MDLTIVARIABLE SENSOR FOR DETERMINING AND/OR MONITORING FIL.L LEV_EL AND
DENSITY AND/OR VISCOSITY OF A LIQUID IN A CONTAINER The present mvermon relates to an
apparatus for determining and/or monitoring a predetermined fill Ie\./el'and the density and/or the .
viscosity of a liquid in a container. For fill level measurement of a Ilqt_ud or a bulk good_ in a container,
so-called oscillatory forks are frequently used. In such case, there exist a number of dlffe_rent forms of
embodiment, which differ mainly in the shape and length of the oscillatory fork. Such oscillatory forks

re COMRRAASHr ORI EAS p ich is excited to os_cillations by a drive
lajlnit. The two rods are ther(?k?d)(/iLT egﬁte%d(%}c?slﬁ%%m %%ﬁhéﬁ%n%syﬁg %&Eﬁgﬂ(ﬁ&tﬂope with the
resonancENEYuBHR) BFW&@EMB/P&%ﬁ%@s%tbnﬁgmﬂdMMﬁHmIIatory fork
comes in contact with the measured medium. Due to the extra mass, which must be moved when thg
oscillating fork reaches into a liquid medium, the oscillation frequency decreases. In the case of m_edl_a
with lower Ferify® §lién %@Yﬁ)‘i‘%&%%pﬂ@,l@é%,Eﬁisaé"ffe't‘ﬁ)%aﬁ@dﬂmplépm theteaselofialbviscous liquid
media, axdaipingrofithe estillationarepliugeoosues as areswof frigtign. The amplitude change
and/or fre uency %tﬁanqre is evaI%atedfas a function of the medium. Additionally, the ph_ase_ shift
between tﬁe c?rlve voltage and feceived doltage ot thePoseniatéry Yos moved to oscillations by the
driving is evaluated, since this is likewise changed in the medium. In containers, two such oscillatory

forks areseftert applied-yuith Qe heing placed in the Jower region of the, container and one in the upper

region. In the normal state, the oscillatory
container, so-called oscillatory forks are frequently used. 1In
such case, there exist a number of different forms of
embodiment, which differ mainly in the shape and length of the
oscillatory fork. Such ocscillateory forks are composed of two
rods and are placed on a membrane, which is excited to
oscillations by a drive unit. The two rods are thereby excited
to opposite phase oscillations. The excitation is done 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 oscillating fork reaches into a liquid medium, the
oscillation frequency decreases. In the case of media with
lower density, such as, for example, gases, this effect isg
negligible. In the case of all viscous liquid media, a damping
of the oscillation amplitude occurs as a result of friction.
The amplitude change and/or frequency change is evaluated as a
function of the medium. Additionally, the phase shift between
the drive voltage and received veltage from the coscillatory rods
moved to oscillations by the driving 1s evaluated, since this is

likewise changed in the medium.

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

one Iin the upper region. In the normal state, the oscillatory
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fork mounted above oscillates in air, and provides an overflow protection, while the oscillatory fork
mounted below oscillates in normal operation in the medium, and provides protection against running
dry. Such oscillatory forks function excellently in liquids which do not form accretions and in bulk goods
with small particle sizes relative to the oscillatory fork. In the case of media which form accretions on
the oscillatory fork, after a certain accretion thickness, bridges form, which reach from the one rod to
the other. These influence the oscillatory system and ultimately lead to the oscillatory rods no longer

oscilating, apd s ke neasyrinadaeing f1a longes Possible, Osallalony jorks can alsodie, applied for
determining the density and/or the viscosity of a liquid medium. in or er 1o be able unequivocally to
determirferd hedstrBd variabre, 18, Réwever Feceséanitorhoid tiesl bbandarycorditierconstant

and, respectiveindo deterainegdistusbance yarables. éﬂ&xgm‘i%§Uﬁ3§«9@é’999%°0“di“0“5 or

disturbing variables in the case of determining density and viscosity is fill level. In the determining of
viscosity” aVtiablé dBRIRY ofthe metitih, f5t Exhhifietsr reasbas briémperature fluctuations,

represents @distuthing Variablejdndrden neverbeless ta benahie to-determing viscosity, density is held
constant, depsity is determined Wﬂgiacieparate measurin% device, or a mea,suring method is selected,
which compensates for density dependencies The [tk 15 Stter? coffietad Wit 534e electronic
effort. Ofte kit is Aot pdssiblede hofd theel beuntanhcdimditionsceonstant; sodhat-atleast a second
measuring deyice.is necessary for determining the disturbance varjables. This rgg%igg% at least one

additional process connection, which not only brings With It extra cos S, But al26 introdifces hygienic
risks, depBRBiNg"6r e FERIST dppiieatibs. A the edsé of bbk gootstcompBosed: of coarse particles or

liquids containing €oarse: pagiﬁzia_,ﬂaéa%§a§9soééeﬂﬁi%§1%§i@m&1%Q%thfee%”iet?stiﬁ@bom equal to

the distance between the two rods of the oscillatory fork, it occurs that particles jam between the rods.
This, too” Téads "8 MalffftfioRmg GF it ostifatdn Aotk Jxs &Rdlet INBoth casess ahidteor report is
producetgwhichy forisafebrreasenspiiens off the process. A non-vibronic principle for fill level
measurement of liquids is that wherein a rod is introduced into the container. The rod protrudes far into
the container, and which is provided with a plurality of so-called floats. The floats then arrange
themselssatia etermified heightrcoriespondingta filbtevebef thedigtidning the

