soILﬁter
necesSaTy GHEe BAR &Ml TuBing effetts oittr, FHE it sittATibRIA TRE Tass of osciiitable
segmeants, whichdraveraddwwmass ioneongdarison teeightieringrintésmediateseymre s cirean
alternatiye embadiment, the cross sectiongl ajeais.copsequentlys preferably-avalonellipticals with a

straight side. The oscillatable segments then have only one flat, lateral surface, which is excited to
oscill &onE R difveHrEcsiving GRR3FHY croSs $o&ioREFarsh ch thenSHi¥s be APEHTORWith an
unevest Bimfyes of sides.:Duble themtdeast oreflai, laterabsudace uthestiffresscofth@ioscitlatable
segmght i%ﬁgd%%%ﬁ&doﬁl rthepmopesthe ingtalation of he d@\é%fé@ﬁeiwﬁg upit is fagilitated, The

lessened stiffness of the oscillatable segment as compared to a cylindrical tube segment has the result
that tHEHBEUEREYheCdssary IS ESoRATESRCItiRG oPHRFGEEIIAABPSEGMentis fowdt o (it the
electrepigseprmpenentsiand the drver/regceivingadriit alg expnsed tgsmaller loadirgsool @ lawspower
consumotioré occurs. Fyrthermare, due to the low frequencies, maximum oscillation amplitudes are
reached. All oscilfatable segments preferably have the same shape. Segments lying between the
oscillatable segments are preferably embodied with circular cross sections. The oscillatable segments
then haue ceaneeias regigrps, inorhicththe differenk cress:sections:are adapteddorene snethes In a
furthe{: e 1?10 r'_[anea']_Lt of tge mtgllltllgagggllenseréscorg tgg_lré\ﬁ%ntlgfa the_=L m%%%lirlnsql@paechgs @_ﬁ{lﬂ%%st three
segmeH s Wherein af [64St two segmem% are embodied as osmﬁata%?e segments, wherein at least one
segmentislémbotied ascandmermadiate Begrisht iath atdrcdlafy rbtint e ssdédtioRararesrand
wherein e oseillatablg-aagmpenis havedransitian regians, whichserve-foradaptingthe shape of the
cross sectional area of the at least two oscillatable segments to the circularly round cross sectional

area of the at least one intermediate segment. In a further embodiment of the invention, the
A further advantage of the multivariable sensor as per embodiments of

the invention is the opportunity for applicaticn of additional

gensors. If, for determining wvarious process variables, independent
devices are 1in each case introduced into the container, a
corregponding number of connections are necessary. In contrast to

thig, in the case of integration of sensors for determining the
desired process variables in the measuring tube, Just one connector
opening in the container suffices. For example, Dbesides the
oscillatable segments for wvibronic f£ill level measurement, also a
temperature sensor and at least one pressure sensor can be placed on
the measuring tube. In such case, the position of the sensors is
dependent on the respective application. If, £for example, the
temperature of the medium should be determined, in order to obtain a

reliable measured value, the tempsrature



longitudinal axes of the oscillatable segments and the longitudinal axes of the intermediate segments
lie on a shared line. In alternative embodiments, the oscillatable segments are at least partially
eccentrically arranged. This can be required, for example, when an impediment, which must be

bypasseds is-lasated in the.cantainer: In afusther embegiment of theraethod9f thednveation.. the
driver/receiving unit is aﬁiezoelectriq drive.Thisf is placed sy@meﬁricallg/ on the innder wall of tr%e
oscilldthbfe SEGHERE THEYIBZSSREHE drive i€ prefefabiy nibodied 4% 4 stack drive. In the case of an

additioral emboeimestofthe inventiortithe griver/recEiving @it isTembodisd:assn efedirodyysamic
drlve-JA}&gﬂxglei?mea%%me@eﬁtrq@mmlc drive afgelactromagnalicelectrostatic of in
r

magnetostrictive drive elements. The electrodynamic drive is placed on the inner W&%:| of the

oscilldtable s&tjifient fh 2 Ritther ebodiffent 6t theSAdertft Enumbér ke eldmhts afe
arranged gairvdsesem the inder wail:afthe okeillatablecsegnents omeppositely fyingrsidesdf e

oscillatable. segment,and symmetically, with fespect tadhedengitudipal axs ofdbe.oscillataple.
Seglnggt'the container. It is likewise thinkable that a pressure sengor is
placed, respectively, in the lower and in the upper regions of the
measuring tube, or that the pressure sensitive elements of a pressure
difference gensor are arranged in the lower and upper regions of the
measuring tube, and the pressure difference 1s determined. This
pregsure difference is proporticnal to the hydrestatic pressure of the

liquid in the container, so that £ill 1level of the liquid 1is

continually determinable therefrom.

