METHOD FOR DETERMINING AND/OR MONITORING AT LEAST ONE PHYSICAL, PROCESS
VARIABLE The present invention relates to a method for determining and/or monitoring at least one
physical, process variable of a medium with an oscillatable unit, wherein a transmitting/receiving unit
by means of transmission signals excites the oscillatable unit to execute oscillations, wherein the
oscillations of the oscillatable unit are received in the form of received signals, and wherein the
process variable is determined and/or monitored based on frequency and/or amplitude of the received
signal and/or phase shift between transmission and received signals. T'ngrocess variable is, for

|

example, Kl of Bt Q%ﬁﬁﬁgﬁ %%n‘éw,lgro\ﬁ%i@%f%‘; d e Eﬁﬁé%ﬁé‘,'with

which the process variable is determinedrgronapitoregr i@ vibronic measuring device, wherein the
oscillatable unit is embodied preferably as a membrane, an oscillatory fork or a single rod. The main
use of vibronic measuring devices is for fill level measurement of liquids in containers. For detection of
the reaching of a predetermined fill level, the effect of oscillation damping is utilized. The measuring
device céhtairs&a REillataisie bhith mitst ofteR, ircthe fofh 2otvd e determining ana/ox

monitoring at least one physical, process variable of a medium
with an oscillatable unit, wherein a transmitting/receiving unit
by means of transmission signals excites the oscillatable unit
o execute oscilliations, whearein the oscillations of the
oscillatakle unit are received in the form ¢f received signals,
and wherein the process variable is determined and/or monitored
based on frequency and/or amplitude of the received signal

and/or phase shift between transmission and received signals.

The process variable is, for example, fill level of a medium in
a container, density, or wviscosity of a liguid. The apparatus,
with which the process variable is determined or monitored, is a
vibronic measuring device, wherein the oscillatable unit is
embodied preferably as a membrane, an oscillatcry fork or a

single rod.

The main use c¢f vibronic measuring devices is for £ill level
measurement of liguids in containers. For detection of the
reaching of a predetermined fill level, the effect of
oscillation damping is utilized. The measuring device contains

an oscillatable unit, most often, in the form a two tine,



oscillatory fork, which is arranged on a membrane, which is excited to execute oscillations with the
resonance frequency. Known, however, are also oscillatable units in the form of an oscillatable rod or
a membrane without elements arranged supplementally thereon. A subceeding of, or falling beneath, a
predetermined fill level can be recognized by the feature that the oscillation is no longer damped by
the medium. Conversely, the reaching of a predetermined maximal fill level can be recognized by the
feature that the oscillation is damped, as soon as the oscillatable unit is oscillating no longer in air, but,
instead ingthé mediony Asaituleythefill level of tarfif mediummeoedes:aftera tertairstime and the

oscillatable i then oscllates fresly. again. Thistepingrant covering:otthe ascilatable yinit with the

liquid can lead to residues on the oscillatable unit. Such accretions arise especially when the fill

medium iiffes & VECERE liRAG, Suchras Aftistardtara/syurtn ifistichrdépusits 967in ©h the oscillatable

unit, this.coreupts the measwing, sincedhe oscillafionfiequeney degreases.hecause of the extra mass
which is then being moved. The process variable is then no longer reliably determinable, for example,

becausetRBHCEER I M ds ity Belice rb ONYER BEtdtEs Whenthe HacitaihIE #Rftds Bsciiating out

of the mediva: theretose, it is desicale te gdeveloprptarmationonwhether the measuring:device is

free of a%%rgtion anfl deIi.vering reliablﬁ measured valtée% Known fr%[n the st%te of the art for accretion
[

detectior are MetRGAS for detatting changas inHE-Ostitaion tredUenty dr the B8&MATEDIe unit. Thus,
DE 1001#724Adatelaches afmathod; die wehich axthange iofdlle mass dfdthe bscilatalide unit is

recognized by ualuating at east o pscilalign modes, which ace greferably jpflugnced differentl by

the medium. This method is disadvantageous, on the one hand, because two completely decoupled
oscillatiorPBdés midist exist] and el Hfe Biher hand? fivat thédel st be lroeessetheleetronically,

which plggle_s’ highJseguirements on.thg glgctronics.

As a rule, Tthe £fill level ¢f the fill medium recedes after a
certain time and the oscillatabkle unit then cscillates freely
again. This tempcorary covering of the oscillatable unit with
the liquid can lead to residues on the oscillatable unit. Such
accretions arise especially when the fill medium inveolves a
viscous ligquid, such as mustard or vyogurt. If such deposits
form on the oscillatable unit, this corrupts the measuring,
since the oscillation frequency decreases because of the sxtra
mass which is then being moved. The process variable is then no
longer reliliably determinable, for example, because the accreted
measuring device no longer detects when the oscillatable unit is
cscilllating out of the medium. Therefore, it is desirable to
develop informaticn on whether the measuring device is free of

accretion and delivering reliable measured values.



Known from DE 10328296 Al is a method, in which a limit value for the oscillation frequency is
established as a function of the process conditions. Subceeding, or falling beneath, this limit value is
equated to accretion formation. A disadvantage of this method is that the limit value must be newly
determined for each medium, and variable factors, such as temperature, influence the limit value.
Furthermore, in the case of application of the apparatus for detecting a maximal fill level, the limit value
is also subceeded when the medium rises and covers the oscillatable unit, so that, in the case of
gradual Sovering, withdutotlermeasares; 4 is difficylt tadistirguish b&tween acoretion and covering

becaus i as risen. An obj the jnvention is to proyi m or determining
and/or r%l g:]%gﬁ% ?%%c%ig%ﬁ?la fe %v%%g%e L:(])Sjél Ia%gb%e ﬁ%éf v%%cﬁ%%@tﬁo%%%%&ég ré%rreover, the
detectioit ot agéretibhadrithecoseillatablelimnie  THeE oBjeelis athievetEpy iirsfeatiestthgt tiie behavior

of amplityde of the seceived signal is gxamingd and eyaluated.ag g:fungtign of a time variation of the
exciting of the oscillatable unit, and that it s determined therefrom, whether accretion has formed on
the osciltapimed by evaluating at least two oscillation modes, which

are preferably influenced differently by the medium. This
method is disadvantageous, on the one hand, because two
completely decoupled oscillation modes must exist, and, on the
cther hand, that these must be processed electronically, which

places high reguirements on the electronics.

Known from DE 1032829¢ Al is a method, in which a limit wvalue
for the oscillation frequency 1s established as a function of
the process conditions. Subceeding, cor falling beneath, this
limit value is egquated to accretion formation. A disadvantage
of this methoed 1s that the limit wvalue must be newly determined
for each medium, and variable factors, such as temperature,
infiuence the limit value. Furthermore, in the case of
appilcation of the apparatus for detecting a maximal £fill level,
the limit value is also subceeded when the medium rises and
covers the osciilatable unit, so that, in the case of gradual
covering, without other measures, it is difficult to distinguish

between accretion and covering because the medium has risen.