density and/or the viscosity of a liquid medium. In order to be
able unequiveocally 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 £ill level. In the
determining of viscosity, a variable density of the medium, for
example for reasons of temperature fluctuations, represents a
disturbing variable. 1In order nevertheless to be able to
determine viscosity, density is held constant, density is
determined with a separate measuring device, or a measuring
method is selected, which compensates for density dependencies.
The latter 1s often connected with a large electronic effort.
Often, it is not possible to hold the boundary conditions
constant, so that at least a second measuring device is
necessary for determining the disturbance variables. This
requires at least one additional process connection, which not

only brings with it 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 vibronic 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 or gllipfical. A jamming of parficles.does,not.present a problem in the case of this apparatus. A
disadvantage, howe\%é(aal‘!:l:%11 is ?r%ilt, for excitirﬁ%? 8 n’?éfasalﬁﬁl%ﬁﬁé)&l%ﬁ’atively high frequencies are

necessary, which strain the drive and the electronic components. Additionally, only low oscillation

amplitudes: atel@ttagwé)l%gﬂx@@pj@cé&ggge g% ntign is fg-provide an alternative apparatus for vibronic
fill level measuyr ment, in the case of which a jamming o the oscilfatable Unit 6r b (fge building by

particles CORtAINEd i tHe rEdsair&P fetiuRais exelitted Andvehich sepplemeritally enables the

determiningrofatleastone addifionat peecess variable cHhe.qbjegt is,achieved by, (fee%tlejq:e“;.eiengluding
that the Q%ar?%uos has a m%a%%rin tube, which is introduced into the container, the measuring tube
has at least a fifst oscillatable s&gniait and a $eéond dscillifabie segmert aheroseliiatisle segments

have a cigss $sectionahatdeedeviating from @, circtdarly: eoung shape, lgglt@gg@%qro\mu@f the

oscillatablg segments. driver/recelving ynits are placed, which cause the oscillatable segments to
execute resonant oscﬁllatiog;s, anoiy at Iegasét %ng%g%trof'/%v Gattory Bifift s pAdvided, SvhiRRValuates

frequencyaritiGFPR&Se anlisiamplitude of the oseilations, and-determinestherafromeaching of a
predetermined fill level and density and/or viscosity of the liquid.

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

themselves at a determined height corresponding to fill level of
the liguid.

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 C2, an apparatus for vibronic
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 or elliptical. A jamming of particles does not
present a problem in the case of this apparatus., A
disadvantage, however, is that, for exciting the measuring tube,

relatively high frequencies are necessary, which strain the
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An advantage of the multivariable sensor is that both running dry protection as well as also overflow
protection can be covered with only one device, by an oscillatable segment being formed, respectively,
on the end of the measuring tube near the container floor and on the end of the measuring tube near
the lid. It is also possible to provide an additional oscillatable segment in the middle of the measuring
tube in such a manner, that, with its help, an additional fill level can be determined or a plausibility
guery can take place. If, for example, the running dry protection alarm signals and the middle segment

still displays vaediym aneeroLisdhen present, Furthetmore, fil level can be monjtored with one of the
segments, while a further segglent serves for determining density of the mediam. In 1€ case of

measurestorkncum eRndiy \iddsiy GFike middilirrizlimereover determinable with one oscillatable
segment. Thus, the apparatus of the invention involves a multivariable sensor, which enables the

determin;:l&%g o{)a large numper of process variables with only one measuring device. This is especially
advantagols) Siice Shly'dHe proRRS LORNAESY iSreeiiired. Blledd thE BRapEDF the oscillatable

segmentspgeviatings fronracybndiical shape angikaving 2t leastene flat jateral sugface these
?ith smaller frequencies, whereby large oscillation

illataple, t b ited t illati
DU 2 b JETCETR %G 2 eGE S e MLNVAHRIE CBHG e iRfeRton s the

amplitudes can be urther 8dvan ageo
opporturiiATor apphcativh-ef-additiomaltdensoes: df; foridetermining vasaus preeessavatiables,

indepenq,%qthlevg%%@@nghet%clhﬁa%%ggrpgycgg into the container, gfc%r#eslpondjn number of

connections are necessary. In contrast to this, in the case o mtleg?atlon of sensors f P@etermining the
desired 6%%5%%?1’%%%%%@ mMéasutitftube, just one connector opening in the container suffices.
For example, besides the oscillatable segments for vibronic fill level measurement, also a temperature

sensor af d at least one pressure sensor can be placed on the measuring tube. In such case, the
position of the 8ersors IS dRPRAECoP the fispethive Hpphetion Ift Forlexarmplep e temgerature of
the medhums shoulebe determined, invaiderto; ebtain adgliahle measured vajus, the femperature

the measuring tube has at least a first oscillatable segment and
a second oscillatable segment, the oscillatable segments have a
cross sectional area deviating from a circularly round shape, on
the inner wall of the oscillatable segments, driver/receiving
units are placed, which cause the oscillatable segments to
execute resonant oscillations, and at least one
control/evaluation unit is provided, which evaluates fregquency
and/cr phase and/or amplitude of the oscillations, and
determines therefrom reaching of a predetermined fill level and

density and/or viscosity of the liquid.