In & first. embodiment of the invention, the oscillatable segments have
a cross sectional area, which is oval, elliptical or polygonal with an
even number of sides, of which, in each case, twe sides are parallel
to one another, or the oscillatable segments have an essentially oval
or elliptical basic form with two parallel sides. The symmetric shape
is necessary for the purpose. of decoupling the oscillatory system.
However, measuring tubes are also thinkable, in the case of which a

decoupling is not absoclutely necessary, since only small coupling

effects occur. This 1g the situation in the case of oscillatable
segments, which have a low mass in comparison to mneighboring
intermediate segments. In an alternative embodiment, the cross

gecticnal area 1is, conseguently, preferably oval or elliptical, with a
straight side. The oscillatable segments then have only one flat,

lateral surface,



In an additional embodiment of the invention, the drive elements of the driver/receiving units are
placed on the inner wall of the oscillatable segments in such a manner that two oppositely lying sides
of the oscillatable segments execute opposite phase oscillations. A further embodiment of the

multivariable senserof the inventiondnciudes the feature that ademparaturensenset is plaged on the
measuring tube in such a manner that jt does not impede the oscillations of the oscillatabl%gggments.

For ef&mte, IGwRdge GFR@ refdhing TBmpefRirs i nBEaSSSH 107 deteding Sccretion Tormation or
for densityirdeasurement. By mounting the temperature sensor on the measuring tube, no separate
measuring device is necessary. This saves an additional flange or connection. Additionally, the
measurement data of the temperature sensor can be processed with the data of the oscillatable

segmBhfs iha $Hisredconfrofievaltiatidn tnit. AuRRT eftBddiffent bPthenvertionprotvidedthat the
measuengiubedids atleast one pressurecsensamEof pressurponeastrement; sepessure sehsor is

prefergbly placed on the lower end of the measpring.tube protiydingdato. thescontaingy. Brefgrably, two

pressure sensors or the pressure sensitive elements of a pressure difference sensor are arranged in
respeEhife @RTFEGOAE BT s MERSUMTy B as thdthrasSure diffetEade fetRtdinTRable. Bie to the
relationgship-between psessttie dffferenceandhydeastatic pressuseciusienalslesdontinudusHil level

measurement. A fyther embodiment,of the inventian, lies i features hat the measyringtube nas wo
oscillatable segments, which are spaced apart from one another by an intermediate segment, and
whichtice abk s have o dRverfeteivitiF ufKRRRRA catisE8 e to Bttts Dsciflatichsl Gfid that

the measuingBihaisgmasehes-inlength ang-impesition, of the oseillatableisegnienigierthescontainer in
such a manner @saéit%‘iiﬁ%%s%{!&%@é%&%r%%%t detects.a maximal fill leyeland {he second
oscillatable segment detects a mimimum fill level. In an example of an embodiment, it IS provided that
the preferably have the same shape. . Segments lying between the
oscillatable segments are preferably embodied with circular cross
gections. The oscillatable segments then have connector regions, in

which the different cross secticns are adapted to one another.

In a further embodiment of the multivariable sensor of the invention,
the measuring tube has at least three segments, wherein at least two
segments axe embodied as oscillatable segments, wherein at least one
segment is embodied as an intermediate segment with a circularly round
cross  sectional area and wherein the oscillatable segments have
transition regionsg, which serve for adapting the shape of the cross
sectional azrea of the at least two osgillatable segments to the
circularly round cross sectional area of the at least one intermediate

segment .

ITn a further embodiment of the invention, the



measuring tube has at least two oscillatable segments, which are spaced apart from one another by
an intermediate segment, and which in each case have a driver/receiving unit, which causes them to
execute oscillations, and the measuring tube is matched in length and in position of the oscillatable
segments; 1@ the contaiparin Spich admaeer thatiased asmthe:-escillationsef thengscillatatie
segments, the control/evaluation unit determined density and/or viscosi e ium at different
predet&ffingdf heigitts. Aﬁ%ﬁr&eéyrﬁ%%%imgﬁgronﬁﬁg in?/ie}l/ﬁion%jés i% th%%%%%at%%e%dontrol?é%aluation
unit saittessivelyractivatesdintrsads obbthe drveH tecabiky umBIBEIHES 0séiflataié sedfidits and, in

given gases, additionally placethsensorsnaad determigesdhe respesiiveduaressatabiesi df, for
example, two oscillatable segments are provided to(g3 dekt)erminin%a m:iiréimulrg a&%g m%img}lgll level

and f8Fa8teriining BERSTSOF the Te&Surdd Redilim, a& Well s an infermediate segment with a

temperaiteei semsor, and if a pressure measuring cell is arranged in the end region of the measuring
tube, the control/evaluation unit then successively determines the variables "maximum fill level
reached?", "density 1", "current temperature”, "minimum fill ev%lgea%téed?"ir';g]gggit 2" and "current

pressiife” i a S8qhBREe niAkASH O the Stoces8or it %tf)lrcé eterminé &' inventi

esequence. e’invention will
now berexplaineddn-greatendstail ars the basis of¢he appendettdrawing, theifigures oPWEEF show as

fO"OWsS mlrfrlr%t]f% CI:’QHPE\/( ar@'plecﬁgn S?ltll(?é {'hew'ng nt@ V\L,'Hé MOscillatable se gment. The

piezoelectric drive is preferably embodied as a stack drive.

Tn the case of an additional embodiment of the invention, the
driver/receiving unit is embodied as an electrodynamic drive. The
drive elements of the electrodynamic drive are electromagnetic,
electrogstatic or magnetostrictive drive elements. The electrodynanmic
drive is placed on the inner wall of the oscillatable segment. In.a
further embodiment of the invention, a number of drive elements are
arranged pairwise on the inner wall of the oscillatable segments on
‘oppositely lying sides of the oscillatéble gegment and symmetrically

with respect to the longitudinal axis of the oscillatable segment.

