FILL-LEVEL MEASURING DEVICE The present invention relates to a fill-level measuring device with
a membrane, which is placed in such a manner on one of the two end regions of a tubular housing that
it seals the housing on such end region, with an oscillatable unit placed on the side of the membrane
facing away from the housing, with a driver/receiver unit, which is composed of a plurality of
piezoelectric elements arranged in a stack, wherein the driver/receiver unit is placed via a pressure
screw in such a manner in the housing that it oscillates in the direction of the longitudinal axis of the
housing between the membrane_and the pressure acrew &vl‘be,égl%g excites the oscillatable unit via

the membrane to execute oscillaﬁ‘i{)ﬁ%f\%/ﬁh A cOntrolfevallation unit: which evaluates amplitude,

frequency and/or phase of the oscillations of the oscillatable unit and with a temperature sensor for

determiping temperature, of the medium. The oscillatable, ynit is, fqr %Q%F&'?iﬁ oscillafory fork.
Vibronic@%ﬁeg%ﬂ?isr\%%evllgggg%ﬁﬁowﬁ t(?%eésused, amc:)Lng otﬁhe‘;Z t%lngs, or detegrmining the reaching of
a predetérminadriiiievelrer. formoHitokipgral Aisitum crudximandiieazel of lighiels o bilegoods in a

container, Fqr deterining whether.a,cerfain lipitlavel hag beenreached, thevibranis measuring
device is placed at the corresponding height in the container. Vibronic measuring devices have, as a

rule, tw8tod8 hRhhressHaigedike treitimsCdfia 36k Which &ted&fedVid 35 nénbfane of a
drive unitrtoroppesitephase escillations.atithe r rsonance dieguegry s Lhe deve is provided, in such
case, via piezoelectric elements. If the gscillatory system is covered i th meas%ed medium, then
the osciiafiSh ¢ &RERGATRT, Wherein"In-(He case s ﬁl%%%oag, Ssde }éiléﬁ?l e afplitude change is
evaluated ands inethercaseatligiids, esseatighylthenfreqeencykchargerisievatiiated. Such vibronic
measurgw .deviges are available from th assi}gnee under ]t:rgee marks, Slg%%i\gh%t ggrcplqléids) and

u

. ve eceiver _unit 15 aced via .a ssuUre, .
Soliphant (for ik goods). The construttion of a Liquiphant measuring device Is described, for

exanuﬂ@ﬂnﬁ§312@1ﬂ3§|@pusing rthat it oscillates in the direction of the
longitudinal axis of the housing between the membrane and the
pressure screw, whereby it excites the oscillatable unit via the
membrane to execute oscillations, with a contrcl/evaluation
unit, which evaluates amplitude, frequency and/or phase of the
oscillations of the oscillatable unit and with a temperature
senscr for determining temperature of the medium. The

cscillatable unit is, for example, an oscillatory fork.

Vibronic measuring devices are known to be used, among other
things, for determining the reaching of a predetermined fill
level or for monitoring a minimum or maximal fill level of
liquids or bulk goods in a container. For determining whether a
certain limit-level has been reached, the vibronic measuring

device is placed at the corresponding height in the container.

Vibronic measuring devices have, as a rule, two rods, which are
arranged like the tines of a fork and which are excited via a

membrane ¢f a drive unit tc opposite phase oscillaticns at the



Also possible with such vibronic measuring devices is the determining of density of the measured
medium. The higher the density of a liquid, the smaller is the resonance frequency. The resonance
frequency has, however, a temperature dependence, so that, for an exact density determination, also
temperature of the medium must be determined. Moreover, various types of applications are known, in
the case of which, besides the fill level, also the process temperature must be determined. Over the
years, temperature measurement has been possible, for example, by introducing an additional
temperateresanser dxemvalys e, olifstdelstime fillslensl o defsity hedsthingakRice \ia a separate

processcannectiop-inta.the caniginer. For-a tepopgrature gerpgnsaieddensity rneaswenant, the

temperature sensor is connected, together with the density measuring device, to the evaluation
computEf BRABVAREAGEEEL 1i8ing TS sepafateTRéasdring deviced ifrat @a8H additional process
connection,hesides increasipg £ostss also preseptsa  supplementalriskas segardsisealing and the
hygiene of the process. A mounting of the temperature se%sgr,direcélé/ on the memkirfnet% on the
oscillatdiy) 38fiEis Hor MiacHANES Badons ndt Possiiig, Sifice tiEa85natdRy S)Steft isheghtively

affectedrtherely: ag regardsits tunetionakalitity. Atnintegratiorpof temperaturérsenser inte the housing
of the fill-level measyring device shglf_flcult. becausgn%{ the fype x%fa T fg,ntlﬂ%1 é)éo%%:?\ th’zo?j_%cﬁtnc

s%ir
. are av om S5 nnee a .
driver/réceiver Unit. ThIS is from the side of the housmg]?acmg away from't atable unit using a

pressuré-exeititg semmw Gaitiithae tenferatbnelsersords securkdeorcthesticiysing wallo & répresents an
impedimant fo the Serewing ofithe serew unit; Knguin fFom L 102006007192 Al is,avjoration limit

switch arrangement, in the case of which a temperature determining unit is placed, for example, in the
region betweéda thé bscillatable unit and the transmitting/receiving unit. It is not shown how the
coupling between transmitting/receiving unit and oscillatable unit occurs across the temperature

sensor, so that one wonders how the transmission of the mechanical oscillations to the oscillatable unit
Canoccﬁ}aﬁhﬁﬁﬁﬁﬁ?ie with such vibronic measuring devices 1s the

determining of density of the measured medium. The higher the
density of a liquid, the smaller is the resonance freguency.

The resonance frequency has, however, a temperature dependence,
so that, for an exact density determination, also temperature of
the medium must be determined. Mcreover, various types of
applications are known, in the case of which, besides the fill

level, also the process temperature must be determined.