An advantage of the multivariable sensor is that both running
dry protection as well as also overflow protection can be
covered with only one device, by an oscillatable segment being
formed, respectively, on the end of the measuring tube near the
container floor and on the end of the measuring tube near the
lid. It is also possible to provide an additional oscillatable
saegment in the middle of the measuring tube in such a manner,
that, with its help, an additional fill level can be determined

or a plausibility guery can take place. 1If, for example, the
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sensor must be located at a position, which is covered by the medium. If a running dry protection is of
concern to the measuring device, it is to be assumed that the end region of the measuring tube is
continually covered with medium, so that the temperature sensor, in this case, is best placed in this
end region. To assure that the pressure sensor determines the process pressure, it is preferably
placed in the upper region, near the connection of the measuring tube to the container. It is likewise
thinkable that a pressure sensor is placed, respectively, in the lower and in the upper regions of the

measuring:tibes Or dgt thedqressurensensitive elements o{;gcprgﬁgurrﬁi(ggﬁreengggsfgggor are arranged
in the Iovg r, Tld gggeﬁpgregions of the measuring tube, and the pressure difference is d:etermined. This
| :

pressure"difference R tpoRioharTy tHPhydrbstatitpreisirerorene figuid iRuhéomainer, so that fil
level of thie lijuitkisecontinnialy determinable thetefrome Ib a firskenabgrliment of the solution of the

invention th illatable segments haye a cross sectional area, which is oval, elliptical or polygonal
with an even%rﬁjér%bgég%%%gs,sgf yvﬁlsch),é?nreaa? 2aEE MiltFsitEE Bt Bardilet i oft& hdfther, or the
oscillataBfe segnentashave aw essertibllyroval onellipticatihasic farsrwithitwogarajlel sides. The

symmetric.shape issnecessary for the nurpose of decoupling the oscillatory system. However,
measurin? tubes are also thinkable, in the case of \%ﬁ%h 8 ggcgﬁﬁl‘nigf%tn%f%%s%ﬁﬁ@@%’cessary,

since on all EBEpARG &FfREtsSoctur ETRISis tee Sitoatidmincthessase ofudscillatatilersegments, which

have a lawimass in.earmpadsa te eigiboripgdaiprmediate segmients, In gy glternagive embodiment,
the cross sectional area is, consequently, preferably oval or elliptical, with a stralghct) side. The

oscillatable segimentsthah Have ari) ofefiat Clte fBF §GHACS SWRR RIS ©xcitdd t6 oseillations by a

driver/reeeivingianit.vT keiceosssspetional armaceanthep alsa bea pelygonwith. ap uneven number of
sides. Dye to the at least one flat, lateral surface, the stiffness of the oscillatable segment is reduced,

and furthermore, the installation of the driver/receiving unit is facilitated. The lessened stiffness of the
oscillatable segment as compared to a cylindrical tube segment has the result that the frequency

necessagy, forygsepant.exciting, of the oscillatable. segment is lower, so that the electronic components
and the driver/receiving un?)t are exposed 1o smaller Ioading: ,%E?%tl%mfgﬁg\fngégﬁsLﬁﬁﬁﬁbﬁ occurs.

Furtherridie! Btie t6he W Hfeqriehclesy imaximuni eseitlatioreamplitudestarexashed sAl pscillatable
segments-reierablyi have e samesiapes Segments lying between the oscillatable segments are

preferabgn%\;n;}t[)odied with circular cross sections. The oscillatable segments thien have Corinector
regions, TR WHIGH tHe" GFfETETT Goss SRERGHY afeadSpets bhetdnstherplitudes can be

achieved.

A further advantage of the multivariable sensor of the invention
is the opportunity for application of additional sensors. If,
for determining various process variables, independent devices
are in each case introduced into the container, a corresponding
number of connections are necessary. In contrast to this, 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, besides the
oscillatable segments for vibronic fill level measurement, also
a temperature sensor and at least one pressure sensor can be
placed on the measuring tube. In such case, the positicn of the
sensors 1s 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 temperature
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In a further development of the multivariable sensor of the invention, the measuring tube has at least
three segments, wherein at least two segments are embodied as oscillatable segments, Wherfeln at
least one segment is embodied as an intermediate segment with a circularly round cross sectional
area and wherein the oscillatable segments have transition regions, which serve for adapting the
shape of the cross sectional area of the at least two oscillatable segments to the circularly rom_Jnd cross
sectional area of the at least one intermediate segment. In a further development of the solution of the

inventiors dhe Jengiludingl axes of the ascillaiable;segments;and.he opgifudinal gyes ghthe
intermediatﬁ segments lie on a shared line. In alternative embodiments, the oscillatable segments are
al

at least par eccentridaly BRaRged T ThiRTEFEE HGuited, fr SRIRFED wientd® impediment, which

must be bypasseidids dacated jn ihe eentainese g fusiher etgvﬂopmeneafﬁthger@@hwdo@ t@ﬁﬁmﬁﬂtion,
) g o . e 2 : A ner wall of the
the drlveé{é%%%\élgg uq,:} Eea.glsezoelectrrllc g_rHe. This is glaced symmetrically on the inner w

oscillatable segnmetit. The pigZosIBetric difve 1§ raterably embodBaH Y stttk diid: the

temperature sensor, in this case, i1s best placed in this end
region. To assure that the pressure sensor determines the
process pressure, it is preferably placed in the upper region,
near the connection of the measuring tube to the container. It
is likewise thinkable that a pressure sensor is rlaced,
respectively, in the lower and in the upper regions of the
measuring tube, or that the pressure sensitive elements of a
pressure difference sensor are arranged in the lower and upper
regions of the measuring tube, and the pressure difference is
determined. This pressure difference is proportional to the
hydrostatic pressure of the liquid in the container, so that

fill level of the liquid is continually determinable therefrom.