In an additional embodiment of the invention, the drive elements of
the driver/receiving units are placed on the inner wall of the
oscillatable segments in such a manner that two oppositely lying sides

of the oscillatable segments execute opposite phase oscillations.

A further embodiment of the multivarisble sensor of the invention

inciudes the feature that a temperature sensor 1is



o_scillatable segments; Fig. laschematically, a cross section of an osc'llatable segment according to
Fig. 1 Fig. Ibschematically, an alternative cross sectional shape of an oscillatable segment; Fig, 2aa
detail view of an oscillatable segment; and Fig. 2ba detail view of an oscillatable segment, wherein the

placed on the measuring tube in such a manner that it does not impede
the oscillations of the oscillatable segments. For example, knowledge

of the reigning temperature is necessary for detecting accretion

formation or- for density measurement. By mwounting the temperature
sensor on the measuring tube, no separate measuring device 1is
necessary. This =saves an additional flange or connection.

Additionally, the measurement data of the temperature sensor can be
processed with the data of the oscillatable segments in a sghared

control/evaluation unit.

A further embodiment of the invention provides that the measuring tube
has at least one pressure Sensor. For pressure measurement, a
pressure sensor is preferably placed on the lower end of the measuring
tube'protruding into the container. Preferably, twec pressure Sensors
or the pressure sensitive elements of a pressure difference sensor are
arranged in respective end regiongs of the measuring tube, so that
pressure difference is determinable. Due to the relationship between
pressure difference and hydrostatic.pressure, thig enables continucus

fill level measurement.

A further embodiment of the invention lies in features that the
measuring tube has two oscillatable segments, which are spaced apart
from one another by an intermediate segment, and which in each case
have a driver/recelving unit, which  causes them to execute
oscillationg, and that the measuring tube is matched in length and in
position of the oscillatable segments to the container in such a
manner that the first oscillatable segment detects a maximal £iil
level and the second oscillatable sgegment detects a minimum £ill

level.

In an example of an embodiment, it is provided that the



view is rotated by 900 with respect to the longitudinal axis in comparison to the view of Fig. 2a. Fig. 1
shows a multivariable sensor with a first oscil atable segment 4, a second oscillatable segment 5 and
an intermediate segment 9. On the intermediate segment 9, a temperature sensor 11 is arranged, and
in theend.(agioy 3-afthe measwing iube?, apressyeisansale is asmnged Theosellatakie
segments 4, 5 and the_intermediate sggmer]gt 9 are,,intsuch ase, arran eggn sucg a 3macrlllnelrnthat the
longitGaMaT AxEETO of tRE o¥2filatabie Ségments 4, 5 and the fongittdmal axis LT of the intermediate
segment® lieworealsiared line iThe lengiiofithe intermedidtecsegrataes iSheatchied ®tHalimensions
of the containarinsuch amanngr thatthe.serond oscillatablg segnaent Slies atthe height, which
corresponds to the minimum fill level. The segment between flange 13 and first oscillatabh? segment 4
is chd2ef'dd PRgards it TengtRdnSutta Hanmer tHAT the fifst Sﬂsjglla‘fgﬁ%a%lgefﬁen]tﬁ SEIVes for
monitasngdhe maximalfildedeloAltenrativeety, thetlengthsodf thesparticulatsegmentssamesalected in
such @ﬁ@a%%%%ééﬂg%wéﬁi@H&EOB@{E%@' leyel s menjtorable,and furthermore, density
and/or viscosity of the medium at a determined height are/is determinable. in alternative embodiments,
other BEEiHATaAE Hhertt ar@ TRMREBIE WhAIth MrE"Aringed in the container at heights between the
minimum and the maximal fill level height, so that also fill levels lying therebetween are determinable,

or density. and/or viscosity. gf the mediym at these: pasitions are/is unigyely detgrminghle. .o

Advantageously, a second pressure sensor 12a is arranged in the upper region of the measuring tube
2 neaf e prdcEss edfhéttion 186 thafitis SEASHR I nof CovEred fittPMRdidin™ &Y d8tErmini the
difference/hetiveen the pressute seigiingraithe-site Di{heisbeond pressure sedsor 12a ghtdhe

pressure.[elgning,al e, siteof thepressure seNS0L 12 pranagd opdhelower.gnd seglon ol ine
measuring tube 2, in addition o t e simple pressure determination with the pressure Sensor 12, a
contireeRESHEIeVRT hiddsiirement is possible. Alternatively, a pressure difference sensor 121 is
arranged near the process connection, neighboring or in the housing 1 of the multivariable sensor. The

pressure sensor 12 and the second pressure sensor 12a are then two pressure sensitive elements,

e.g. intthe f(_)rjfglof membranes. ngepge;gmmat@@d;@ssw@gﬁ@a@gve g@nerﬁs@m@mplyfuﬂes (not
e SN Eo . TRy b dhe AfAHuee A8 enar oFiHE mcdeung B 2E o
density of the measured medium, as well as an intermediate segment
with a temperature sensor, and 1if a pressure meagsuring cell 1is
arranged in the end regicn o©f the measuring tube, the
control/evaluation wunit then successively determines the variables
“maximum fill level reached?”, “density 17, “current temperature”,

“minimum £ill level reached?”, “density 27 and “current pressure” in a

sequence matched to the process or in a predetermined sequence.