Over the vyears, temperature measurement has been possible, for
example, by introducing an additional temperature sensor
externally, i.e. outside of the fill level- or density measuring
device, via a separate process connection into the container.
For a temperature compensated density measurement, the
temperature sensor i1s connected, together with the density
measuring device, to the evaluation computer. A disadvantage of
using two separate measuring devices is that each additional

process connection, besides increasing costs, also presents a



An object of the invention is to provide a vibronic fill-level measuring device, with which additionally
temperature of the measured medium can be determined, without degrading the oscillatory system.
The object is achieved by features including that the temperature sensor is integrated in a fill-level
measuring device element, which is in thermal contact with the medium via the membrane or the
housing, wherein the element is so selected that the oscillatable unit oscillates unimpaired by the
temperature sensor. Since the temperature sensor is integrated in an existing element of the fill-level
measurisigraeices sittis Inot isséompletelyssupplementat compdnent Fheréfore, the ¢drestruction of a
fiII-IeveILQ}% ing device with the temperature sensor differs from the construction of a fill-level
measuring device without the temperature sensor only in the features that a certain element is
replaced by a similar element with the temperature sensor and additional connection lines for electrical

contacting pf the tepperatuie.sensgrarg presents This-fasilitates the manyfactyreandpifers the

additional advantage that no additional place for the temperature sensor is required in the fill-level
measurifg device® Ihethrent, fFtwhich%the t8mperatite seAdorigdreyrated®s located preferably in
the vicinity0f {he driver/reeeivereunit siheretothe \deiatycomprisesdhe regipnof the tagasuring
device, which lies between tr;g os,cillat%ble unit and th ressure sgrew unit. Th;l%Pressu%e screw unit
is, in such cas HinéitdedWitiin stich vi&ﬁﬁ;}ﬁﬁnparinc%i , &r%}/éxis g s eé)élur(i)ng device
element} erhose demperatene adjusts to tiret dfthe hrediom, sShsuitablé fdreaccommadating ghe

temperafre.sensor. %@eyidc%@%“gﬁ%sc%tgv@e Aepperatyre O&h%@u%d&@ﬁﬁ%dft%gefatwe atthe site

of the temperature sensor can, in the case of nown deV|athns, _be taken into consi eration in
determidihg the lteafperatute ofehed headidive Byleorfectingthe rheasured tehevatise Yalues with a

formula couresponding te the deviatiops rexisting temperatyre.differenges.arecancelled, so that
temperature of the medium is determinable within the limits of the desired accuracy. A first
embodii8REGhE SHRRITH BPthERENHST Includes thak tHeprRebRlgtHc ERTTéHts of the

driver/regeiver &nitare coangstad with aneignather-viara el that thei helt has @gontact:piece with a
contact surface with the membrane for transmitting the oscillations, that the bolt is provided in the

region befTEEH THE rivérie AT Nt the contact surface with the membrane with a bore

extending laterally to the longitudinal axis, and that the temperature sensor is mounted in the bore.
Known from DE 102006007199 Al is a vibration limit switch
arrangement, in the case of which & temperature determining unit
is placed, for example, in the region between the c¢scilliatable
unit and the transmitting/receiving unit. It is not shown how
the coupling between Transmitting/receiving unit and
oscillatable unit occurs across the temperature sensor, so that
one wonders hew the transmissicon of the mechanical oscillations

to the oscillatable unit can occur unimpaired.

BAn object of the invention is to provide a wvibronic fill-level
measuring device, with which additionally temperature cf the
measured medium can be determined, without degrading the

oscillatory system.



The integration of the temperature sensor into the bolt is especially advantageous, since this in direct
contact with the measured medium and thereby, temperature at the site of the temperature sensor
adjusts rapidly to that of the measured medium. In a further development of the invention, the bore is
located in the collar-like element of the bolt between the driver/receiver unit and the contact surface
with the membrane laterally and orthogonally to the longitudinal axis. In an alternative embodiment,
the bore is located in the bolt in the rod-shaped element or in the rod-shaped element and the
collar-likéredemient betwieers trel driver/tegeives tnfand thelmambsane andigxtends in the direction of

the longitudipal axis. The advantage this embodiment is th t,tgb lines for contacting the temperature
sensor c%%gr@e% ffe%)%%?()eugﬁ'?%hseoﬁrog%héﬁséc& %Fearr%érgt and f‘nr%ﬁ rfa&t?c}rr%]ad?&iﬁﬁ%@rﬁfé?rod-shaped |
elementd tHes presbere Btrewlyhithto the housingrside, inawhieh ther etectramicsnaait isdoeated. In this
way, attentiondaes-nathave 19 be;paid R&s%[ﬁp relative to the lines of the g!eszgflectnc elements.

e 1 scte
In an additional embodiment of the invention, the bolt comprises metal or ceramic. ref:eral()jly, the
metal is sBffles8etesicillatable unit oscillates unimpaired by the

temperature sensor.

Since the temperature sensor is integrated in an existing
element of the fill-level measuring device, it is not a
completely supplemental component. Therefore, the construction
of a fill-level measuring device with the temperature sensor
differs from the construction of a fill-level measuring device
without the temperature sensor only in the features that a
certain element is replaced by a similar element with the
temperature sensor and additional connection lines for
electrical contacting of the temperature sensor are present.
This facilitates the manufacture and offers the additional
advantage that no additional place for the temperature sensor is
required in the fill-level measuring device. The element, in
which the temperature sensor is integrated, is located
preferakly in the vicinity of the driver/receiver unit, wherein
the vicinity comprises the region of the measuring device, which
lies between the coscillatable unit and the pressure screw unit.
The pressure screw unit is, in such case, included within such
vicinity. 1In principle, any existing fill-level measuring
device element, whose temperature adjusts to that of the medium,
is suitable for accommodating the temperature sensor. Small
deviations between temperature of the medium and temperature at
the site of the temperature senscr can, in the case of known

deviations, be taken into consideraticon in determining the
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In a further development of the fill-level measuring device of the invention, the temperature sensor is
sintered in the bolt. In a further development of the invention, a ceramic element and a contact piece
with a contact surface with the membrane for transmitting the oscillations to the membrane are
provided in the region between the driver/receiver unit and the membrane and the temperature sensor
is mounted in the ceramic element. In this embodiment, no bolt is present extending through the
piezoelectric elements of the driver/receiver unit. The integrity of the stacked piezoelectric elements is
assured; forrexaamples by the Heatueei that thep are adherediwith dne arathererithey are arranged in a

shell, or. exgskele Additionally, the pre ew unit provides along the longitudinal axis a force
on the p?ezoe ec%tﬁ%r}e?em%%tgs?%vh%elrg%y%hgé}glr%eu éld\gt%f;rﬂé#g3 %%%12 cﬁ%lr%s%t]gad of the collar-like
elementisithe boiia the xbseidia davedeetives udit forred of anaukar piexoeldatde efements in the

case of washer shaped pirzoelactiip clementsvitaoyholt, a;ceramic glement isprovided far electrical

insulation between the piezoelectric elements and the membrane, or the contact piece. The ceramic
elementHadplefe@bly fift §&meisHape as the collar-like element of the bolt,