In & first embodiment of the solution 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, two 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 absclutely necessary, since only small
coupling effects cccur. This is the situation in the case of
oscillatable segments, which have a low mass in comparison to
neighboring intermediate segments. In an alternative
embodiment, the cross sectional area is, consegquently,
preferably oval or elliptical, with a straight side. The

oscillatable segments then have only one flat, lateral surface,
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In the case of an additional further development of the invention, the driver/receiving unit is embodied
as an electrodynamic drive. The drive elements of the electrodynamic drive are electromagnetic,
electrostatic or magnetostrictive drive elements. The electrodynamic drive is placed on the inner wall
of the oscillatable segment. In a further development of the solution 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 oscillatable segment and symmetrically with respect to the longitudinal axis of the oscillatable

segment.ifiah additional fusthe deyelopment;of theinvention, the drive elements of the
driver/reQﬁjtvin units are placed on the inner wall of the oscillatable segments i stch a’manner that
S

two oppositélyying sid&S b i ds@isAbRESeghieRtsdst ke oppbsiley phaser bsbillations. A further
developmenrtvaiihe mtiltvarable isensor of the invention includes the feature that a temperature
sensor is 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’a€crétiort fornedtioreersfor density measurement. By: mountingithe temperatute sgrsor on the

measuring,tubg, N9 separate.measyring deyice is necessary. This saves an additional flange or
connection. Additionally, the (?neasauremenjfSda'}:aig3 %P %%gferr?pr\éc%a U8 'SRREBPEAN bEBrocessed with the

data of tHé'85éfatablese§rhehtsinca sHarotr eontiotfevaluation unit. feftithir gdevelopment of the

invention: prowidesthat thermeasugng tyke has at jeastone pressute sensor, For pressure
measure(r:neln.t, a pressure sensor is preferably placed on the lower end ot the nﬁ)easurintéctu%e

protrudingrints fhe' Ehtainer SPRFERN, thdpressuikesersors be the pressurersensitive elements of a

pressurerdifferencesensor pse artanged:in 1esprctive %mgrqgé@lsiggmgaggr'%ﬁ@ei S0 that

pressurelq}lgggrre’ncg Js %eé%rn%lgable Due to the relationship between pressure difference and
hydrostatic pressure, this eéna

s RTINS fill FETE e R F e et SR further development of the
solution Efthednvertion s in featuresithattheomeasyrng e bas wa @ssiflatahle sggments, which

are spacgd,apart-from qpe anpother by an interm %iate segment, and which in each case have a
driver/reccgeiving unit, wt%%h causes them to e%&é]é% & 686 attond and that thie Hi¥asuring tube is

matchediR$EHNGRGiRFin Pesiianef trcoddiliatable segmentsdedhe containeninssuchza manner that
the first nﬁ%ﬁ@m%%%ﬁ%s 3 madipal il level and fhe segand pscillatable segment detects a
ying between the oscillatable segments are preferably embodied
with circular cross sections. The oscillatable segments then
have connector regions, in which the different cross sections

are adapted toc one ancther.

In a further development of the multivariable sensor of the
invention, the measuring tube has at least three segments,
wherein at least two segments are 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
regions, which serve for adapting the 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 development of the solution of the invention, the
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In an example of an embodiment, it is provided that 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 to the container in such a manner,
that, based on the oscillations of the oscillatable segments, the control/evaluation unit determined
density and/or viscosity of the medium at different predetermined heights. Another further development

of the inventipntlies: nthe faekthat the, eonkel/evalyation unit sHecassivaly agtivates and reads out the

driver/recI‘eiving unjts of the oscillatable segments and, in given cases, additionally placed sensors, and

determine%ri%%%}ﬁé@ti]veaﬁr%%egg VarRbEE SEF6P &R 4mpRe TIE Ustilatabl8 segmtits &fe provided

for deterimining a miniaiurmanda weaximsbdll tevel anddioe determiniag density ofthemeastged

medium,a%s Weellsats ré;:rgeranﬁdiate Sgg@g{‘égﬂt{‘ a temgerattérfa sensor, and if a pressure measuring
en

cell is arranged in th dlregla(n of the measunnt}j tﬁt%, thd Tontrolevalugfion kfjenit then successively

determinesthe nadiablest raazinium fillMbeel renched? s tdersity Wh icurrentdeniperature”, "minimum

fill level kpached?y "densify, 22 and "eyrrenLpressurs’,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. 1a multivariable sensor of the invention
Withtwoin a further development of the method of the invention, the

driver/receiving unit is a piezocelectric drive. This is placed
symmetrically on the inner wall of the oscillatable segment.

The piezoelectric drive is preferably embodied as a stack drive.

In the case of an additional further development of the
invention, the driver/receiving unit is embodied as an
electrodynamic drive. The drive elements of the electrodynamic
drive are electromagnetic, electrostatic or magnetostrictive
drive elements. The electrodynamic drive is placed on the inner
wall of the oscillatable segment. In a further development of
the solution of the invention, , a number of drive elements are
arranged pairwise on the inner wall of the oscillatable segments
on oppesitely lying sides of the oscillatable segment and
symmetrically with respect to the longitudinal axis of the

oscillatzble segment.