The invention will now be explained in greater detail on the basis of

the appended drawing, the figures of which show as follows:

Fig. 1 a multivariable sensor of the invention with two

10



In this preferred example of an embodiment, the cross sectional areas of the oscialatable segments 4,
5 are oval, with two parallel sides. A representation of the cross section of the oscillatable segment 5
in the cutting plane A-A shown in Fig. 1 is given in Fig. la. The outline of the cross section is thus like
the course of a stadium track. In alternative forms of embodiment, the cross sectional area is oval, with
only one straight side; elliptical, having at least one straight side, or polygonal, with an even number of
sides, wherein these sides are preferably pairwise parallel to one another. An example of a cross
section With-onl§ e Sr&ig R &idess presented in Fig. Ib. In the embodiment illustrated in Fig. 1 and
Fig. la, the oscillatable segments 4, 5 have, in each case, two parallel side surfaces. Preferably, in this
region, on the 'inner sid?’1 6 of the oscillatable segments 4, 5, the drive elements 71 of the
driver/réceving Unit 7 aré AfrahGl’ Buetodhe plariifty b the Sidersurfaebs ! tieastiffness of the side
surfaces ssyreduces;: sotbatsmatlertrequencies are necessary for oscillation excitement as compared
to curved surfaces. This is advantageous for the electronic components of thb apparatus of the
invention, since the power consumption is smaller, and additionally, large oscillation amplitudes can be
achievelt: Theliaternetiatessegment9 prefesdbly has @i ciecularys roung-eross sectignalarea. For
adapting the crass sectional area of the oscillatable segments 4, 5 to those of the intermediate
segment 9, transition regions 10 are provided, in which the cross sectional areas are gradually
matched to one another. In this example of an embodiment, the end region 3 of the measuring tube 2
is embadied asan intermediate segment-9 with.a ciredlarly,round cross sectional area. In alternative
embodiments, the end region 3 takes other forms or does not form a separate segment, but is instead
formed by the second oscillatable segment 5. The end region is preferably closed_ For connecting the
multivafialle s@nsor to the sontaineryacilange 434s pm@g&@n@%ggg ,tu%gr Of course, the
sensor . : . o .
view is rotated by 90" with respect to the longitudinal axis in

comparison to the view of Fig. 2a.

Flg. 1 shows a multivariable sensor with a first oscillatable
segment 4, z second oscillatable segment 5 and an intermediaste
segment 9. On the intermediate segment 9, a temperature Sensor

11l iIs arranged, and in the end region 3 of the measuring tube 2,

433

pressure sensor 12 1s arranged. The cscillatable segments 4,
2 and the intermediate segment o are, in such case, arranced in

o 3
such & manner that the longitudinal axes LO of the oscillatable

segments 4, 5 and the longitudinal axis LI of the intermediate

segment 9 lie on a shared line.

The length of the intermediate segment 9 is matched to the
dimensions of the container in such a manner that the second
oscillatable segment 5 lies at the height, which corresponds to
the minimum £ill level. The sesgment between flange 13 and first
oscilillatable segment 4 is chosen as regards its length in such a
manner thet the first cscillatable segment 4 serves for