A first embodiment of the solution of the invention includes
that the piezoelectric elements of the driver/receiver unit are
connected with one another via a bolt, that the belt has a
contact piece with a contact surface with the membrane for
transmitting the oscillations, that the bolt is provided in the
region between the driver/receiver unit and the contact surface
with the membrane with a bore extending laterally to the
longitudinal axis, and that the temperature sensor is mounted in

the bore.

The integration of the temperature sensor into the bolt is
especially advantageous, since this in direct contact with the
measured medium and thereby, temperature at the site of the
temperature sensor adjusts rapidly to that of the measured

medium.

In a further development of the invention, the bore is located
in the collar-like element cf the bolt between the
driver/receiver unit and the contact surface with the membrane

laterally and orthogonally To the longitudinal axis.

In an alternative embodiment, the bore is located in the bgolt in

the rod-shaped element or in the rod-shaped element and the



In a further development of the solution of the invention, the temperature sensor is sintered into the
ceramic element. An advantageous embodiment provides that the ceramic element is manufactured
from a semiconductor material, that the ceramic element is provided on the surface facing the
membrane as well as on the surface facing the first piezoelectric element with a metal coating and that
the coated ceramic element forms the temperature sensor. Another further development of the
invention comprises that the piezoelectric elements of the driver/receiver unit have connection lines,
that thecteiperafuré seasemkkewise thasecoriiection lines / that ¢ie pressuré seralv thit has cavities,
and thay, he ayities in;the.pressure sorey. upit serve, far ageommodating thegonnection dines of the
piezoelectric elements and the connection lines of the temperature sensor. For example, the
connection lines are embodied as conductive traces on a flexible circuit board and connected via

solder tabg with,thefigzoelgeticelsments as well as withithe tempesattire SeRselz Eoing
accommodating the lines on the other end of the pressure screw unit, where the electronics is located,

cavities &8 preMiRHARHRE pfESSiE Sordwit! Btobgh WHEh THE coRfeditiPitesS ndRFembodied as
wire conguctors: argied 1B arcadditional:advaiiageqids-embpdiment:ie terperatare sensor is
mounted in the pressure screw ungtt. TQE’ embodiment Qfgers the adgang?gtehthat the region of the
fill-level thE88irTg 86ViRE, Which &Shtains the“tiverréddiver diit, Temains Unchanged. If temperature
sensor islmounted] far exanples intodhe gressuie schew umitfrorm the sidecof thedsousing

accommadatinghe elegtranics, then uly AROTenJbe presure aeray it is pecgssar, in order to

insert the temperature senso rough for the connection lines is not required. Since the
housingiis greferably masnefeeiedof metal, and the housing is in contact with the medium, whose
temperature is to be determined, on the side having the oscillatable unit, thermal contact between the
medium and the temperature sensor is produced via the housing. A further development of the fill-level

measurihy devieé ot thee@enBiBh ProviaBs trdt theFilABvaméasuring 8elicd is GMBAGHY device
for detegraining a:predetarmined filkdevet andsthe deasity ©f & medisna Withears oseibatory fork mounted

on the membrane.
In a further development of the fill-level measuring device of

the invention, the temperature sensor 1s sintered in the bolt.

In a further development of the invention, a ceramic element and
a contact piece with a contact surface with the membrane for
transmitting the oscillations to the membrane are provided in
the region between the driver/receiver unit and the membrane and

the temperature senscr i1s mounted in the ceramic element.

In this embodiment, no belt is present extending through the
plezoelectric elements of the driver/receiver unit. The
integrity of the stacked piezoelectric elements is assured, for
example, by the feature that they are adhered with one another
or they are arranged in a shell, or exoskeleton. Additicnally,

the pressure screw unit provides along the longitudinal axis a



The invention will now be explained in greater detail based on the appended drawing, the figures of
which show as follows: Fig. 1a fill-level measuring device of the state of the art; Fig. 2a a detail view of
a first embodiment of the driver/receiver unit and a first arrangement of the temperature sensor; Fig.
2b a detail view of a first embodiment of the driver/receiver unit and a second arrangement of the
temperature sensor; Fig. 3a a detail view of a second embodiment of the driver/receiver unit and a
third arrangement of the temperature sensor; Fig. 3b a detail view of a second embodiment of the
driver/réceiver unit ahe apspenial ernbodimentaithd tompermiteteyserisoy; are held

together as a stack.

Instead of the cecllar-like element of the bclt in the case of a
driver/receiver unit formed of annular piezoelectric elements in
the case of washer shaped piezoelectric elements without bolt, a
ceramic element is provided for electrical insulation between
the piezcelectric elements and the membrane, or the contact
piece. The ceramic element has preferably the same shape as the

collar-like element of the bolt.

In a further development of the solution of the invention, the

temperature sensor 1s sintered intc the ceramic element.

An advantageous embodiment provides that the ceramic slement is
manufactured from a semiconductor material, that the ceramic
element is provided on the surface facing the membrane as well
as on the surface facing the first piezoelectric element with a
metal coating and that the coated ceramic element forms the

temperature sensor.

Another further development cf the invention comprises that the
plezoelectric elements of the driver/receiver unit have
connection lines, that the temperature sensor likewise has
connection lines, that the pressure screw unit has cavities, and
that the cavities in the pressure screw unit serve for
accommodating the connection lines of the piezoelectric elements

and the connection lines of the temperature sensor.