In an additional further development 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 development of the multivariable sensor of the

invention includes the feature that a temperature sensor is
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oscillatable segments; Fig. laschematically, a cross section of an oscillatal_:)le segment accordi_ng to
Fig. 1; Fig. Ibschematically, an alternative cross sectional shape of an oscillatable segment; Fig. 2aa
detail view of an oscillatable segment; and

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
mounting the temperature sensor on the measuring tube, no
separate measuring device is necessary. This saves an
additional flange or connection. Additicnally, the measurement
data of the temperature sensor can be processed with the data of

the oscillatable segments in a shared control/evaluation unit.

A further development of the invention provides that the
measuring tube has at least cone pressure sensor. For pressure
measurement, a pressure sensor is preferably placed on the lower
end of the measuring tube protruding into the container.
Preferably, two pressure sensors or the pressure sensitive
elements of a pressure difference sensor are arranged in
respective end regions of the measuring tube, so that pressure
difference is determinable. Due to the relationship between
pressure difference and hydrostatic pressure, this enables

continuous fill level measurement.

A further development of the soclution of the invention lies in
features that the measuring tube has two oscillatable segments,
which are spaced apart from one ancther by an intermediate
segment, and which in each case have a driver/receiving unit,
which causes them to execute oscillations, 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 fill level and the

second oscillatable segment detects a minimum fill level.

In an example of an embodiment, it is provided that the
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Fig. 2ba detail view of an oscillatable segment, wherein 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
oscillatable 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 the end region 3 of the
measuring tube 2, a pressure sensor 12 is arranged. The oscillatable segments 4, 5 and the
intermediate segment 9 are, in such case, arranged in such a manner that the longitudinal axes LO of
the oscillatable segments 4, S.and the longitudipal 8§§i'ﬂ1°§{%%i'geg%%ﬂ('§ﬁ% §‘?9’J$§£‘éﬁ igona
shared line. The length of the intermediate segment 9 is matched to t Imensions of the container in

such a niAHETthaPHEsddofl SEIRBBIENSEgREnED liéE heieeRdight isisheotrespodds to the

minimunwiill tevel T ke sagmest between flange 4:3,and-fisst osgillatable segment 4.js chasen as
regards i

t?hl%lggg in such amanner hat the first oscillatable segment 4 serves for monitoring the
maximal TillTevel” ARSI atively. T Terigth&'oF thé Partichfareeyminits ré $efectéd H6GEFE manner

that either almagimurarct & mipiosal filldevelds mhenitosable; anddughermere, density and/or viscosity

of the mggilqgé%gldeﬁrrgi gg heigﬂht arelis determinable. In alternative emhadiments, other
oscillatable segments are tﬁinka%le,%vnﬁ}%ﬁ brf%?%’ng%%slﬁ cf!r:eo o rg&fheorsactlh]teji&ﬁtéC%ﬂﬁw@én the

minimunt AAdtRe adirb Hilt |erdheight, s6 teataiss fitt letets: lying therebetiveen are determinable,
or densityeancian visgosibhafthe mediin & fese.pesiians atelisunigugly determiable,

Advantageously, a second pressure sensor 12a is arranged in the upper region of the measuring tube
2 near tfgerﬁ%ec ggmined heights.

Ancther further development of the invention lies in the fact
that the control/evaluation unit successively activates and
reads out the driver/receiving units of the oscillatable
segments and, in given cases, additionally placed sensors, and

determines the respective process variables.

If, for example, two oscillatable segments are provided for
determining a minimum and a maximal fill level and for
determining density of the measured medium, as well as an
intermediate segment with a temperature sensor, 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
17, Mcurrent temperature”, “minimum fill level reached?”,
“density 2" 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
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connection, so that this sensor is not covered with medium. By determining the difference between the
pressure reigning at the site of the second pressure sensor 12a and the pressure reigning at the site of
the pressure sensor 12 arranged on the lower end region of the measuring tube 2, in addition to the
simple pressure determination with the pressure sensor 12, a continuous fill level measurement 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
pressurecsensor d2arare thegtwedyessure sensitive elements, e.g. in the form of membranes.
Connected with the pressure sensitive elements are supply lines (not shown), which supply the
pressure acting on the particular pressure sensitive element to the pressure difference sensor 121.

The supplydinesare astangeskindhe interigr of thesmeasuring, tube 2, Inthis preferrgd example of an

embodimny m@r(?tcraogg Se tlonalt%regjs_ of the oscillatable segments 4, 5 are oval, with two parallel

sides. A representation of the cross Séétion éf 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 altgrnative foupg of emhadiment, the cross sectional area is oval, with only one straight side;
elliptical, having at least one stra?%h qé;i?c'ie,agr 6%@85%&%%\/‘.{% ai &veh AGMmber ot SidesWhe?éin these

sides aréiiBréﬁ‘éFe{th;L paitiise pamento one another. An example of a cross section with only one
straight side is presented in Fig. Ib. In the embodiment illustrated in Fig. 1 and Fig. la, the oscillatable
segmen%s 4, 5 have, in each case, two parallel side surfaces. Preferably, in this region, on the inner
side 6 of thé ostfilatalile Eghients 1%, fie Bfive Bfdrentsailef theadrvetireesiving unit 7 are
arranged. Due to the planarity of the side surfaces, the stiffness of the side surfaces is reduced, so