monitoring the maximal fill level. Alternatively, the lengt

jox

L3

£ the martdend = 3
oL tne particular segments are selected in such a manner that

11



can also have a connection for an alternative type of connecting, such as, for example, a screw thread.
Presented in this Fig. only schematically is a housing 1, which is arranged above the connection,
outside of the container, and includes electronic components such as the control/evaluation unit 8.
Figs. 2a and 2h show a detail view of an oscillatable segment 4, 5 of Fig. 1. Fig. 2a shows a front view,
i.e. onto one of the flat side surfaces of the oscillatable segment 4, 5, and Fig. 2b shows a side view
rotated by 900 with respect to Fig. 2a. The drive elements 71 of the driver/receiving unit 7 are, in such
case, plateloh thellAfiérsfe® oftHelddaitdtable Segmentl4, i5: This examuile of aarembodiment
involvesfour idkiviecelements, £1 - whergin oin %%g%siea\;wgﬁr@f%r 2 Qg JII%/inagCopaposite each other on
the flat side surfaces. This number is only a preferred form of embodiment; another number of drive
elemen?jseff f4"ARE DOsEiIE. Anfigditant iS Hiatthe Afrakgemerit of the driveislements 71 on the inner
side 6 ofthe oscilatahle segment 4always accursssymmetrically. sethatthe numper of drive elements
71is even TQgrda@yee%erinnen;%gl arepreferqblg/‘wpiezqelectric elements, wherein, in an embodiment,
the drive elements also serve for receipt of te d5ciffSisH SignaRt i ah aifetnativelerbosiment, drive
elementsgremprovided, Which balyederve fohthe driving of the escillatable segment 4 apd receiver
elements. arg | ich rve for the receipt of the oscillation signals of the oscillatable
segmerfis{f %ﬂ%@fgglﬁuﬁ% c%%'\%? %eégﬁl]gr?geﬂnict) gaﬁp Bqually bd embBodied 4 s birtofph drive or as a
stack divé AGWevEr, Madriciéstriefive “dlectrostatic o electromagnetic-drive elements 71 are also
thinkable; Thewrsangament af thedrive glements 21ds o such, gase, selected in such g manner that
the sides, on which they are applied, execute opposite phase oscillations with the réSonaiice
frequency ot the BScifiatable Egﬁnf@%%ﬂ?ﬁ? TP the &selof the coveringoratdeast partial covering of the
oscillatahle:segment A, Sawith liguidmediumsthe oseillationdrequency s reduced for reagons of the
increas%%mqﬁ\{rgdnrinﬁss TQis c,hta%ge is, for example, getected by the same piezoelectric elements,
which also form the drive elements 71~ Ch e 558 of tHis réceived Sigriat shelcbnirol/ebaluation unit
8 produgés a svitcting signal dwhichsndicates-the-free ok caveredrstaterefthe respective cscillatable
segment4,.5, In g@teemggdl!;@%ntbpggeqlgn thgnogcillagggls of the oscillatable segment 4, as well as the
information concerning fill level gained with the '0sGillatablé SEgHRETL 57 thé ControifévalGation unit 8
ascertaifs?other prodess varabies such aselensity andf viscosityoViscosiy ig-peeferably determined
according da one:0fdae mgthoge described in Y1O.2009037050 Al o1 DE 10050290 Al On the basis o
these considerations, viscosity determination occurs, for example, by excitation to resonant oscillations
being bfiefly intEHGptéi-aTd & Batay EoRstant Béing evaliareds bi by Imeans pkadrequency-phase
diagramiiDensitniseas adide; determined:hy evaluating the gscillation frequency. The higher density
of the r@l%qiug]é)tng lower is the resonance frequency, so that a change in density of the fedium can
be ascertained from a change in the TE85HaITce fréquenty. Fot thig2Rowaver, 58 fretessary to assure
that a cHange i the:oscillationfrequeneyiis:to-be atttibuted:te a-change density and not to a change in
fill level, Wit appar f the invention, this is directly possible, since density is determinable with
the oscﬁlg%i)lglg%g%ggng%ifgaﬁg%ﬁ é? é‘igw%?ﬁ%%% iH the: Eonthiher \whilé Witk the oscillatable
segmefteoranes.  Connected with the pressure sensitive elements are

supply lines (not shown), which supply the pressure acting on
the particular pressure sensitive element to the pressuzre
difference sensor 121. The supply lines are arranged in the

interior of the measuring tube 2.

In this preferred example of an embodimant, the cross sectional
areas of the oscillatabie segments 4, 5 are oval, with two
parallel sides. A representation of the cross seccion of the
oscillatable segment 5 in the cutting plane A-A shown in Fig. 1
is given in Fig. la. The outline of the cross section is thus

e L
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arranged further above in the container, fill level can be monitored_. So long as the oscillatable segment
4 is covered by medium, density or viscosity can be determined Wlth thg oscillatable segment 5
arranged below. In an embodiment, a third oscillatable segment is provided, so that dgnsny and
viscosity are determinable in each case with a separate oscnlatable_ segment. Alternatively, the
control/evaluation unit 8 is embodied in such a manner that the oscillatable segments 4,5 are
differently excitable, or their oscillations are correspondingly e\{aluable, asa function of the process
variable'toBe Heferfitied = LRE of Ridtartiiee CRaatters Thoasing measuringrtube8end region of the

measuring-ttberdfitst oscillatablessegment oral area is oval, with only one
straight side; elliptical, having at least one straight side, or
polygonal, with an even number of sides, wherein these sides are
preferably pairwise parallel to one another. An example of a
cross section with only one straight side is EPresented in Fig.
lb.  In the embodiment illustrated in Fig. 1 and Fig. la, the
oscillatable segments 4, 5 have, in each case, two parallel side
surfaces. Preferably, in this region, on the inner side 6 of
the oscillatable segments 4, 3, the drive elements 71 of the
driver/recesiving unit 7 are arranged. Due to the planarity of
the side surfaces, the stiffness of the side surfaces is
reduced, so that smaller frequencies are necessary for
oscillation excitement as compared to curved surfaces. This is
advantageous for the electronic components of the apparatus of
the invention, since the power consumption is smaller, and
additionally, large oscillation amplitudes can be achieved. The
intermediate segment 9 preferably has a circularly round cross
sectional area. For adapting the cross sectional ares of the
oscillatable segments 4, 5 to those of the intermediate segment
2, transition regions 10 are provided, in which the cross

sectional areas are gradually matched to one ancther.

In this example of an embodiment, +the end region 3 of the
measuring tubke 2 is embodied as an intermediate segment ¢ with a
circularly round cross sectional area. Tn alternative
embodiments, the end region 3 takes other forms or does not form
2 separate segment, but is instead formed by the second

oscillatable segment 5. The end region is preferably closed.

For connecting the multivariable sensor to the container, a

flange 13 is placed on measuring tube 2. Of course, the sensor

13



5second oscillatable segment 6inner side of an oscillatable segment 7driver/receiving unit 71drive
element 8control/evaluation unit 9intermediate segment 10transitional region

can also have a connection for an alternative type of
connecting, such as, for example, a screw thread. Presented in
this Fig. only schematically 1s a housing 1, which is arranged
above the connection, outside of the container, and includes

electronic components such as the control/evaluation unit 8.