An object of the inventicn 1s to provide a method for

determining and/or meonitoring a process variable with an



Time variation of the exciting means, for example, an interruption of the exciting or a changing of the
excitation frequency. The method is suited especially for accretion detection in the case of fill-level
measuring devices, which utilize so-called MAX-operation, i.e. for overflow protection. In the case of
this application, the oscillatable unit oscillates most of the time via in air, until the medium reaches the
predetermined fill level. In air, the oscillation occurs undamped, so that the decay behavior of the
oscillatable unit can be examined by considering the lessening amplitude of the received signal
especiallyseasily=aftes an exciting.whithe casetofoselatior: in theomeditsn, thehescilkationtdecays
because c%f the darr%pigg.s(ij%niﬁ?gntl faster E%%Qaet a}lnpinvestigation of the decay behavior is difficult in

r SCLl 1A . . . . .
such case. fdccﬁtlgna]lly, it fnust be |SsﬁngU|s ed, whether the faster decaying of the oscillation is

alone due to the medium or supplementally affected by accretion. For overcoming this problem, an
option is that, at start-up of the measuring device or already in the plant, for determined media, a

calibratiommeasuermentisperiormead, iy which thesdegay-behaviordsrecorgied.after the exciting of the
accretion free, oscillatable unit. This calibration measurement can serve as a reference for later

measurifgFin thé Casé bf Whict 5CEretioh i§ poesibly ocated o e 5B ait A first®
embodintentcof the solutiontofribe waventionoprovitestthattheiasoilatallewnit isexcited bytheans of a
frequency sweep within & predetermined frequency band in the working range, of the osgilatgble unit
by means of transmission signLaIs successive yefo execute oscillations with discrete exciter requencies
followingfonmaftecthetother, swherkirt el esciliatable unit has a resonance frequency fRES, and
wherein at least one of the exciter frequencies lies within a narrow interval around the resonance
frequency fRES,

Time variation of the exciting means, for example, an
interruption of the exciting or a changing of the excitation

freguency.

The method 1s suited especially for accretion detection in the
case of fill-lievel measuring devices, which utilize so-called
MAX-operation, 1.e. for overflow protection. In the case of
this application, the oscillatable unit oscillates most of the
time via in air, until the medium reaches the predetermined fill
level. In air, the oscillation cccurs undamped, so that the
decay behavior of the oscillatable unit can be examined by
considering the lessening amplitude of the received signal
especially easily after an exciting. In the case of oscillation
in the medium, the oscillation decays bhecause of the damping
significantly faster, so that an investigation of the decay
behavior is difficult in such case. Additicnally, it must be

distinguilshed, whether the faster decavying of the oscillation 1s



and that the received signal is evaluated relative to modulations, which occur in the received signal in
the form of local maxima and minima, wherein the local maxima of the received signal are detected,
which occur when the decaying oscillation with the exciter frequency lying in the narrow interval
around the resonance frequency fRES superimposes constructively with oscillations at frequencies
following in the sweep and wherein, as a function of the number and/or height of the detected local
maxima, it is detected, whether accretion has formed on the oscillatable unit. In an advantageous
embodimeént; theteds ascetaineddiythecsweepahaaseilation fregiieacy i the caserefwhich a
predeterpined phase shift ¢ Is Prssgnt between ransmission signal and received signal.

the measuring device or already in the plant, for determinad

media, a calibration measurement is performed, in which the

decay behavior is recorded after the exciting of the accretion

iree, oscillatabkle unit. This calibration measurement can serve

as a reference for later measuring, in the case of which

accretion is poessibly located on the coscillatable unit.

A first embodiment of the solution of the invention provides
that the oscillatable unit is excited by means of a freguency
sweep within a predetermined freguency band in the working range
of the oscillatable unit by means of transmission signals
successively to execute coscillations with discrete exciter
frequencies following ons after the other, wherein the
oscillatable unit has a resonance frequency fRES, and wherein at
least one ¢f the exciter freguencies lies within a narrow

interval around the resonance freguency fRES,

and that the received signal i1s evaluated relative to
modulations, which occur in the received signal in the form of

local maxima and minima,

herein the local maxima of the received signal are detected,
which occur when the decaying oscillation with the exciter
frequency lying in the narrow interval around the resocnance
frequency fRES superimposes constructively with oscillations at

freguencies following in the sweep and wherein, as a function of



An advantageous method for exciting the oscillatable unit includes that the feature that the oscillatable
unit is excited to execute oscillations with discrete excitation frequencies within a frequency sweep. In
an embodiment, during the frequency sweep, that oscillation frequency is sought, in the case of which
a predetermined phase shift L(f) occurs between transmission signal and received signal. Preferably,
the predetermined phase shift Af - 90, so that the eigenfrequency of the oscillatable unit is ascertained
by the frequency sweep. The received signal is evaluated relative to its amplitude in such a manner
that that fregueney 4s-deteiminedydn dne case of whieh the-predeteratingd phase shift Akis present and
the receiggges(i:gcnea%hshowst%global maxgmum,\ thus %he amCPIitude;s maximuﬂ. An especiall
advantageous'me od'for eva?uﬁﬁl%rt%elé)rrﬁpﬁt%%e iS desErised in'a y%? ﬁﬁpuﬁl?s‘?’% pé‘lﬁﬁ application
(DE 102009028022) of the assignee. In the there disclosed method, the received signal is phase
selectively sampled, so that occurring maxima are more clearly brought out and, additionally, the
calculative effartis;lassensdon an-aliernatiye embodinent, the received signalis.evalugted not with

reference to the phase shift between transmission signal and;reqeived signal, but, instead, the
frequency sWeEsp is' perfetindd 6AFOF Bvaltiation Fefaiioe t& ackietioh. fn thesreebR/HSigRal of a
frequencyrsweepshere are, besisles=a glohad maximunt,ather:locabmaxima presem. In the case of a

frequenc¥ sweep Eor ascertf\ining a frequency, in the case of which a predetermined phase shift Lf
cced . S1gnda L. . . . . . .
between Teceived S|gna<ﬁ and transmission signal is present, the global maximum arises in the case of

the frequency to be ascertained. If the frequency sweep is performed only for accretion detection via
the arising local maxima and the received signal is correspondingly not processed relative to phase
shift, the global maximum arises in the received signal at a frequency, which lies in a narrow interval

around the: resbnancedfeequency: The leeal maxima hglongdo saedulatiens, whigh fellow the global
maximum.in fime. In the case of gxci%ipg th% osgillgtable uni,tjjg_y the frequency sweep, it is excited,
among othér things, aso with fts réSonarice ﬁ%queﬁgy fRES or A fréquenty rearth tesdivahce
frequencydRES: lyirige inva nairbwt interyalkarcunit thersaree ke resonamceé freguency 4RES is

giggngw%%g}p_ as,ngr %agl%%&g%ggg[e%ggthe d%@ging, with which the
e amped.

dependet op.houndapy goaditio e ith v
oscillations of the oscillat uhit are ped. In the special case of an ungamped oscillation, the

resonande frégGenRty RESKRYréss withtheldahepfrefuencieio-be dscenrained, Byrexthing the

case of which a predetermined phase shift Ae occurs between
transmission signal and received signal. Preferably, the
predetermined phase shift Ap = 20°, so that the eigenfrequency
of the oscillatable unit is ascertained by the freguency sweaep.
The received signal is evaluated relative to its amplitude in
such & manner that that frequency is determined, in the case of
which the predetermined phase shift Ap is present and the
received signal shows a global maximum, thus the amplitude is
maximum. An especially advantageous method for evaluating the
amplitude 1s described in a vyet unpublished patent application
(DB 102009028022) of the assignee. In the there disclosed
method, the received signal is phase selectively sampled, so
that occurring maxima are more clearly brought out and,

additionally, the calculative effort is lessened.