that smaller freggencigs Qre necessary for oscillation excitement as compared to curved surfaces. This
is advantageous for tiie elecironic coifpohefts SItht aifpafRus of B fiventivhesines thapower
consumptictvisismalters aad duditidally; large @ssilation amplitudes.ean beachieved: Jhe,
intermediate segment 9 preferally has a-circularly round cross sectional area. For adapting the cross
sectional area of the oscillatable segments i% t6 fhose 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. o ar emhodiment, dhe sndiegion 3,of the megsuring tube 2 is embodied as an

intermediate segment 9 with a circularly round cross sectional area. In aleiative emB&giments, the

end regidh B'akes bihér RTINS dodsiideibrinle separatasegment! an is insteac forated by the

second esgjttatablessegmentheThe eaghegion is prefprably dosed. Far connecting the multivariable

sensor t%he container, a flanagrge 13is [glaced on measuring tube 2. Of course, the sensor
is arranged, d in the end region of the measuring tube 2,

a& pressure sensor 12 is arranged. The oscillatable segments 4,
5 and the intermediate segment 9 are, in such case, arranged in
such a manner that the longitudinal axes LO of the cscillatable
segments 4, 5 and the longitudinal axis LT 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 fill level. The segment between flange 13 and first
oscillatable segment 4 is chosen as regards i1ts length in such a
manner that the first oscillatable segment 4 serves for
monitoring the maximal £ill level. Alternatively, the lengths

of the particular segments are selected in such sz manner that
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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 2b 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, plagedrat the innerside 6 of the.esgillatable seamepL4, ?-J*RJ%%?@%’%PJ an embodiment
involves four drive elements 71, wherein, in each case, two are arrange R/lng opbosftje each other on

the flat sid&"SOFACEE ShiS RliADEY iSBAKAK prefafielifbim of ertisodis@htrarsither number of drive

elementsiZt ésalsospossibigh tmpedantdsdbatthe; arangementof the drive elements 71 on the inner
side 6 of g&glirlllglt%ble segment 4 alwa%/s occurs symmetrically, so that the number of the drive

elements 71 s even. The drive elSmehts 71 Hré préfFaRT) bieZetecthic Ricthdfts, Whezgin, in an
embodinsertt, terdrivedlementsealsosenenfor receipt ofthe:oscillatioarsignalsyinanaliemative

embodiment, duye elements,ar ided, which only serve far the driving of the oscillatable segment
4, and receiver eleﬁéé%ts%g?elp%%%{%d%%%%hlf geﬁ/?éafgr theSfechipt bf th¥ B5&illakdR Signals of the

oscillatabfRSSEHRENELTIRE picrobfagtic driver/reveiving snit caarequatly-hesembodiedas a bimorph

drive or as a s{aek gkive-Howeyer,Jnagnetostriclive, electost tig_lozg.eé%%trq:%%gggg% drive elements
71 are als%thlnkable. The arrangement of the drive elements 71 is; in such case, selected in such a

manner tIFA{THE SRFEL Dh¥whizh THEP Afe BPBRSHExettiis opodite phase oscilatioris:withdhe

resonance frefueagy of the oseilatablessegment 4,5. 1 the casergf the govering or at least partial

covering_of th&s%latable sgﬁc{;ment 4, 5 with liquid medium, the oscillation frequency is reduced for

reasons of the increased moved mass STHE thangeisor eXaipre HetdsledisfitaisamBy
piezoele@triceeteineints, whichcalSd forem the deiverelements T thebasis of this receivgd signal, the
control/eyalyation ynit 8 é)gggﬂcéesp% Switehing signal, which indicates the free or covered state of the
respective oscillatable segment 4° 5. in an embodiment, Based o ife B3& RS0 SEthesellatable
segment#, ad el id<ethelintdimativhsconcersingsSildevel gaimed with the ascillatahle;segment 5, the

control/exaduagionounit BAaseeHains; other pracess var ia%&%s. such a% C(;Ie%ity and/or viscosity. Viscosity
is preferably determined according to one of the' methods describedin WO 2 050 Al or DE
10050289 AF i th& baSIToMAELS RoNdiblerdtivhse viseosity detrminatich oecurspforrexamyple, by

excitationitd reserant escillationsdeing brighy interupteciand the, decay gonstant. peing evaluated, or
by meargi%;‘fé JfrrgquenC)é-I}IJhasefldé1 gram. Density is, as a rule, determined by evaluating the oscillation

frequency. The higher denaity o maditim 2HET0wes 3< the R SBRERES fregpieReytsethat a change
in densityecfaheamedianrcan hetdsedrtained ffom a change:in the resenapce frequency.

The pressure sensor 12 and the second Pressure sensor 12a are
then two pressure sensitive elements, e.g. in the form of
membranes. Connected with the pressure sensitive elements are
supply lines (not shown), which supply the pressure acting on
the particular pressure sensitive element to the pressure

difference sensor 121. The supply lines are arranged in the

interior of the measuring tube 2.