Fig. 4a detail view of an alternative arrangement of the temperature sensor. Fig. 1 shows a section
through a vibronic fill-level measuring device 1 of the state of the art; there is, consequently, no
temperature sensor on the fill-level measuring device 1. Construction of a vibronic fill-level measuring
device 1 of the state of the art will be explained based on the figure. The housing 3 includes a housing
insert 30, which is mounted in one of the two end regions of the tubular housing 3. Such end region is
sealed by the membrane 2, on which is secured the oscillatable unit, which is embodied in this
exampleas asciltatdry, fotk: 24 chacated inthe hoasingriasenti36ds ¢hae drverfrebednerwmit 4, which in

this example of an embedimentis embodied a¢ 4 stack drive, which scamaosed of piezgglectric
elements 5 adhered with one another arranged in a stack. The

river/receiver unit 4 is clamped in such
a mannei batviden theepressard sérevedrinedird e Mehbrafe Withiat e pleyabed SEEVE unit 6

causes aresiress s, the,membrang 2 and the membiane,? is.excitedhy fg.drverfreceiver unit 4 to

execute oscillations in the direction of the longitudinal axis 7 of the housing 3, which are transmitted to
the oscHaRTY foik BE Brandged betWedithe Sredstrd-s6raw it 6 antFthesdiverfBedivefunit 4 is a

pedestal 60 for-presse transtar. fhe gkiver/recaiver unit 4 js eanneciadwith-thecmembrane 2 via a
contact piece 10a. Contact piece 10a is manufactured of an insulating material, L?tgﬁ xample, ceramic,

act p
and has 5iEt&abhy R hehiigpheSike 8RA5E, %0 fhat the BomRbHEGHEES 108 With-fié membrane 2 is

large enough, in order to transfer the
In an additional advantageous emboediment, the temperature sensorx
is mounted in the pressure screw unit. This embodiment offers
the advantage that the region of the fill-level measuring
device, which contains the driver/receiver uniit, remains
unchanged. If temperature sensor is mounted, for example, into
the pressure screw unit from the side of the housing
accommodating the electronics, then only a bore in the pressure
screw unit 1s necessary, in order to insert the temperature
sensor. A feedthrough for the connection lines 1s not required.
Since the housing is preferably manufactured of metal, and the
housing is in contact with the medium, whose temperature is to
be determined, on the side having the oscillatable unit, thermal
contact between the medium and the temperature sensor is

produced via the housing.

A further develcopment of the fill-level measuring device of the
invention provides that the fill-level measuring device is a

measuring device for determining a predetermined £ill level and
the density of a medium with an oscillatory fork mounted c¢n the

menbrane.



oscillations of the driver/receiver unit 4 to the membrane 2 in such a manner that the membrane is not
damaged. The oscillations executed by the oscillatable unit 14 are received b the driver/receiver unit 4
and forwarded to a control/evaluation unit (not shown), which is located, for example, in a housing
head on the end region of the housing 3 opposite the membrane 2. The control/evaluation unit
evaluates the oscillations as regards frequency, amplitude and/or phase and ascertains therefrom the
reaching of a predetermined fill level or the density of the measured medium. Figs. 2a and 2b disclose
a first opfien fiorvamembodiméht obthedfdl-level micasdriny dexicetefithddtventior s svithcannular
piezoelegilic SIIIRRIS ARd. A IRMPRIAIE.SENSOL 8 £ e driyeritaecivat upll dis,/n.such case.
constructed of a plurality of annular piezoelectric elements 5 stacked on a bolt 9, whose end forms the
pedestal 60, which transmits the pressure of the pressure screw unit 6 to the driver/receiver unit 4. The

pressureserewy unit6 seals-the-povsingsinsert-30.da yhich the diverfeseiver anitifkisgneynted and
the bolt 9 is screwed in. Bolt 9 is composed of metal or a ceramic suitable for transmission of
oscillations. Bolt 9 includes besides the rod-shaped element 91, which serves for holding the
piezoelecteic elementsde tegethen invihelr modnteskstaie; aacallandike £lement 90 and a contact piece
10a. Preferably, rod G;‘sha ed /element 91, collar-like element 90 arrlc% ggnta{a:%g{ec&l%% are cast as one
piece. In an alternafive- Sfbotini&nt the BlsmentsTorming Bolt 87are Individually manttactured and
subsequently joined: ¢éhtherdzoit:@ ¢s pramefactured of ceramic, then it is produced, for example, using
CIM (ceramic injection molding) technology. If bolt 9 is a metal bolt, then such is surrounded by a
ceramic sleeve, in order not to short circuit the piezoelectric elements 5. The preferably
hemisphgricallyforraedebatdct picoe Pla seibvessior HelpRAHARD the bseilations of the driver/receiver

unit 4 to the membrane 2. ThedJounded shaPe and a second arrangement of the

temperature sSensor;

Fig. 3a a detail view of a second embodiment of the
driver/receiver unit and a third arrangement of the

temperature sSensor;

Fig. 3b a detail view of a second embodiment of the
driver/receiver unit and a special embodiment of the

Temperature Sensor;

Fig. 4 a detail view of an alternative arrangement of the

temperature sensor.

Fig. 1 shows a section through a vibronic fill-level measuring
device 1 of the state of the art; there is, consequently, no
temperature sensor on the fill-level measuring device 1.
Construction of a vibronic fill-level measuring device 1 of the

state of the art will be explained based con the figure.