oscillatable unit with the resonance frequency fRES or a frequency near the resonance frequency
fRES, energy is stored in the oscillatable unit. This enables the occurrence of modulations, which arise
because of the superpositioning of the decaying oscillation with the resonance frequency fRES or a
frequency near the resonance frequency fRES with oscillations with frequencies following in time in the
frequency sweep. In the case of damping accretion on the oscillatable unit, the oscillation is damped,
which is reflected in a weakening of the modulations and, thus, also the local maxima. The number
and height of the local maxima represents, thus, a measure of accretion formed on the oscillatable
unit. The advantage in the case of this evaluation method compared with determining the frequency, at

which a predgtermined-phase-shiffds present between transtissian signal andIegeived signal is that
no additional measuring for accretion detection needs to be performed, but, instead the received signal
is only e&ﬁhiﬁé&%s?%gﬁﬁ”c%nﬁdiﬁﬁnéﬁf@aﬂﬁéé@sﬁ%éﬁuewFﬂéaﬁénéf dweBpsSa$ell as the

determining 9 the: processavariable; can-aGeukin parallel unimpaited by-theaceietiondetection. In a
further deve[g)§ment of the method of the invention, a phase selective signal is produced from the

receivedPSignaraRd tid maxifa oef\fﬁébﬁﬁéggefeecjfﬁgjs‘@naﬁ%Ie?ecc%&t'l‘]‘ﬁéltermninology, phase

selective signal, means, in such case, that the signal only contains selected values corresponding to
the

In the received signal of a frequency sweep, there are, besides
a global maximum, other lccal maxima present. In the case of a
frequency sweep for ascertaining a freguency, in the case of
which a predetermined phase shift Ag between received signal and
transmission signal is present, the glcbal maximum arises in the
case 0i the frequency to be ascertained. If the fregquency sweep
15 performed only for accreticon detection wvia the arising local
maxima and the received signal 1s correspondingly not processed
relative to phase shift, the global maximum arises in the
recelved signal at & frequency, which lles in & narrow interval
arcund the rescnance frequency. The local maxima belong to
modulations, which follow the global maximum in time. In the
case of exciting the oscillatable unit by the freguency sweep,
it 18 excited, among other things, also with its resonance
frequency fRES or a freqguency near the resonance frequency IRES
lying in a narrow interval around the same. The resonance
frequency fRES is dependent on boundary conditions, such as, for
example, the degree ¢f the damping, with which the oscillations
cf the coscillatable unit are damped. In the special case of an
undamped oscillation, the resonance fregquency fRES agrees with

the exciter frequency to be ascertained. By exciting the



predetermined phase shift acp. If the predetermined phase shift is, for example, 90, the received signal
is sampled only at those points in time possessing a signal extrema and/or zero intercepts shifted 90
relative to the transmission signal. These sampling points are suitably taken into consideration and
form the phase selective signal. If the received signal has said 90 phase shift, with this method, its
extrema and zero intercepts are detected and suitably evaluated. If the phase shift of the received
signal deviates from such specification, points of the received signal are detected, which do not

coincidewth thesextirema o izerg intereapis. -ERg mentioned spedilationsieecyr-algso in the phase
selectivefsignal. In the case of an additional further development of the invention, the received signal is
evaluatedrerativetd the techl TohSiHt o tife eXFORERT friction re8aftikg flom & ise ofexcitation
and it is detected;ids a fahdtonofithe change cfithe decay wenstant ovenha«lefined period of time,
whether ggﬁrgitip{\,has forn}qed n the. osciu)atag)hesunit. gn tsr[i)ite of the arisingn,modulatiogsltig ethe

exponential declifie of the amplitudé of the received Signal car Still bB detectad ih the form of the

envelopéiskaraxamples by aadurve fittirg:prdceduteatherexpohentialfunctidiRESrespending to the
decay bghavior.can, be fgund apd the decay. &Oﬁ*%t@&w&&?%%% Ay Juher developmept.of the

method of the invention provides that a threshold Ulim t of the received signal or of the phase
selective'sighal s €Eiahistee, Whic isiextetded BiFa Hlobal tabdiRtiEaLa pdifits® time tl and
subceeded at a later point in time t2, wherein the global maximum occurs at a frequency, which lies
within the narrow interval around the resonance frequency fRES, and/or at which the predetermined

phase s IEJ is present, and_wherein the point in time t2 of the subceeding, or falling beneath, the
threshol ﬁ?%l? egt%%ﬁsr?ei the end of %%Cgl%géﬂr}wa%mgkrﬁé T?l%ctﬁ?;s%e%?dg %ﬁmlfﬁétté tE@s?elected
such thap e aeiseifloor lies beleve Suchiandthe excetdytafthe threshokdelimity car thirs be

assoaat%@&@?&"c'-ﬁv&@él")é%t,h t@ﬁ@&?”é@é“c‘seﬁ{@ T@égﬂumaxima . The number and

height of the local maxima represents, thus, a measure of
accretion formed on the oscillatable unit. The advantage in the
case of this evaluation method compared with determining the
freguency, at which a predetermined phase shift is present
between transmission signal and received signal is that no
additional measuring for accretion detection needs to be
performed, but, instead the received signal is only examined as
regards additiconal features. Subseguent freguency sweeps, &s
well as the determining of the process variable, can occur in

parallel, unimpaired by the accretion detection.

In a further development of the method of the invention, a phase
selective signal is produced from the received signal and the
maxima of the phase selective signal detected. The
termninclogy, phase selective signal, means, in such case, that

the signal only contains selected values corresponding to the



In a further development of the method of the invention, it is provided that the number of the local
maxima arising in the received signal or in the phase selective signal is determined, wherein a local
maximum is defined by the feature that the threshold Ulimit is exceeded at a point in time t3 lying
behind the point in time t2, which determines the end of the global maximum, and subceeded at a later
point in time t4, that a minimum number of local maxima is established, which must be present, when
the oscillatable unit has no accretion, and that, through comparison of the arising number of local
maximayithithesninimn pueber sit isdetepmineds whether-aeeretien hasdfopned onsheoscillatable
unit. For example, a reference %Qasuremegt of the undam e%oscillatabl unit can be performed at
Stari-up OF (el RibaSHANG HEViCE: i theGadeSPWHTER thechtsbrririg AGRRBLT Bf KAGaY nfixima is
determinedh dkthisonumbet decieasesdirngsheasarenmentzOperatiar ot ifdhe facal maxima even
disappear completely, then.it can be.concluded that accretion is present. A further development of the
SOl 7 108 IR0 B ietn That (6 AMah e O s ToITiGH VB8 o the Feituga signal or of the
phase sélegtive signial, Wilkichdierdfterakie pointiatime t2 ketich determines. therend of tienglobal
maximumy, is,aseertained. that a hreshold.valye for thevarjance s fixed \which is atleast reached,