Figs. Za and 2b show a detail view of an oscillatable segment 4

1,
o of Fig. 1. Fig. Za shows a front view, i.e. onto one of the
flat side surfaces of the oscillatable segment 4, 5, and Fig. 2b
shows a side view rotated by 90° with respect to Fig. Za. The
drive slements 71 of the driver/receiving unit 7 are, in such
case, placed on the inner side 6 of the osciliatable segment 4,
5. This example of an embodiment involves four drive elements
71, wherein, in each case, two are arranged lying opposite each
other on the flat side surfaces. This number is only a

preferred form of embodiment; another number of drive elements

[

71 is also possible. Important is that the arrangement of the
drive elements 71 on the inner side 6 of the oscillatable
segment 4 always occurs symmetrically, sc that the number of the

drive elements 71 1is even.

The drive elements 71 are preferably piezoelectric elements,
wherelin, 1in an embodiment, the drive elements alsc ssrve for
receipt of the oscillation signals. In an alternative
erbodiment, drive elements are provided, which only serve for
the driving of the oscillatable segment 4, and receiver elements
are provided, which only serve for the receipt of the
oscillation signals of the oscillatable segment 4. The
plezoelectric driver/receiving unit can egqually be embodied as a
bimorph drive or as a stack drive. However, magnetostrictive,
electrostatic or electromagnetic drive elements 71 are also

thinkable. The arrangement of the drive elements 71 is, in such

14



11temperature sensor 12pressure sensor 12a second pressure sensor _121 rela_tive pressure sensor
13flange LOlongitudinal axis of an oscillatable element Lllongitudinal axis of an intermediate element

case, selected in such a manner +that the sides, on which they
are applied, execute opposite phase oscillations with the
rescnance freguency of the oscillatable segment 4, 5., In the
case of the covering or at least partial covering of the
oscillatable segment 4, 5 with liguid medlium, the oscillation
frequency 1s reduced for reasons of the increased moved mass.
This change is, for example, detected by the same piezocelectric

elements, which also form the drive elements 71.

On the basis of this received signal, the control/evaluation
unit 8 produces a switching signal, which indicates the free or
covered state of the respective oscillatable segment 4, 5. In
an embodiment, based on the oscillations of the osciliatable
segment 4, as well as the information concerning £1i11l level
gained with the oscillatable segment 5, the control/evaluation
unit 8 ascertains other process variables such as density and/or
viscosity. Viscosity is preferably determined according to one
of the methods described in WC 20039037050 Al or DE 10050298 A1,
Cn the basis of these considerations, viscosity determination
occurs, Tor example, by excitation Lo resonant cscillations
being briefly interrupted and the decay constant being
evaluated, or by means of a frequency-phase diagram. Density
is, as a rule, determined by evaluating the oscillation

freguency. The higher density of the medium, the lower is th

[

resonance frequency, so that a change in density of the medium
can pe ascertalined from a change in the resonance frequency.
For this, however, it is necessary to assure that a change in
the oscillation freguency is to be attributed to a change
density and not to a change in fiil lsvel. With the apparatus
of the invention, this is directly possible, since density is
determinable with the cscillatable segment 5 arranged at a lower

neight in the container, while, with the oscillatable seqgment 4
g .
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Patent Claims |. Multivariable sensor for determining and/or monitoring at least one predetermined fill
level and density and/or viscosity of a liquid in a container, comprising a measuring tube (2) provided
in the container, wherein the measuring tube (2) has at least a first oscillatable segment (4) and a
second oscillatable segment (5), wherein the oscillatable segments (4,5) have a cross sectional area
deviating from a circularly round shape and at least one straight side, wherein, on an inner wall (6) of
the oscillatable segments (4,5), driver/receiving units (7) are placed, which cause the oscillatable
segmerts{&5) 30 exetute resonaRE osBillaiicns AncPwherein t least eFie tontrol/evaluation u(8) is
providedowhich-evaluates freguency and/os phase and/ar.amplifyde of the pscillations, and determines
therefrom reach of a predetermined fill level and density and/or viscosity of the liquid. 2. Multivariable

=

sensor 35 claimed M clainy | Whereh e o¥ciiAfabRe sEGrhants (2es) favda diéss sectional area,
which is evall ellipticakorspolyganalwith asremen aumber of sidesofwhich; in-each gase, two sides
are parallsl.tg one anather, gr wherein the oscillatable segments (4,5) have an essentially oval or
eIIiptica?basic form With two p%réslfeq%%leé.*s PROVLHEd) S0 t(Da_“ denmsity and

viscosity are determinable in each case with a separate

oscillatabie segment. Alternatively, the control/evaluation
unit 8 is embodied in such 2 manner that the oscillatable
segments 4, 5 are differently excitable, or their oscillations
are correspondingly evaluable, as a function of the process

variable to be determined.
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3. Multivariable sensor as claimed in at least one of the preceding claims, wherein the measuring tube
(2) has at least three segments (4,5,9), wherein at least two segments are embodied as oscillatable
segments (4,5), wherein at least one segment is embodied as an intermediate segment (9) with a
circularly round cross sectional area, and wherein the oscillatable segments (4,5) have transition
regions (10), which serve for adapting shape of the cross sectional area of the at least two oscillatable
segments (4,5) to the circularly round cross sectional area of the at least one intermediate segment
(9). 4. Multivariable sensor as didififed® &sfe3anherdihiongitaiisal axes (LO) of the oscillatable
segments (4,5) and longitudinal axes (LI) of the intermediate segments (9) lie on a shared line. 5.
Multivarianie sensor as claimed in at least one of the preceding claims,