of the contact piece 10a and the setting of a prestress in the membrane 2 via the pressure screw unit 6
assure that there is always contact between the membrane 2 and the contact piece 10a, so that
transmitting of the oscillations from the driver/receiver unit 4 to the membrane 2 occurs safely at any
time. Fig. 2a shows a lateral introduction of the temperature sensor 8 into the bolt 9. The collar-like
element 90 forms the bearing surface of the stack of piezoelectric elements 5. In the collar-like
element 90 of the bolt 9 is a lateral bore 11, in which the temperature sensor 8 is arranged. If the bolt 9
is manuftroturecafimeta, thenithedemperatuse SgNSeI=8 i&m@@ntemi@he&mlﬁ;mgcpei;ﬁmic "
housing, for electrical insulation. In a preferre bodiment, the temperature sensor 8 is sintered in
the borgebfie, i.cé%.c b%grg 113 s@elrzlac[lgedr 89 goéiesra?ngce%ﬁj@g,%v%ghl \E/‘vléshsci}b?é&gd 10 a SiHtet p?Béiess after the
mounting4r ilva bkt % Fheepiczpelettricnelements Shaveicornmectiondinesd3as avhidle serve for their

voltage supaly; Lhe,soanggtion lings dnaaredsd trough,cavities In the prassure screw unit 6 from the
piezoelectric elements 5 to the control/evaluation unit. The temperature sensor 8 Is preferably a metal
resistanté Sens6E Wtich 38 forkfed essetitiafiyl of a rAkanbietshaped metallayér dppligaeon a

substratg-The resistance.ef theimetal layer is, temperature.dependent Preferghly involved here is a

platinum meander. Temperature sensor 8 likewise has connection lines 13b. These are led, in equal

manner 58 ifTRELAEE GFhé cHhRE&IGH s 135 bFthe BicsoBReERIcRIEHE T tRtER1C

elements 5 adhered with one another arranged in a stack.

The driver/receiver unit 4 is clamped in such a manner between
the pressure screw unit 6 and the membrane 2 that the pressure
screw unit 6 causes a prestress in the membrane 2 and the
membrane 2 is excited by the driver/receiver unit 4 to execute
oscillations in the direction of the longitudinal axis 7 of the
housing 3, which are transmitted to the oscillatory fork 14.
Arranged between the pressure screw unit 6 and the

driver/receiver unit 4 is a pedestal 60 for pressure transfer.

The driver/receiver unit 4 is connected with the membrane 2 via
a contact piece 10a. Contact piece 10a is manufactured of an
insulating material, for example, ceramic, and has preferably a
hemisphere~like shape, so that the contact surface 10b with the
membrane 2 is large enough, in order to transfer the
oscillations of the driver/receiver unit 4 to the membrane 2 in

such a manner that the membrane is not damaged.

The oscillations executed by the oscillatable unit 14 are
received b the driver/receiver unit 4 and forwarded to a
control/evaluation unit (not shown), which is located, for

example, in a housing head on the end region of the housing 3

10



the pressure screw unit 6. Either such occurs through the same cavities, through which also the
connection lines 13a of the piezoelectric elements 5 are led, or separate cavities for the connection
lines 13b of the temperature sensor 8 are provided in the pressure screw unit 6. Fig. 2b shows a
second example of an embodiment for the arrangement of the temperature sensor 8 in the bolt 9. In
such case, the bore is not laterally extending in the collar-like element 90 of the bolt 9. Instead, the
rod-shaped element 91 is provided with a bore extending centrally along its longitudinal axis and
continuingrinto the collardideieiement 90. Thsuchvwaypihestemiperaiure sensbr 8vaserddace in the bore is
in direct contael with fhe sontact piece 1093 e Ihal an.optimalheds ransierip e gaciitable unit 14
is assured. An adlvantage in the case of such embodimént is tﬁatt e connection lines 13b of the
temperatiife 8695018 tan bdleds Sotatediforn the tdhdectoralimax 184 oFIHe pidzbelektric elements

5, through.a.hore,inthe pressure screw it § comumunicating with the bore in the bolt 9. The assembly
of a vibronic fill-level measuring device 1 with the temperature sensor 8 requires, compared with

assembly without the temperature sensor 8, only the replacement of a bolt 9 without the temperature
sensor with 4, bolt 9awith intearated deraperaturessersal iSand dhe modifyingiehibecavitiesef the
pressure screw unit 6. The introduction of the emgterature sensor 8 into the bolt 9 offers the

advantage'that e terfiSEratire SerfSor &8 iftegrated T &R exidting Cohipbrfeht Ahd: thus, except for
the temperaturel sensor B, aicadditiendl conipenerts@re necessaynFhis, ®n the one hand, saves

costs ang, onihe,ather 0ang, o adgitional steps,or ygps ditaring framaanyenlgnamanufacturing
steps are necessary for assemet;:llng the components. lglgs. aand 3 sﬁow a second embodiment of
the vibrodigfitlllével méasoring devicesk aitherdnver/rekeiver Lpit4 efmbolietl 83 asstaek Brive without

bolt andea tempetature;sensar8./Mybile the piezpelactric rlements o.desaribed n Fige2 are stacked on

a bolt 9, the piezoelectric elements 5 of the driver/receiver unit 4 are, in these examples of
embodiPEnt RryEEHSHHE fEFERIMprE. hefd toycthér By AdRELTE BoRE. ori el or eXdBkeleton.

After asgembletthedilipveh measudag devige:1 iscemplete nifiemressyreiscrawiunit @assures that

the components are held together. . ) .
driver/receiver unit 4 is mounted and the bolt 9 1s screwed 1in.

Bolt 9 is ccomposed cof metal or a ceramic suitable for
transmission of oscillations. Belt 9 includes besides the rod-
shaped element 91, which serves for holding the pilezoelectric
elements 5 together in their mounted state, a collar-like
element 90 and a contact piece 10a. Preferably, rod shapsed
element 91, collar-like element 90 and contact piece 10a are
cast ag one piece. In an alternative embodiment, the elements
ferming bolt 9 are individually manufactured and subseqguently
joined. If the bolt 9 is manufactured of ceramic, then it is
produced, for example, using CIM {(ceramic injection mclding)
technology. If bolt 9 is a metal bolt, then such 1s surrounded
by a ceramic sleeve, in order ncot to short circuit the
piezoelectric elements 5. The preferably hemispherically formed
contact piece 10a serves for transmitting the oscillations of

the driver/receiver unit 4 to the membrane 2. The rounded shape

11



The installation of the driver/receiver unit 4 occurs via a housing insert 30, which is mounted in that
end region of the tubular housing 3 sealed by the membrane 2. In the floor of the cup shaped housing
insert 30 is the metal contact piece 10a for transmitting the oscillations of the driver/receiver unit to the
membrane 2. For example, it is screwed into the floor. Between the contact piece 10a and the
piezoelectric elements 5 is a ceramic element 12 for electrical insulation, which is adhered with the
contact piece 10a and the lowest piezoelectric element 5. The pressure screw unit 6 exercises via the
pedestad B0cpressumeten the deiver/idseivardinitv and Essues; 5oz arfixedtinstafied npasigon of the