when the oscillatable unit is free of accretion and that, through comparison of the value determined for
the variahcedvith! thetHtéshald Viatue, il iS detérmiingal - Widther tatchetiorPfias fdtetFor the

oscillatable-dnit: dhesvarancesisigher, theshigher the localmaximacA low vafigacers.sconsequently,
associated with little maxima, which, in turn, is the result of accretion formation.ﬁAnoRher further
developrient of fire ihVENT6T Brovides tHilt He D&EHATbe GAiThal Y fesonahcs Heuehty fRES, that
the exciting: ef-thecasciltatableunitisdoneswith adfrequencydyieg inwehiartowdntental around the

resonance frequgncx’fRES r with a freqauency at which there is a predﬁ]termined.phasg shift 119
Coilnclde. Wwilth the extrema, Or ZF{O lﬁterc%Fts.. e mﬁyFlone .
between transmission sigha and received signal, hatthe excli ng IS Interrupted for a short time, that

the receivedwsigrial ds evaluzited rdlative to theedgdmseorsstartofiie exponential function resulting
from the interruption of the exciting, and that it is established as a function of the decay constant,
whether accretion has formed on the oscillatable unit.

In the case of an additicnal further development of the
invention, the received signazl is evaluated relative to the
decay constant of the exponential function resulting from the
tvpe of excitation and 1t 1s detected, as a function of the
change of the decay constant over a defined period of time,
whether accretion has formed on the oscillatable unit. In spite
of the arising modulations, is the exponential decline of the
amplitude of the received signal can still be detected Iin the
form of the envelope. For example, by a curve fitting
procedure, the exponential function corresponding to the decay

behavior can be found and the decay constant determined.

A further development ¢f the method ¢of the invention provides

that a thresheld Ulimit c¢f the received signal or of the phase



The exciting of the oscillatable unit occurs in this embodiment either with the resonance frequency, or
a frequency, which is near the resonance frequency, or with the frequency, at which a predetermined
phase shift Gf is present between transmission signal and received signal. For example, this frequency
is tuned automatically by specification of phase shift 4fvia an oscillatory circuit. The resonance
frequency is determined, for example, through recording the received signal and determining the
maximal amplitude. In order to be able to examine the decay behavior of the oscillatable unit via the

receivedssigral: the-exciting must hesinterupied for asher time.Sharktime meaps jindhis case, only
so long until the received signal shows a notheabIe decline, for example, to 10% of the maximum
value, sd'fHat e ddtay cBRstant tin b detbrmed drequirstatty 2Fhén, theexcration cah be
continuedimbe itervale-iniwhichdhe exciation:is:interrupted and the slecay goastant deterarned, are,
in such case, pref%albly matched to the grocess In_an advagtf::ll eous embodimgnt of the invention, the

predeter“rh“?r?ed vﬁhase Shift smounts to 9 .tl?fh‘éa%scﬁﬁéjt%%% unitis excited i such @manier that the
phase sHift&inournts t0 90z ther it oscitlatesowithithe eigenfrequerey. Inithé tase of oscillation in air,

tmaege?ﬂﬁgﬂﬁﬂgy%ﬂ%@%ﬂ¥%§§9ngﬁgepoint in time t2 of the subceeding, or
falling beneath, the threshold Ulimit establishes the =nd of the
glokal maximum. The threshcld Ulimit is to be selected such
that the noise floor lies below such and the exceeding of the
threshold Ulimit, can thus be associated uneqguivocally with the

occurrence of a maximum.

In a further development of the method of the invention, 1t is
provided that the number of the local maxima arising in the
recelved signal or in the phase selective signal is determined,
wherein a local maximum is defined by the feature that the
threshold Ulimit is exceeded at a point in time t3 iving behind
the point in time t2, which determines the end of the global
maximum, and subceeded at a later point in time t4, that &
minimum number of local maxima is established, which must be
present, when the oscillatable unit has no accretion, and that,
through comparison of the arising number of'locai maxima with
the minimum number, it is determined, whether accretion has
formed on the oscillatable unit. For example, a reference
neasurement of the undamped cscillatable unit can be performed
at start-up of the measuring device, in the case of which the
occurring number of local maxime is determined. If this number

decreases during measurement operation or if the local maxima

10



frequency and, thus, in this way, the exciting with the resonance frequency is possible. In a further
development of the method of the invention, in case accretion has formed, an error report is produced
and output and/or displayed. Especially, the error report is transmitted via a bus system to a control
room. Alternatively or suppiementally, the error report can be displayed in various ways, e.g. via a
light-emitting diode, a signal tone, or on a display. An advantageous embodiment of the method of the
invention provides that, in the evaluation of the modulations, a number of limit values are

predetersired fordheuummberpilocal-maxima ox the:-variance, thaly through comparison with the
ascertained number of arising local maxima or with the ascertained variance, it is determined, how
strongly t& 08Giltatabie®ufiit iEdVered by accretion, and that a corresponding error report is produced
and output and/or displayed. By the comparison with a plurality of limit values, there is, so to say, a
gradation in accretion degrees. If the accretion degree is small, then there is no immediate danger that

the process:variahle is,determined incoerectly and,a warning repart in the farm.of an indication of a
beglnnlng accretion formation suffices. If the accretion degree IS, In contrast, hlgh, a pressing warning
report car 5 otifpit, Whitk &k sfor glfckiieplatemeérit orefeating of the treasunidevée. The
different warpingdiepops £a0 appear: fafexample on adisplayiec after the point in

time tZ, which determines the end of the global maximum, 1s

ascertained, that a threshold value for the variance is fixed,

which is at least reached, when the oscillatable unit is free of

accretion and that, through comparison of the value determined

for the variance with the threshold value, it is determined,

whether accretion has fcormed con the oscillatable unit. The

varijance is higher, the higher the local maxima. 2 low variance

is, conseguently, associated with little maxima, which, in turn,

is the result of accretion formation.

Another further development of the invention provides that the
oscillatabkle unit has a resonance freguency fRES, that the
exciting cf the oscillatable unit is done with a frequency lying
in a narrow interval around the resonance freguency fRES or with
a frequency, at which there is a predetermined phase shift Agp
between transmission signal and received signal, that the
exciting 1s interrupted for a short time, that the received
signal 1s evaluated relative to the decay constant of the
exponential function resulting from the interruption of the
exciting, and that it is established as az function of the decay

constant, whether accretion has formed on the oscillatable unit.