1

housing

]

measuring tube

3 end regiocn of the measuring tube
4 first oscillatable segment

5 second cscillatable segment

6 inner side of an oscillatable segment
7 driver/receilving unit

71 drive element

8 control/evaluation unit

9 intermediate segment

1 transitional region

11 temperature sensor

12 pressure sensor

l2a second pressure sensor

121 relative pressure sensor

i3 filange
LO longitudinal axis of an oscillatable element
LI longitudinal axis of an intermediate element
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wherein the driver/receiving unit (7) comprises piezoelectric drive elements (71). 6. Multivariable
sensor as claimed in at least one of claims 1- 4, wherein the driver/receiving unit (7) comprises
electromagnetic, electrostatic or magnetostrictive drive elements (71). 7. Multivariable sensor as
claimed in claim 5 or 6, wherein, on the inner wall (6) of the oscillatable segments (4,5), a number of
drive elements (71) are arranged pairwise on oppositely lying sides of the oscillatable segment (4,5)
and symmetrically to the longitudinal axis (LO) of the oscillatable segment (4,5). 8. Multivariable
sensor as claimed in - least one of claims 57

Patent Claims

-

1. Multivariable sensor for determining and/or monitorin

at

R

least cone predetermined £ill level and density and/or viscosity
of a2 liguid in a container, comprising a measuring tube (2}

provided i

5

the container,

whereln the measuring tube (2) has at least a first oscillatable

b

-

segment {4) and a second cscillatable segment (5),

f".l.

wnerein the oscillatable segments (4,5) have a cross sectional
area deviating from a circularly round shape and at least one
straight side,

wherein, on an inner wall (&) of the oscillatable segments
(4,5), driver/receiving units (7) are placed, which cause the
oscillatable segments (4,5) to execute resonant oscillations,
and wherein at leasti one control/evaluation unit (8) is
provided, which evaluates freguency and/or phase and/or
amplitude of the oscillations, and determines therefrom reaching

cf & predetermined f£ill level and density and/or viscosity of

2. Multivariable sensor as claimed in claim 1, wherein the

oscillatable segments (4,5) have a cross sectional area, which
is oval, ellipticel or polygonal with an even number of sides,
of which, in each case, two sides are parallel to one another,
or wherein the oscillatable segments (4,5} have an essentially

oval or elliptical basic form with two parallel sides.

3. Multivariable sensor as claimed in at least one of the

wherein the measuring tube (2) has at least three segments

(4,5,8), whersin at least two segments are embodied as

18



wherein the drive elements (71) of the driver/receiving units (7) are placed on the inner wall (6) of the
oscillatable segments (4,5) in such a manner that two oppositely lying sides of the oscillatable
segments (4,5) execute opposite phase oscillations. 9. Multivariable sensor as claimed in at least one
of preceding claims, wherein the measuring tube (2) is closed on the end region (3) located in the
container. 10. Multivariable sensor as claimed in at least one of the preceding claims, wherein a
temperature sensor (11) is placed on the measuring tube (2) in such a manner that it does not impede
oscillatiSRs bt te-65cifatbi€sdents @, 5). 1¢ Mritivatiable s6iseras claimed in atleast one of the

precedingictaimss wherein thedaeasuring tube-(2)das at deast.one presswre senspr (12),0ra relative
pressure sensor (121). 12. Multivariable sensor as claimed in at least one of the preceding claims,
Cross sectlional area, and wherein the oscillatable segments
{4,25) have transition regions {10}, which serve for adapting
shape of the cross sectional area of the at lsast two

oscillatable segments (4,5) to the circularly round cross

sectional area of the at least omne intermediate segment (9).

4. Multivariable sensor as claimed in claim 3,
wherein longitudinal axes (LOY of the oscillatable segments
{4,5) and long:itudinal axes (LI} of the intermediate segments

(8} lie on & shared line,

5. Multivariable sensor as claimed in at least one of the

§s;

receding claims,

whnerein the driver/receiving unit (7) comprises piezocelectric
drive elements (71).

Multivariable sensor as claimed in at least one of claims i~

L

wnereln the driver/receiving unit (7) comprises electromagnetic,

electrostatic or magnetostriciive drive elements (71).
7. Multivariable sensor as claimed in claim 5 or 6,

wherein, on the inner wall {6} of the oscillatable segments
(4,52), & number of drive elements (71) are arranged pairwise on
oppositely lying sides of the oscillatable segment (4,%) and
symmetrically to the longitudinal axis (LO) of the oscillatable

segment {(4,5).