In this preferred example of an empodiment, the cross sectional
areas of the oscillatable 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 ocutline of the cross section is thus

12



For this, however, it is necessary to assure that a change in the oscillation frequency IS to l_)e_ attr_lbuted
to a change density and not to a change in fill level. With the apparatus of the invention, this Is dlrgctly
possible, since density is determinable with the oscillatable segment 5 arranged ata Iowgr helght in
the container, while, with the oscillatable segment 4 arranged further above in the container, fill Igvel
can be monitored. So long as the oscillatable segment 4 is covered by medium, density or viscosity
can be determined with the oscillatable segment 5 arranged below. In an embodiment, a third

oscillatahlesegmentds pravided, g0 Q@&Qﬂﬁit}f@é@k‘{iscﬂtyaaﬁedreé%”‘ik'}‘gb?g@glesa%‘fcase with a
separate oscillatable segment. Alternatively, the control/evaluation unit 8 is embo !ed IN such a
manner fHA? 156 B5Giliatable segrents &S5 Hre wifferently ERcitatsié, omthelr osclliations are

corresposidingly evakinhls, asia functiemof thepragess varahle t@ pe determined. Listof Reference
Cha“m“%§f§§%§§¥lzgfksugggégg% 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 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 side 6 of
the oscillatable segments 4, 5, the drive elements 71 of the
driver/receiving unit 7 are arranged. Due to the planarity of
the side surfaces, the stiffness of the side surfaces 1is
reduced, so that smaller freguencies 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 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 embodied as an intermediate segment 9 with a
circularly round cross sectional area. In alternative
embodiments, the end region 3 takes other forms or dees not form
a 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



3end region of the measuring tube 4first oscillatable segment 5second oscillatable segment _6inner
side of an oscillatable segment 7driver/receiving unit 71drive element 8control/evaluation unit

can alsc 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 compenents such as the control/evaluation unit 8.

Figs. 2a and 2b 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 oscillatabie segment 4, 5, and Fig. 2b
shows a side view rotated by 90° with respect to Fig. Za. The
drive elements 71 of the driver/receiving unit 7 are, in such
case, placed on the inner side 6 of the oscillatable 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; ancother 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 cscillatable
segment 4 always occurs symmetrically, so that the number of the

drive elements 71 is even.

The drive elements 71 are preferably piezoelectric elements,
wherein, in an embodiment, the drive elements also serve for
receipt of the oscillation signals. In an alternative
embodiment, 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
piezoelectric driver/receiving unit can equaliy 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



dintermediate segment 10transitional region 11temperature sensor 12pre_ssure sensor 12a second
pressure sensor 121 relative pressure sensor 13flange LOlongitudinal axis of an oscillatable element

case, selected in such a manner that the sides, on which they
are applied, execute opposite phase oscillations with the
resonance frequency of the oscillatable segment 4, 5. In the
case of the covering or at least partial covering of the
oscillatable segment 4, 5 with ligquid medium, the oscillation
frequency is reduced for reasons of the increased moved mass.
This change is, for example, detected by the same piezoelectric

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 oscillatable
segment 4, as well as the information concerning fill level
gained with the oscillatable segment 5, the contrel/evaluation
unit 8 ascertains other process variables such as density and/or
viscosity. Viscosity is preferably determined according to cne
of the methods described in WO 2009037050 21 or DE 10050299 A1L.
On the basis of these considerations, viscosity determination
occurs, for example, by excitation to resonant oscillations
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 the
resonance frequency, so that a change in density of the medium
can be ascertained from a change in the resonance freguency.
For this, however, it is necessary to assure that a change in
the oscillation frequency is to be attributed to a change
density and not to a change in fill level. With the apparatus
of the invention, this is directly possible, since density 1is
determinable with the oscillatable segment 5 arranged at a lower

height in the container, while, with the oscillatable segment 4
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Lllongitudinal axis of an intermediate element Patent Claims 1. 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 plaeed, which cause dhe osgillatable segments (4,5) to exequte resgnant oscillations, and
wherein at least one control/evaluation unit (8) is provided, which evaluates frequency and/or phase
and/or moenitored. So long as the oscillatable segment 4 is covered by

medium, density or viscosity can be determined with the
oscillatable segment 5 arranged below. In an embodiment, a
third oscillatable segment is provided, so that density and
viscosity are determinable in each case with a separate
oscillatable segment. Alternatively, the control/evaluation
unit 8 is emboedied in such a manner that the oscillatable
segments 4, b are differently excitable, or their oscillations
are correspondingly evaluable, as a function of the process

variable to be determined.
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amplitude of the oscillations, and determines therefrom reaching of a predetermined fill level and
density and/or viscosity of the liquid. 2. Multivariable sensor as claimed in claim 1, wherein the
oscillatable segments (4,5) 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 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 preceding claims, wherein the measuring tube
(2) has at least three sggments (4,59 g@eéggquégb%g 't&(lﬁ ésregcn%%ntg are .embodied as osci[latable
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. Nﬁjltivarla%llleségﬁsor as claimed in claim 3,

2 measuring tube

end region of the measuring tube
first oscillatable segment
second oscillatable segment
inner side of an oscillatable segment
driver/receiving unit