In an embodiment of the method of the invention, the time behavior of the amplitude of the received
signal or of the phase selective signal is evaluated in the case of oscillation of the oscillatable unit in
air. For oscillation in air, the oscillatable unit experiences almost no damping, so that damping
accretion is well detectable. Another embodiment includes that the time behavior of the amplitude of
the received signal or of the phase selective signal is evaluated in the case of oscillation of the
oscillatable unit in the medium and that, for this, a calibration measurement is done in the medium, in
which the behavior without accretion on the oscillatable unit is determined. Evaluation in the case of
oscillation in the medium is made difficult by the fact that the medium damps. In order to be able to
examine the decay Pehavg)f v%ighe referenpf tgaagfcreti%rk Eorrggtio?r], an é)pi_tjgn*, th@eﬁg&e, includes, for

e £x 17 SC1 o) 11 CuY L b iment.
example, a ref%rence n?easuremen? afsfarfa-up 0 ?he measuring dsewce, for cfetermlnlng ﬁ1e influence

of the dampﬂ_'igx_’ne;iimp @h@he*%oiﬂa_ti@ﬁ. Aceretien formationecair thenche: ascertdined from deviations
in this behayior indicating, extra damaing. |2 furthey, deyelopment.of the, solutign Omeawvaem'or" the

oscillatable unit is a membrane, a membrane with an oscillatory fork or an oscillatory rod. An
apparatUsTBfpe Aot a Aiethed of 1hé ifventioniiclages akibroni measasifg deviee, with which,

for exampleythe fill levelthe;dansity; gr the viseosity.afajiquid is determined.Vibronic fill level
measuring devices with oscillatory forks for measurements in liquids are available from the assignee

under the 5K | EiQuipEnt S rhe inv8nfiBh Wilf nof toe BxplainedaaYréaier detdl Basedidn the
appendedsdrawing; dbe figures:ot whicihshow asfellews:f reqguency is determined, for

example, through recording the received signal and determining

the maximal amplitude.

In order toc be able to examine the decayv behavior of the
cscillatable unit via the received signal, the exciting must be
interrupted for a short time. Short time means, in this case,
only so long until the received signal shows a noticeable
decline, for example, to 10% of the maximum value, so that the
deceay constant can be determined unequivocally. Then, the
excitation can be continued. The intervals, in which the
excitation i1s interrupted and the decay constant determined,

are, in such case, preferably matched fto the process.

In an advantageous embodiment of the invention, the
predetermined phase shift amounts to 90°. If the oscillatable
unit is excited in such a manner that the phase shift amounts to
80°, then it oscillates with the eigenfreguency. In the case of

oscillation in ailr, the eigenfrequency equals the resonance
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the received signal with modulations in the case of exciting with a sweep; Fig. 2the phase weighted
and lowpass filtered, received signal in the case of different amounts of accretion. Fig. 1 shows the
received recorded with a membrane oscillator signal in the case of exciting of the membrane with a
frequency sweep. Additionally, a phase selective signal is presented. This is obtained when the
received signal is sampled only at certain points in time for ascertaining an oscillation

frequency and, thus, in this way, the exciting with the

resonance freguency is possible.

In a further development of the method of the invention, in case
accretion has formed, an error report is produced and output
and/or displayed. Especlally, the error report i1s transmitted
via a bus system to a conirol room. Alternatively or
supplementally, the errcr report can be displayed in wvarious
ways, e€.g. via a light-emitting diocde, a signal tone, or on a

display.

An advantageous embodiment of the method of the invention
provides that, in the evaluation of the modulations, a number of
limit values are predetermined for the number of local maxima or
the variance, that, thrcough comparison with the ascertained
number of arising local maxima or with the ascertained wvariance,
it 1s determined, how strongly the oscillatable unit is covered
by accreticn, and that a c¢orrespending errcr report is produced
and output and/or displayved. By the comparison with a plurality
of iimit values, there is, so to say, a gradation in accretion
degrees. If the accretion degree is small, then there is no
immediate danger that the process variable is determined
incorrectly and a warning report in the form of an indicaticn of
a beginning accretion formation suffices. If the accretion
degree is, in contrast, high, a pressing warning report can be

output, which asks for guick replacement or cleaning <f the
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frequency, at which a predetermined phase shift is present between transmission signal and received
signal, wherein the certain points in time are so selected that, when the predetermined phase shift "Lf
is present between transmission signal and received signal, the extrema and/or zero intercepts in the
received signal are detected and suitably evaluated. As can be seen, modulations occur both in the
unchanged received signal as well as also in the phase selective signal. The presence in both signals
means that the predetermined phase shift Zf occurs also during the modulations. The modulations

come ahgult threugh the superpositioning of yadeus Hg_gﬁ%@ge%e?&ye@rmﬁ%gg o thefrequencies
is possible, in spite of the discrete exciting, since the oscillations do not immediately end after the
exciting, BT nstead? YetrédstPesiponentially, so that, for a certain time, oscillatory energy is stored.
As a function of the current phase shift, the oscillations strengthen or weaken. Maxima in the phase
selective signal and, respectively, in the received signal occur when the decaying oscillation and the

newly exﬁt{teg&s&ﬂ@&gg&%@bgguﬁéi%%%% d hou§, %I%e pregeé%r@ngd pit_'urzl;lge+_~s_{11§1fet3 Af is fulfilled not
only for the frequency to be ascertained, in the case of which the glo al maximum occurs, but, instead
also in tHieEase 6f folldwitg frediéndied=The ampslitdde dunng tive fiiodulatiorstistheweers smaller,

so that the fregueney to be detarmingd hy.thefrequency sweep isaneguivocally establishgd. The
exponential decline of the resonant oscillation is clearly recognizable in the form of the envelope of
thereceﬁéa%ﬁ%ﬁﬂ?bie unit in air. For oscilllaticon in air, the

cscillatable unit experiences almost no damping, s¢ that damping

accretion is well detectable.

Anocther embodiment includes that the time behavicr of the
amplitude c¢f the received signal or of the phase selective
signal is evaluated in the case of oscillation of the
oscillatable unit in the medium and that, for this, a
calibraticn measursement is done in the medium, in which the
behavior without accretion on the oscillatable unit is
determined. Evaluation in the case of oscillation in the medium
is made difficult by the fact that the medium damps. In order
to be able to examine the decay behavior with reference to
accretion formation, an option, therefore, includes, for
example, a reference measurement at start-up of the measuring
device, for determining the influence of the damping medium on
the oscillation., Accretion formation can then be ascertained

from deviations in this behavior indicating extra damping.
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Fig. 2 illustrates the effect of accretion on the phase selective, received signal in the case of a
frequency sweep for ascertaining the frequency, at which a predetermined phase shift 4f is present
between transmission signal and received signal. Shown are the phase selective signals received after
a low-pass filtering in the case of a membrane oscillator without accretion and with four different
accretion amounts recorded over a period of time of 20 ms. The larger the mass of the accretion, the
lower is the amplitude of the phase selective, received signal. The shown curves were recorded with

accretion ampunts of400520Q,130%hand 400 mg. which, carrgsponds, foriinstaneeoto, 1-4% of the
membrane mass. The global maximum is weakened, but is, in all cases, clearly detectable. The local

maxima, SR contrastAre, dhe to tie fadtHEREGHY of thBFEEMARSN “dirdadPliMffEd i teidccurrence,
so that their numberrdessedsassand, fortarger aecretipn amauntsthere are paloealanaxima. In the
followinggl t\gg Cprefe;retcllmethods ft__or detecti%ln gf accretion will now be described, The choice of
method Spen S ﬁr‘stly on how the osCillatanie Unit iS excited” fblr%er{léarar‘ﬁi%ffn““gn%e p?r%%:gé'é variable. In
principlevs thowever; any combinatior: of ekeitetion: ahelvevaluation methodsyis possible. In the case
of a first method for, agaretion detaction, the decay behavioyof the receiied signglfpliowing on the
exciting of the oscillatable unit with the frequency, at which a predetermined phase shift Lf is present
between'the Iraismissioh Sigital e thesrecehEHsignale iskeval vatelidRsdeRARIHIAg e decay
constant; In;case the-exciting ogeyrs with.a phase;shiftd:f fixed yia.an oscillatary circuit and no
frequency sweep is performed, the exciting of the oscillatable unit is interrupted for a short time. In the
case the’é%c‘ﬁwga\ﬂ& a‘frequency sweep, an interruption of the excitation is not necessary, since the
in any event recorded, received signal for frequency determination can also be used for evaluation
with reference to accretion. At the exciting at the predetermined phase shift 4, energy is stored in the
oscillatable unit, so that it continues to oscillate after the excitation for a certain time, wherein the

amplitudef(t) of.the,escillatipmdecreases with-time tagcording Lo an expopentiatfunetion;r