8. Multivariable sensor as claimed in at least one of claims 5-



wherein the measuring tube (2) has two oscilla able segments (4,5), which are spaced apart from one
another by an intermediate segment (9), and which in each case have a driver/receiving unit (7), which
causes them to execute oscillations, and wherein the measuring tube (2) is matched in length and in
position of the oscillatable segments (4,5) to the container in such a manner that the first oscillatable
segment (4) detects a maximal fill level and the second oscillatable segment (5) detects a minimum fill
level. 13. Multlvarlable Sensor as claimed  in at least one of the precedlng claims, wherein the
measufiRg tibe'(2) Has At i184st tm%“ffg&ﬁatame’ sEgments @%5)Y fwhicte a%lé’pé)é%d*ﬁp&ﬁ from one
another By amﬂetemmd@eaegmmh(ﬁj;mdmhmh i jeach case have a dsiver/receiving unit (7), which
causes them to_execu SC|IIat|on and wherein the _measurl tube 2)l|s atched in ength and in
position of the osonrC fe segments (4,5)6 the container -in Sgl}%% a mar?her}izl%gtg baded on the
oscnlatl@flsdf%h@@SGMaﬁM@éegﬁm@m,S), the Tontrelevalnatiom uniti(8) determines density and/or
viscosity.of the medjum at different predetermined heights. 14. Multivariable sensor as claimed in at
least one of the preceding claims, wherein the control/evaluation unit (B) successively activates and
reads out the driver/receiving units (7) of the osuillatable segments (4,5) and, in given cases,

additionally plaged sensarsid15L2); and determings the respective process variables . q:
claims,
wherein the measuring tube {2) is closed on the end region (3)
located in the container.
10. Multivariable sensor as claimed in at least one of the
preceding claims, .
wherein a temperature sensor (11) is placed on the measuring
tube (Z} 1n such a manner that 1t does not impede oscillations

of the oscillatable segments (4,5).

11, Multivariable sensor as ¢lalmed in at least one of the

preceding claims, wherein the measuring tube (2) has at least

12, Multivariable sensor as claimed in at lesast one of the
receding claims,
wherein the measuring tube (Z) has two oscillatable segments

(4,2), which are spaced apart from one another by an

intermediate segment {9), and which in each case have a
driver/recsiving unit (7), which causes them to execute
oscillations, and wherein tThe measuring tube (2} is matched in

el
(E

length and in position of the oscillatable segments (4,5) o the
contalner Iin such a manner that the first oscillatable segment
(4) detects a maximal fill level and the szecond oscillatable

segment {5} detects a minimum fill level.
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MULTIVARIABLE SENSOR FOR DETERMINING AND/OR MONITORING FILL LEVEL AND
DENSITY AND/OR VISCOSITY OF A LIQUID IN A CONTAINER Abstract The invention relates to a.
multivar able sensor for determining and/or monitoring a predetermined fill level and density and/or
viscosity of a liquid in a container. The sensor comprises a measuring tube (2) provided. in the
container, wherein the measuring tube (2) has at least a first oscillatable seament (4) and a second
oscillatable segment. (5), wherein the oscillatable segments (4,5) have a cross sectional area
deviating from a circularly round shape and at least one straight side, wherein on an inner wall (6) of
the oscillate:Rele segments (4,5 diiver/receiving: ynits (7), arg: placed: which cause,the oscillatable
segments (4,5) to execute resonant oscilladions, and wherein at least one control/evaluation. unit (8) is
providet; whit e\%lﬁitaes“fﬁéquency and/or phase and/or amplitude of the oscillations and determines
therefronh eeaching iof the: peedetermineddill leveland density:and/ewvissesity ofthe-liguid. -

segments {4,9), which are spa apart from one another by an
intermediate segment (9), and which in each case have a
driver/receiving unit (7}, which causes them to execute
cscillations, and wherein the measuring tube (2) is matched in
length and in position of the oscillatable segments (4,%) to the

container. in such a manner that, based on the oscillations of

“+

he cscillatable segments (4,5), the control/evaluation unit (8)

s

eternines depswby and/or viscosity of the medium at different

predetermined helghts.

14. Multivariable sensor as clazimed in at lsast one of the
preceding claims,

wherein the control/evaluation unit (B) successively activates
and reads out the driver/receiving units {7} of the oscillatable
segments (4,5) and, in given cases, additionally placed sensors

(12,12}, and determines the respective process variables.



MULTIVARIABLE SENSOR FOR DETERMINING AND/OR MONITORING FILL
LEVEL AND DENSITY AND/OR VISCOSITY OF A LIQUID IN A CONTAINER

Abstract

The invention relates to a multivariable sensor for determining
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and/or monitoring a predetermined f£ill level and density and/or

L

viscesity of & liguid in 2 container. The sensor comprises &

measuring tubs (2} provided in the container, wherein the
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a
and a second oscillatabie segment (5}, wherein
segments (4,5) have a2 cross sectilonal area deviating from a

circularly round shape and at least one straight side, whereln

on an inner wall (6} of the oscillatable segments (4,3},
driver/receliving units {7} are placed, which cause the
oscillatable segments {4,535 o exacute resonant oscillations,
and wherein at least one control/evaluation unit (8 iz

provided, which evaluates freguency and/or phase and/or
ampliitude of the oscillations and determines therelfrom rsaching

of the predetermined fill level and density and/or viscosity of

3

o L