membTasis UHLPiesyessdndhe bousing.S faddiionally the puzssLe SR Ui A.sqas the housing
insert 30 on its open side relative to the housing 3. The temperature sensor 8 is, in the example of an
embodifent Hitistrated it Fiefe BaS fifte §RReB19HB THe TefarmittelEhferf ARt Aher&ifacis preferably

mounted in agteralhoren For exgmple cihe temperauwe sg9sen8.s sintered in the ceramic element
12, i.e. the bore is sealed by a ceramic plu%jlwhich was subé'ected to a sinter process after the

mountirfF6rY tHe' E&EREBleteht 12. FPah BhRelFRRESRbAdINTEHE theSféyritiéh of e temperature
sensor 8 pgeurs in the manufacture of the ceramic element 12 in the form of applying an intermediate
layer, for example, of platinum. The ceramic element 12 is isolated only by the contact piece 10a from
the membrane 2. Since it is a metal contact piece 10a, thermal coupling of the ceramic element 12
with theFmediubs issassured Via the alembraned? cihieceramitleternent 82 33 anestatlisheds

component of aalbrgnic flslevel meassing devige. 1 yiih,adherd sfackdrivgesq.hal fag temperature

sensor 8 is integrated in a space saving manner in an existing component. No housing for the
temperaiuresartsor B ishiecEssaly, since tecsdrafifiec Blergdsianwhich-it istmtédrated, is already

deCU“EHBﬂQQJaﬁﬁﬂe element 90 of the bolt 9 is a lateral bore 11, in
which the temperature sensor 8 is arranged. If the bolt 9 1is
manufactured of metal, then the temperature sensor 8 is mounted,
for example, in a ceramic housing, for electrical insulation.
In a preferred embodiment, the temperature sensor 8 is sintered
in the bore 11, i.e. bore 11 is sealed by a ceramic plug, which

was subjected to a sinter process after the mounting in the bolt

9.

The piezoelectric elements 5 have connection lines 13a, which
serve for their voltage supply. The connection lines 13a are
led through cavities in the pressure screw unit 6 from the
piezoelectric elements 5 to the control/evaluation unit. The
temperature sensor 8 is preferably a metal resistance sensor,
which is formed essentially of a meander shaped metal layer
applied on a substrate. The resistance of the metal layer is
temperature dependent. Preferably involved here is a platinum
meander. Temperature sensor 8 likewise has connection lines
13b. These are led, in equal manner as in the case of the

connection lines 13a of the pilezoelectric elements 5, through

12



In an alternative embodiment shown in Fig. 3b, the temperature sensor 8 is formed by the ceramic
element 12 itself, in that a semiconductor material is placed in the ceramic material and the ceramic
element 12 is coated with a metal on the lateral surface facing the membrane 2 as well as on the
lateral surface facing the piezoelectric elements 5 of the driver/receiver unit. Instead of connection
lines 13b, an option is that the metal layers are provided with solder tabs, via which they are
connected with conductive traces on a circuit board, wherein likewise conductive traces are provided
on the circaitboass for<he piezoeledtricielements:b rFigu dishowsaa furthercexgmplecofssmarrangement

of the temper wre s L 8. i%h.i an option both in connection.with the, for e le, adhered
stack dr{;\%e (\?Lvi%%out'bo t g as%el aé%llsoa %ngﬁnhe%tigﬁ%%c%éogn%uﬁgre Bi?z%%le% rirc?gfpéments 5
stackediorethes3¢icg rike tdpiperdiare sensor @b intagratack e seclrsads, linto therprelssure screw

unit 6. The-thermalcontagtwith fhe mediym, whose temperature is.to Be deternined jis produced via

the metal housing 3, so that the temperature sensor 8, in spite of the, in comparison with the other
examplé<'6f ERBBaMENE CgrRatEPdistdhce to the medium, determines its temperature relatively
exactly. Relative exactly means, in such case that the deviations between actual temperature of the

medium gnd d% ermined temperature of the rriediu%n lie within usual specifications. List of Reference
CharactérS1filtfevel iastring deificxampie of an embodiment for the

arrangement of the temperature sensor 8 in the bolt 9. In such
case, the bore is not laterally extending in the collar-like
element 30 of the beolt 9. 1Instead, the rod-shaped element 291 is
provided with a bore extending centrally along its longitudinal
axis and continuing into the collar-like element 90, In such
way, the temperature sensor 8 inssrted in the bore is in direct
contact with the contact piece 10a, so that an optimal heat
transfer to the oscillatable unit 14 is assured. An advantage
in the case of such embodiment is that the connection lines 13b
of the temperaturse sensor 8 can be led, isolated from the
connection lines 13a of the piezoelectric elements 5, through a
pore in the pressure screw unit 6 communicating with the bore in

the bolt 5.

The assembly of a vibronic fill-level measuring device 1 with
the temperature sensor 8 requires, compared with assembly
without the temperature sensor 8, only the replacement of a bolt
9 without the temperature sensor with a bolt 9 with integrated
temperature sensor ¥ and the modifying of the cavities of the

pressure screw unit 6.

The introduction of the temperature sensor 8 into the bolt ¢

offers the advantage that the temperature sensor 8 1is integrated

13



2membrane 3housing 4driver/receiver unit Spiezoelectric elements 6pressure screw unit 7longitudinal
axis 8temperature sensor

in an existing component and, thus, except for the temperature
senscr 8, no additional components are necessary. This, on the
one hand, saves costs and, on the other hand, no additional
steps or steps differing from conventional manufacturing steps

are necessary for assembling the components.

Figs. 3a and 3b show a second embodiment of the vibronic £fill-
level measuring device 1 with a driver/receiver unit 4 embodied
as a stack drive without kolt and a temperature sensor 8. While
the piezoelectric elements 5 described in Fig. 2 are stacked on
a bolt 9, the pilezoelectric elements 5 of the driver/receiver
unit 4 are, in these examples o¢f embodiments for mounting, for
example, held together by adhesive bonds or a shell, or
exoskeleton. After assembly of the fill-level measuring device
1 is complete, the pressure screw unit % assures that the

compenents are held tcgether.