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

Fig. 1 the received signal with modulations in the case of

exciting with a sweep;

Fig., 2 the phase weighted and lowpass filtered, received

signal in the case of different amounts 0I accretion.

Fig. 1 shows the received recorded with a membrane oscillator
signal in the case of exciting of the membrane with a freguency
sweep. Additionally, a phase selective signal is presented.
This 135 obtained when the received signal is sampled only at

certain polnts in time for ascertaining an oscillation
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f (t) = Ae-at In such case, A is a scaling constant and a the so called decay constant, which gives how
strongly the exponential function declines. For the case, in which the oscillatable unit was excited with
the resonance frequency, an especially large amount of kinetic energy is present in the oscillatable
unit, so that the time period over which the oscillation continues, is correspondingly long. The decay
constant a depends on the damping of the oscillating system. If damping accretion has formed on the
oscillatable unit, the amplitude of the oscillation declines more strongly than without accretion. If the

decay canstaniaafor the gsaillataple it intheaccration free stateds knewny, farexample, through

measuring at start-up of the measuring device, through comparison of the decay constant a

determined diifiy MeHtFemantoprativn with the BEGinHIRY deiconstaiitizo: it Caifbe decided,

whether ageretion has tormedh In analterrative evaluatingimethad, theacceetion detection occurs via

evaluation of m_odulationg inrghe am%lit%de gf thie received signal, which in a frequency sweep follow, in
o

time, thepgrlgggltr%lérﬁf“rﬁlﬁm &t thé exciter Freqﬁpenésy fo'bé Halertdl g&%’i‘/ the et %%&%Weep.

Preferabdy ¢he evaludtionactording 1gtlae occts imtheamenrmerdléscribed in the yetunpublished
patent applicafion, (Appligation, Ng, DF: 10.2009.028022). by, means of whigh i, molations can be
better isolated from the noise.

can be seen, nmodulations cccur bhoth in the unchanged received

signal as well as alsc in the phase selective signal. The

presence in beth signals means that the predetermined phase

shift Ap occurs also during the modulations,

The modulations come about through the superpositioning of
various freguencies. A superpositioning of the frequencies is
possible, in spite of the discrete exciting, since the
oscillations do not immediately end after the exciting, but,
instead, decrease exponentially, so that, for a certain time,
oscillatory energy is stored. As a function of the current
phase shift, the oscillations strengthen or weaken. Maxima in
the phase selective signal and, respectively, in the received
signal occcur when the decaying oscillation and the newly excited
oscilllation suitably superimpose. Thus, the predetermined phase
shift Ag is fulfilled not only for the freguency to be
ascertained, in the case of which the glcobal maximum occurs,
but, instead also in the case of following freguencies. The
amplitude during the modulations is, however, smaller, so that
the freguency to be determined by the fregquency sweep is

unequivecally established. The exponential decline of the



The global maximum is preferably established by a temporary exceeding of a predetermined threshold
Ulimit, wherein the beginning of the global maximum is established by the point in time tl, at which the
threshold Ulimit is exceeded for the first time, and the end of the global maximum is fixed by the point
in time t2, at which the threshold Ulimit is crossed for the second time, however, in the opposite
direction. Correspondingly, the first local maximum is defined by the points in time t3 and t4, at which
the threshold Ulimit is crossed the third and fourth times, etc. The threshold Ulimit is established, in

such case, in,aueh agnannes thatit always ligs apovethe noise-flooriof the receiyed signal,.The points
in time marked in Fig. 2 relate to the curve, which was recorded without accretion on the oscillatable
unit. For eVafratioh ofthelthod&ations wd etHods are especially advantageous. These will now be

described as follows.

Fig. 2 illustrates the effect of accretion on the phase
selective, received signal in the case of a frequency sweep for
ascertalning the frequency, at which a predetermined phase shift
A 1s present between transmission signal and received signal.
Shown are the phase selective signals received after a low-pass
filtering in the case of a membrane oscillatcr without accretion
and with four different accretion amounts recorded over a period
cof time of 20 ms. The larger the mass of the accretion, the
lower is the amplitude of the phase selective, received signal.
The shown curves were recorded with accretion amounts of 100,
200, 300 and 400 mg, which corresponds, for instance, to 1-4% of
the membrane mass. The global maximum is weakened, but is, in
all cases, clearly detectable. The local maxima, 1ln contrast,
are, due to the fast decaying of the oscillation, already
limited in their cccurrence, s0 that their number decreases and,

for larger accretion amcunts, there are no local maxima.

In the following, twe preferred methods for detection of
accretion will now be described. The choice of method depends
firstly on how the oscillatable unit is excited for determining
the process variable. In principle is, however, any combination

of excitation- and evaluation methods is possible.
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In the first method, the number of arising local maxima is determined and compared with the number
determined for a received signal of a definitely accretion free oscillatable unit. Preferably, this
reference measurement is done at startup of the measuring device or already in the factory. In the
case of a measuring device, which is applied for monitoring a maximal fill level, a reference
measurement by the manufacturer is especially suitable, since the reference measurement can occur
in air and, consequently, be performed independently of the fill medium. Alternatively, instead of the

exact numbernef legal-maxima,dt ear bedetermined, whether 1ogal maaximai are, presentiar-get, if none
are present, with great probability, a dangerous amount of accretion has formed and an alarm signal is

output of 8%7drhiy fFanshfted {64 €BRtrol fE5M. IhHn' 8iterndtive nithiod ¥ordvdldation 6ffhe
modulations; thesvandnrce.afithewheasuned \alves: isndeterminedraftar the pcederenee of the global
maximum, thus %qrg aytm asured values re org%%ggte&tlhe time t2. The .variance;{;ives the deviation of

a measuf?éé Value from the é"vsergég Value. The'smaller the Vafiance ?ss, the smob ﬁér i§'the curve and

the less nfeximacanid’atinimanedur. Aslownedrisriceds peonsegeently, iassociated svithya disappearance
of the mggg{lg_r:ig% @nd, thus, with accretion formation. List of Reference Characters