1 drive element

control/evaluation unit

W -3 -1 o sy W

intermediate segment

[y
<

transitional region

[EY
=

temperature sensor

e
N

pressure sensor

12a second pressure sensor

121 relative pressure sensor

13 flange

Lo longitudinal axis of an oscillatable element

LI longitudinal axis of an intermediate element
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wherein longitudinal axes (LO) of the oscillatable segments (4,5) and Iongitudjnal axes (LI) of the
intermediate segments (9) lie on a shared line. 5. Multivariable Sensor as clalmgd in at least one of
the preceding claims, wherein the driver/receiving unit (7) comprises plezoelecf[rlc dnve_e]emen"ts (7).
6. Multivariable sensor as claimed in at least one of claims 1- 4, wherein the drlver/recelv_lng unit (7)
comprises electromagnetic, electrostatic or magnetostrictive drive elements (71). 7. Multivariable
sensor as claimed in claim 5 or 6,

Patent Claims

1. 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 segments (4,5) to execute resonant oscillations,
and wherein at least one control/evaluation unit (8) is
provided, which evaluates frequency and/or phase and/or
amplitude of the oscillations, and determines therefrom reaching
of a predetermined fill level and density and/or viscosity of
the ligquid.

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

oscillatable segments (4,5) have a cross sectional area, which
is oval, elliptical or peclygonal with an even nuﬂber 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
preceding claims,
wherein the measuring tube (2) has at least three segments

(4,5,9), wherein at least two segments are embodied as
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wherein, on the inner wall (6) of the oscillatable segments (4,5), a number of drive elemen_ts (71) are
arranged pairwise on oppositely lying sides of the oscillatable s_egment (4,5) and symmetrlc_ally to the
longitudinal axis (LO) of the oscillatable segment (4,5). 8. Multlvarlablg sensor as claimed in at least
one of claims 5- 7, wherein the drive elements (71) of the driver/receiving units (_7) are_plac_ed on the
inner wall (6) of the oscillatable segments (4,5) in such a manner that two opposﬂely lying S|de_s of the
oscillatable segments (4,5) execute opposite phase oscillations. 9. Multivariable sensor as claimed in

i [ ' ir i ed on the end region (3
at least %@dﬂﬂ@ggg‘ﬂ@ g@%ﬂ@er?ﬂl g')e, measying t% e gze?a{%gl%sne segment isg (3)
located in the container. _ _ ' .
embodied as an intermediate segment (9) with a clrcularly round
cross sectional area, and wherein the oscillatable segments
{4,5) have transition regions (10}, which serve for adapting
shape of the cress sectional area of the at least WO

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

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

4. Multivariable sensor as claimed in claim 3,
wherein longitudinal axes (LO) of the oscillatable segments

{(4,5) and longitudinal axes (LI} of the intermediate segments

(%) lie on a shared line.

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

preceding claims,

wherein the driver/receiving unit (7) comprises piezocelectric

drive elements (71).

6. Multivariable sensor as claimed in at least cne 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 5,

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 at least one of claims 5-
7,
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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 oscillations
of the oscillatable segments (4,5). 11. Multivariable sensor as claimed in at least one of the preceding
claims, wherein the measuring tube (2) has at least one pressure sensor (12) or a relative pressure
sensor (121). 12. Multivariable sensor as claimed in at least one of the preceding claims, wherein the
measuring tube (2) has two oscillatable segments (4,5), which are spaced apart from one another by

an intermadiate segment£9);and.which 43 eash case have a driverreceiving Uit (£), which causes
them to execute oscillations, and wherein the measuring tube (2) is matched in l[ength and in position
of the ostiltat3BI® SEtTETRs T, 5016 theeehtdifiertin ‘Suchat e?%l%t]tﬁé‘?ﬁ‘é‘tlé“scillatable_ segment
(4) detects ammaxinakfjlblevehanrd the searndescilatable-segmpptS) detects @ munigwuma {ill level.
13. Multivgri%gle Sensor as clgiped in at least one g{ the preceding claims,

o} € 0sCililatablie segments (4, 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 cscillations

of the cscillatable segments {4,5).

11. Multivariable sensor as claimed in at least cone of the
preceding claims, wherein the measuring tube (2) has at least

one pressure sensor {l12) or a relative pressure sensor {(121).

12. Multivariable sensor as claimed in at least one of the
preceding claims,

wnereln the measuring tube (2) has two oscillatable segments
(4,5), which are spaced apart from one another by an
intermediate segment (9), and which in each case have 2
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 lewvel.
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wherein the measuring tube (2) has at least two oscillatable segments (4,5), which are spaced apart
from one another by an intermediate segment (9), and which in each case have a driver/receivmg 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, base_d
on the oscillations of the oscillatable segments (4,5), the control/evaluation unit (8) determines depsﬂy
and/or viscosity of the medium at different predetermined heights. 14. Multivariable sensor as_clalmed
in at least one of the preceding claims, wherein the control/evaluation unit (8) successively activates
and reads_out the driver/receiving units (7) of the oscillatable segments (4,5) and, in given cases,

additiona %x'pl%@g& SERSOAPHA, FARERE ditermineSte FBspdctiverbcassvarialias,

preceding claims,

wherein the measuring tube (2) has at least two oscillatable
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 gsegments (4,5) to the
container in such a manner that, based on the oscillations of
the oscillatable segments (4,5), the control/evaluation unit (8)
determines density and/or viscosity of the medium at different

predetermined heights.

14, Multivariable sensor as claimed in at least one of the
preceding claims,

wherein the control/evaluation unit (8) successively activates
and reads out the driver/receiving units (7) of the oscillatable
segments (4,5) and, in given cases, additionally placed sensors

(11,12), and determines the respective process variables.

21