The installation of the driver/receiver unit 4 occurs via a
housing insert 30, which is mounted in that end region of the
tubular housing 3 sealed by the membrane 2. In the floor of the
cup shaped housing insert 30 is the metal contact piece 10a for
transmitting the oscillations of the driver/receiver unit to the
membrane 2., For example, it is screwed into the floor. Between
the contact piece 10a and the piezoelectric elements 5 is a
ceramic element 12 for electrical insulation, which is adhered

with the contact piece 10a and the lowest piezcelectric element
5.

The pressure screw unit 6 exercises via the pedestal 60 pressure

on the driver/receiver unit 4 and assures, so, a fixed installed

14



9bolt 10a contact piece 10b contact surface 11bore 12ceramic element 13a connection lines of the
piezoelements 13b connection lines of the temperature sensor

position of the membrane Z with prestress in the housing 3.
Additionally, the pressure screw unit & seals the housing insert

30 on its open side relative to the housing 3.

The temperature senscr 8 is, in the example of an embodiment
illustrated in Fig. 3a, integrated into the ceramic element 12,
wherein it is preferably mounted in a lateral bore. For
example, the temperature sensor 8 1s sintered in the ceramic
element 12, i.e. the bore is sealed by a ceramic plug, which was
subjected to a sinter process after the mounting on the ceramic
element 12. In an aiternative embodiment, the integration of
the temperature sensor 8 occurs in the manufacture of the
ceramic element 12 in the form of applyving an intermediate
layer, for examplie, of platinum. The ceramic element 12 is
isolated only by the contact piece 10a from the membrane 2.
Since it is a metal contact piece 10a, thermal coupling of the

ceramic element 12 with the medium is assured via the membrane

2.

The ceramic element 12 is an established component of a vibronic
fill-level measuring device 1 with adhered stack drive, so that
the temperature sensor 8 is integrated in a space saving manner
in an existing compcnent. No housing for the temperature sensor
8 is necessary, since the ceramic element, in which it is

integrated, 1s already electirically insulating.

In an alternative embodiment shown in Fig. 3b, the temperature
senscr 8 is formed by the ceramic element 12 itself, in that a
semiconductor material is placed in the ceramic material and the

ceramic element 12 is cocated with a metal on the lateral surface

15



14oscillatable unit/ oscillatory fork 30housing insert 60pedestal 90collar-like element 91rod shaped
element Patent Claims

facing the membrane 2 as well as on the lateral surface facing
the piezoelectric elements 5 of the driver/receiver unit.
Instead of connection lines 13b, an option is that the metal
layers are provided with solder tabs, via which they are
connected with conductive traces on a c¢ircuit board, wherein
likewise conductive traces are provided on the circuit board for

the piezoelectric elements 5.

Fig. 4 shows a further example of an arrangement of the
temperature sensor 8, which is an option both in connection with
the, for example, adhered stack drive without bolt 9 as well as
also in connection with the annular piezoelectric elements 5
stacked on the bolt 9. The temperature sensor 8 is integrated,
in such case, into the pressure screw unit 6. The thermal
contact with the medium, whose temperature is to be determined,
is produced via the metal housing 3, so that the temperature
sensor 8, in spite of the, in comparison with the other examples
of embodiments, greater distance to the medium, determines its
temperature relatively exactly. Relative exactly means, in such
case that the deviations between actual temperature of the
medium and determined temperature of the medium lie within usual

specifications.
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1. Fill-level measuring device (1) for determining fill level of a medium in a container or a pipeline,
comprising: A membrane (2), which is placed in such a manner on one of the two end regions of a
tubular housing (3) that it seals the housing (3) on such end region; an oscillatable unit (14) placed on
the side of the membrane (2) facing away from the housing (3); a driver/receiver unit (4), which is
composed of a plurality of piezoelectric elements (5) arranged in a stack; wherein the driver/receiver
unit (4) is placed via a pressure screw unit (6) in such a manner in the housing (3) that it oscillates in
the direction of the longitudinal axis {7).af the fiausing (rhetweentke membrane (2) and the pressure
screw unit (6), whereby it excites the oscillatable unit (14) via the membrane (2) to execute
oscillations; a control/evaluation unit, which evaluates amplitude, frequency, and/or phase of the
oscillatians of thel ascillatablecanit (14 andsarteraperature sensor (8) for determining temperature of
the medium; cggg%cterized in that the temperature sensor (8) is integrated in a fill-level measuring
device (1) element (“2“99 6), which is in thermal contact with the medium via the membrane (2) or the
housing3(3), wheksin tige element (12, 6, 9) is so selected that the oscillatable unit (14) oscillates

unimpaiged by the temperature sensor: (8). 2. Fill-level measuring device as claimed in claim 1,
characterized in that the piezoelectric elements (5) of the driver/receiver unit (4) are connected with
one another viBB6R {9): T Bokt Y9FRES & contact piece (10a) with a contact surface (10b) with the

membrane (2)dectransmitting dhe @seilations, the bolt (9) is provided with a bore (11) and the
temperature sensor (8) is, mounted in the bore (11). 3. Fill-level measuring device as claimed in claim

2. charatterizedGhatdinal axis

8 temperature sensor

9 bolt

10a contact piece

10b contact surface

11 bore

12 ceramic element

13a connection lines of the piezoelements
13b connection lines of the femperature sensor
14 oscillatable unit/ coscillatory fork
30 housing insert

60 pedestal

90 collar-like element

91 rod shaped element
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the bore in the bolt (9) is located in the collar-like element (90) between the driver/receiver unit (4) and
the contact surface (10b) with the membrane (2) laterally and perpendicularly to the longitudinal axis
(7). 4. Fill-level measuring device as claimed in claim 2, characterized in that the bore in the bolt (9) is
located in the rod-shaped element (91) or in the rod-shaped element (91) and the collar-like element
(90) between the driver/receiver unit (4) and the membrane (2) and extends in the direction of the
longitudinal axis (7). 5. Fill-level measuring device as claimed in claim 2, 3 or 4, characterized in that
the bolt (9) is manufactured of metal or ceramin 6. Ellklevel measuring device as claimed in at least
one of claims 2-5,