In case the exciting cccurs with a phase shift Ag fixed via an
oscillatory circult and no frequency sweep iz performed, the
exciting of the oscillatable unit is interrupted for a short
time. In the c¢ase the exciting 1s via a freguency sweep, an
interrupticon of the excitation is not necessary, since the in
any event recorded, received signal for fregquency determination
can also be used for evaluation with reference Lo accretion. At
the exciting at the predetermined phase shift Ag, energy is
stored in the oscillatable unit, so that it continues to
cscillate after the excitation for a certain time, wherein the
amplitude £(t) of the oscillation decreases with time t

according te an exponential function:

In such case, A is a scaling constant and o the s¢ called decay
constant, which gives how strongly the exponential funciion

declines. For the case, in which the oscillatable unit was
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Upoint in time, at which the global maximum begins point in time, at which the global maximum ends
t3point in time, at which the first local maximum begins t4point in time, at which the first local maximum
ends Ulimitvoltage value, which must be exceeded by the received

excited with the resonance freguency, an especially large amount
f kinetic energy is present in the oscilllatable unit, so that
the time period over which the oscillation continues, is
correspondingly long. The decay constant o depends on the
damping of the oscillating system. If damping accretion has
formed on the oscillatable unit, the amplitude of the
oscillation declines more strongly than without accretion. If
the decay constant o0 for the oscillatable unit in the accretiocon
free state 1s known, for example, through measuring at start-up
of the measuring device, through comparison of the decay
constant o determined during measurement operation with the
beginning decay constant «0, it can be decided, whether

accretion has formed.

In an alternative evaluating method, the accretion detection
occurs via evaluation of modulations in the amplitude of the
received signal, which in a frequency sweep follow, in time, the
global maximum at the exciter frequency to be ascertained by the
frequency sweep. Preferably, the evaluation according to the
occurs in the manner described in the vyet unpublished patent
application (Application No. DE 10 2009 028022), by means of
which the modulations can be better isclated from the noise.

The global maximum is preferably established by a temporary
exceeding of a predetermined threshold Ulimit, wherein the
beginning of the global maximum is established by the point in
time tl, at which the threshold Ulimit is exceeded for the first

time, and the end c¢f the global maximum is fixed by the point in
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signal, in order that a maximum be recognized Patent Claims 1. Method for determining and/or
monitoring at least one physical, process variable of a medium with an oscillatable unit, wherein a
transmitting/receiving unit by means of transmission signals excites the oscillatable unit to execute
oscillations, wherein the oscillations of the oscillatable unit are received in the form of received signals,

time tZ, at which the thresheld Ulimit is crossed for the second

time, however, in the cpposite direction.

Cerrespondingly, the first local maximum is defined by the
points in time t3 and t4, at which the threshold Ulimit is
crossed the third and fourth times, etc. The threshold Ulimit
is established, in such case, 1n such a manner that it alwavs
lies above the noise floor of the received signal. The points
in time marked in Fig. 2 relate to the curve, which was recorded

without accretion on the coscillatable unit.

For evaluation of the modulations, two methods are especially

advantageous. These will now be described as f{ollows.

In the first method, the number of arising local maxima is
determined and compared with the number determined for a
recelved signal of a definitely accretion free oscillatable
unit. Preferably, this reference measurement 1s done at start-
up of the measuring device or already in the factory. In the
case of a measuring device, which is applied for monitecring a
maximal fill level, a reference measurement by the manufacturer
is especially sultable, since the reference measurement can
ccour in air and, conseguently, be performed independentliy of
the £il11 medium. Alternatively, instead of the exact number of

local maxima, 1t can be determined, whether local maxima are

present or not. If none are present, with great probablility, a
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and wherein the process variable is determined and/or monitored based on frequency and/or
amplitude of the received signal and/or phase shift between transmission and received signals,
characterized in that time behavior of amplitude of the received signal is examined and evaluated as a
function of a time variation of the exciting of the oscillatable unit, and it is determined therefrom
whether accretion has formed on the oscillatable unit. 2. Method as claimed in claim 1, characterized
in that the oscillatable unit is excited by means of a frequency sweep within a predetermined frequency

band in thenwerkingrange.ef-theosciliatableinitRy: meansof transmissionsignals gnal is

output or a warning transmitted to a control room.

in an alternative method for evaluation of the modulations, the
variance of the measured values is determined after the
occurrence of the global maximum, thus for all measured values
recorded after the time tZ. The variance gives the deviation of
a measured valus from the average valus. The smaller the
variance 1s, the smcother is the curve and the less maxima and
minima occur. A low variance is, consequently, associated with
a disappearance of the modulations and, thus, with accretion

formation.
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successively to execute oscillations with discrete exciter frequencies following one after the other,
wherein the oscillatable unit has a resonance frequency fRES, and wherein at least one of the exciter
frequencies lies within a narrow interval around the resonance frequency fRES, and the received
signal is evaluated relative to modulations, which occur in the form of local maxima and minima in the
received signal, wherein local maxima of the received signal are detected, which occur when the
decaying oscillation with the exciter frequency lying in the narrow interval around the resonance
frequency fRES superimposes consiructivelywith-ggcillatians.at freqguencies following in the sweep
and wherein, as a function of the number and/or height of the detected local maxima, it is detected,
whether accretion has formed on the oscillatable unit. 3. Method as claimed in claim 2, characterized
in that there is ascertained by the sweep an oscillation frequency, at which a predetermined phase

shift 14 is present between transmission signal and received signal.
tl point i1n time, at which the global maximum begins

£2 polint in time, at which the global maximum ends

rT
[

point in time, at which the first local maximum begins
t4 point in time, at which the first local maximum ends

Ulimit voltage value, which must be exceeded by the received

signal, in order that a maximum be recognized
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4. Method as claimed in claim 3, characterized in that a phase selective signal is produced from the
received signal and the maxima of the phase selective signal are detected. 5. Method as claimed in
claim 2 or 4, characterized in that

Patent Claims

1. Method for determining and/or monitoring at least one
physical, process wvariable of a medium with an oscillatable

unit,

wherein a transmitting/receiving unit by means of transmission
signals excites the oscillatable unit to execute oscillations,
wherein the osciliations of the oscillatable unit are received

in the form of received signals,

and whereln the prccess varlable 1s determined and/cr monitored
based on freguency and/or amplitude of the received signal

and/or phase shift betwesn transmission and received signals,
characterized in that

time behavior of amplitude of the received signal is examined
and evaluated as a function of a time wvariation of the exciting
of the oscillatable unit, and it is determined therefrom whether

accretion has formed on the oscillatable unit.

2. Method as claimed in claim 1,
characterized in that

the oscillatable unit is excited by means of a frequency sweep
within a predetermined frequency band in the working range of

the cscillatable unit by means of transmission signals
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the received signal is evaluated relative to the decay constant of the exponential function resulting
from the type of excition, and it is detected, as a function of the change of the decay constant over a
defined period of time, whether accretion has formed on the oscillatable unit. 6. Method as claimed in
at least one of claims 2-5, characterized in that a threshold Ulimit of the received signal or of the phase
selective signal is established, which is exceeded by a global maximum at a point in time tl and
subceeded at a later point in time t2, wherein the global maximum occurs at a frequency, which lies

within the.parsew intenval around the-kesopance freguency, fRESq andiar4n the ease of which the
predetermined phase shift Af is present, and wherein the E]gint in time t2 of the subceeding of the

threshold Uit 8Stablishés tid'eRd of e Global nfdiimamie®, wherein the

oscillatable unit has a resonance freguency fRES, and wherein at
least one of the exciter frequencies lies within a narrow
interval around the rescnance frequency fRES,

and the received signal is evaluated relative to modulations,
which occur in the form of local maxima and minima in the

received signal,

wherein local maxima of the receilved signal are detected, which
occur when the decaying oscillation with the exciter frequency
lying in the narrow interval around the resonance frequency fRES
superimposes constructively with oscillations at frequencies
following in the sweep and wherein, as a function of the number
and/cr height of the detected local maxima, it is detected,

whether accretion has formed on the oscillatable unit.