1. Fill-level measuring device (1) for determining fill level

of a medium in a container cor a pipeline, comprising: A membrane

(2}, which is placed in such a manner on one of the two end

regions of a tubular housing (3} that it seals the housing (3}

on such end region; an oscillatable unit (14) placed on the side

0of the membrane (2) facing away from the hcusing (3}; a

driver/receiver unit {4), which is composed cf a plurality of

plezoelectric elements (5) arranged in a stack; wherein the

driver/receiver unit (4) is placed via a pressure screw unit (6)

in such & manner in the housing {3} that it oscillates in the

direction of the longitudinal axis (7} of the housing (3)

between the membrane (2) and the pressure screw unit (6},

whereby 1t excites the oscillatable unit (14) via the membrane

(2) to execute oscillations; a control/evaluation unit, which

evaluates amplitude, fregquency, and/or phase of the cscillations

cf the oscillatable unit (14); and a temperature sensor (8) for

determining Temperature of the medium;

characterized in that

the temperature sensor (8) is integrated in a fill-level

measuring device (1} element (12, 9, &), which is in thermal

contact with the medium via the membrane (2} or the housing (3),

wherein the element (12, €, 9) is so selected that the

oscillatable unit (14) oscilllates unimpaired by the temperature

sensor (8).

2. Fill-level measuring device as claimed in claim 1,

characterized in that
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characterized in that the temperature sensor (8) is sintered in the bolt (9). 7. Fill-level measuring
device as claimed in claim 1, characterized in that a ceramic element (12) and a contact piece (10a)
with a contact surface (10b) with the membrane (2) for transmitting the oscillations to the membrane
(2) are provided in the region between the driver/receiver unit (4) and the membrane (2), and the
temperature sensor (8) is mounted in the ceramic element (12). 8. Fill-level measuring device as
claimed in claim 7, characterized in that the temperature sensor (8) is sintered in the ceramic element
(12). the piezoelectric elements (5) of the driver/receiver unit (4}

are connected with one another via a bolt {(9), the bolt {9) has
a contact pilece (1lGa) with a contact surface (10b) with the
memprane (2) for transmitting the oscillations, the bholt (9) is
provided with a bore (11) and the temperature sensor (8) is

mounted in the bore (11}.

3. Fill-level measuring device as claimed in claim 2,
characterized in that

the bore in the bolt (9) is located in the collar-like element
(90) between the driver/receiver unit {4} and the contact
surface {1Cb} with the membrane (2} laterally and

perpendicularly to the longitudinal axis (7).

4. Fill-level measuring device as claimed in claim 2,
characterized in that

the bore in the bolt (9) is located in the rod-shaped element
{21} or in the rod-shaped element (91) and the cecllar-like
element (90} between the driver/receiver unit (4) and the

membrane (2} and extends in the direction of the longitudinal

axis (7).

5. Fill-level measuring device as claimed in claim 2, 3 or 4,
characterized in that the bolt (9) is manufactured of metal or

ceramic.

6. Fill-level measuring device as claimed in at least one of
claims 2-5,
characterized in that

the temperature sensor {8) is sintered in the bolt (5).
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9. Fill-level measuring device as claimed in claim 7, characterized in that the ceramic element (12) is
manufactured from a semiconductor material, the ceramic element (12) is provided on the surface
facing the membrane (2) as well as on the surface facing the first piezoelectric element with a metal
coating and the coated ceramic element (12) forms the temperature sensor (8). 10. Fill-level
measuring device as claimed in at least one of the preceding claims, characterized in that the
piezoelectric elements (5) of the driver/receiver unit (4) have connection lines (13a) the temperature
sensor (8) likewise has connection lines (13b)

7. Fill-level measuring device as claimed in claim 1,
characterized in that

a ceramic element {12) and a contact piece (10a} with a contact
surface (1Cb}) with the membrane (2} for transmitting the
oscillations to the membrane (2) are provided in the region
between the driver/receiver unit (4) and the membrane (2}, and

the temperature sensor (8) is mounted in the ceramic element
{(12).

8. Fill-level measuring device as claimed in claim 7,
characterized in that
the temperature sensor (8) 1s sintered in the ceramic element

(123 .

9. Fill-level measuring device as claimed in claim 7,
characterized in that

the ceramic element (12} is manufactured from a semiconductor
material, the ceramic element (12) is provided on the surface
facing the membrane (2) as well as on the surface facing the
first piezoelectric element with a metal coating and the coated

ceramic element {12) forms the temperature sensor {(8).

10. Fili-level measuring device as claimed in at least cne of
the preceding claims,

characterized in that

the piezoeleciric elements (5) of the driver/receiver unit (4)
have connection lines (13a)

the temperature sensor (8) likewise has connection lines (13b)
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the pressure screw unit (6) has cavities, and the cavities in the pressure screw unit (6) serve for
accommodating the connection lines (13a) of the piezoelectric elements (5) and the connection lines
(13b) of the temperature sensor (8). 11. Fill-level measuring device as claimed in claim 1,
characterized in that the temperature sensor (8) is mounted in the pressure screw unit (6). 12.
Fill-level measuring device as claimed in at least one of the preceding claims, characterized in that the
fill-level measuring device (1) is a measuring device for determining a predetermined fill level and the
density bha medismwith arrescillatory fork (L4esmosmied es themembranss()ties in

the pressure screw unit (6) serve for accommodating the
connection lines (13a) of the piezoelectric elements (5) and the

connection lines (13b) of the temperature sensor (8).

11. Fill-level measuring device as claimed in claim 1,
characterized in that
the temperature sensor (8) is mounted in the pressure screw unit

(6).

12. Fill-level measuring device as claimed in at least one of
the preceding claims,

characterized in that

the fill-level measuring device {1) is a measuring device for
determining a predetermined £i1l11l level and the density of a
medium with an cscillatory fork (14) mounted on the membrane

(2} .
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