3., Method as claimed in claim 2,
characterized in that

there is ascertained by the sweep an oscillation freguency, at
which & predetermined phase shift A¢ 1s present betwesan

transmission signal and received signal.

4. Method as claimed in claim 3,

characterized in that
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7. Method as claimed in claim 6, characterized in that the number of local maxima arising in the
received signal or in the phase selective signal is determined, wherein a local maximum is defined by
the feature that the threshold Ulimit is exceeded at a point in time t3 lying behind the point in time t2,
which determines the end of the global maximum, and subceeded at a later point in time t4, a
minimum number of local maxima is established, which must be present, when the oscillatable unit
has no accretion and, through comparison of the arising number of local maxima with the minimum

number, 4t isydetermined. whethey;agesetian; has fermed on the oscillatable upity 8. Methed as claimed

in claim 6 or 7, characterized Ln that the variance of the voltage values of the+received signal or of the
phase séREtive' Sighat WhicH fie BEhiRd 875 pit FFimes SWhlth déBfmifesSthie®hd of the global

maximum, is ascertained, a threshold value for the variance is fixed, which is at least reached, when
the oscillatable unit is free of accretion, and by comparison of the value determined for the variance
with the threshold value, it is determined, whether accretion has formed on the oscillatable unit.

5. Method as claimed in claim 2 or 4,
characterized in that

the received signal 1s evaluated relative to the decay constant

of the expenential function resulting from the type of excition,

and

it is detected, as a function of the change of the decay
constant over a defined period of time, whether accretion has

formed on the oscillatable unit.

€. Methed as claimed in at least one of claims 2-53,
characterized 1in that

a threshocld Ulimit of the received signal or of the phass
selective signal 1s established, which is exceeded by a global
maximum at a point in time tl and subceeded at a later point in
time tZ, wherein the global maximum occurs at a frequency, which
lies within the narrow interval around the resonance freguency
fRES, and/cr in the case of which the predetermined phase shift
Ap is present, and wherein the point in time t2 of the
subceeding of the threshold Ulimit establishes the end of the

global maximum.
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9. Method as claimed in claim 1, characterized in that the oscil a able unit has a resonance frequency
fRES, the exciting of the oscillatable unit is done with a frequency lying in a narrow interval around the
resonance frequency fRES or with a frequency, at which a predetermined phase shift Ap is present
between transmission signal and received signal, the exciting for a short time is interrupted, the
received signal is evaluated relative to the decay constant of the exponential function resulting from
the interruption of the exciting, and, as a function of the decay constant, it is detected, whether
accretion has formed on the oscillatable unit.

7. Method as claimed in claim 6,
characterized in that

the number of local maxima arising in the received signal or in
the phase selective signal is determined, wherein a local
maximum 1s defined by the feature that the threshold Ulimit is
exceeded at & point in time t3 lving behind the point in time
tZ, which determines the end ©f the global maximum, and
subceeded at a later point in time t4, a minimum number of local
maxima is established, which must be present, when the
oscillatable unit has no accretion and, through comparison of
the arising number of local maxima with the minimum number, it
is determined, whether accretion has formed on the oscillatable

unit.

8. Method as claimed in claim & or 7,
characterized in that

the variance of the voltage values of the received signal or of
the phase selective signal, which lie behind the point in time
tZ, which determines the end of the global maximum, is
ascertained, a threshold value for the variance i1s fixed, which
18 at least reached, when the coscillatable unit is free of
accretion, and by comparison of the value determined for the
variance with the threshceld wvalue, i1t is determined, whether

accretion has formed on the oscillatable unit.
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10. Method as claimed in at least one of claims 3-9, characterized in that the predetermined phase
shift amounts to 90 . Method as claimed in at least one of the preceding claims, characterized in
that, in case accretion has formed, an error report is produced and output and/or displayed.

9. Method as claimed in claim 1, characterized in that
the oscillatable unit has a resonance frequency fRES,

the exciting of the oscillatable unit is done with a frequency

lying in a narrow interval around the resonance freguency fRES

=]

or with a frequency, at which z predetermined phase shift Ag is

present between transmission signal and received signal,
the exciting for a short time is interrupted,

the received signal i1s evaluated relative to the decay constant
of the exponential function resulting from the interruption of

tThe exciting, and,

as a function of the decay constant, 1t is detected, whether

accretion has formed on the oscillatable unit.

1¢. Method as claimed in at least one of claims 3-0,

characterized in that

the predetermined phase shift amounts to 90°.

11. Method as claimed in at least one of the preceding claims,

characterized in that,
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12. Method as claimed in at least one of claims 2-8, characterized in that a number of limit values are
predetermined for the number of local maxima or the variance, through comparison with the
ascertained number of arising local maxima or with the ascertained variance, it is determined, how
strongly the oscillatable unit is covered by accretion and a corresponding error report is produced and
output and/or displayed. 13. Method as claimed in at least one of the preceding claims, characterized
in that the time behavior or the amplitude of the received signal or of the phase selective signal is

evaluated-indbe cage of oscillatian of the eseillatable upt in aiep d4cMethed agelaimeghin at least one

of the precedlng claims, characterlzed in that
cutput and displaved.

12. Method as claimed in at least one of claims 2-8,
characterized in that

a number of limit wvalues are predetermined for the number of
local maxima or the variance, through comparison with the
ascertained number of arising local maxima or with the
ascertained variance, 1t 1s determined, how strongly the
oscillatable unit is covered by accretion and a corresponding

error report is produced and output and/or displayed.

13. Method as claimed in at least cne of the preceding claims,
characterized in that

the time behavior of the amplitude of the received signal or of
the phase selective signal is evaluated in the case of

oscillation ¢f the oscillatable unit in air.

14, Method as claimed in at least one of the preceding claims,
characterized in that

the time behavior of the amplitude of the received signal or of

the phase selective signal 1s evaluated in the case of
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the time behavior of the amplitude of the received signal or of the phase selective signal is evaluated
in the case of oscillation of the oscillatable unit in the medium and, for this, a calibration measurement
is done in the medium, in which behavior without accretion on the oscil atable unit is determined. 15.
Method as claimed in at least one of the preceding claims, characterized in that the oscillatable unit is
a membrane, a membrane with an oscillatory fork or an oscillatory rod.

oscillation of the oscillatable unit in the medium and, for
this, 2 calibration measurement is done in the medium, in which
behavior withcout accretion on the oscillatable unit is

determined.

15. Method as claimed in at least one of the preceding c¢laims,

characterized in that

the oscillatable unit is a membrane, a membrane with an

oscillatory fork or an oscillatory rod.
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