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The 1nvention relates to a method for determining a fluid

—

quantity relating to a fluid and/or a fluid flow of the fluid

with a measuring device, which comprises a measuring tube which

receives the fluid and/or through which the fluid flows, and a

first and a second oscillation transducer which are arranged at

a distance from one another on the measuring tube. The 1nvention

also relates to a measuring device.

One possibillity for measuring a flow through a measuring tube

1nvolves ultrasonic meters. In these, at least one ultrasound

transducer 1s used 1n order to 1ntroduce an ultrasound wave 1nto

the fluilid flowlng through the measuring tube, thilis wave belng

conducted on a straight path or after multiple reflections at

walls or special reflection elements to a second ultrasound

transducer. A flow rate through the measuring tube can be

pr——
—

determined from the time of flight of the ultrasound wave between

the ultrasound transducers, or from a time-of-flight di

—

— pr—
—

“erence

—

1n the event of interchanging of the transmitter and recelver.

DE 10 2012 019217 Al describes a method for determining a fluid

quantity relating to a fluid and/or a fluid flow of the fluid

pre——

wlth a measurilng device according to the preamble of i1ndependent

Patent Claim 1.

It 1s known from the article by G. Lindner, “Sensors and

actuators based on surface acoustlc waves propagating along

solid-ligquid 1nter:

races”, J. Phys. D: Appl. Phys. 41 (2008)

123002, 1n order to exclte conducted waves, to use so-called

lnterdigital transducers 1n which a plezoelectric element 1s

used that has control lines engaglng 1n one another 1n the manner

—

excltation modes ©

plezoelectric element are necessarlly excited, a high e

pre——

of the excitation

pr—

—

of a comb, 1n order to achleve excitation of particular

conducted waves. Si1nce shear modes of the

—

"1clency

1s not typilcally achieved. Furthermore,

relatively elaborate high-accuracy lithography 1s requilired 1in

order to apply the required electrode structure with su

pre——

"1clent
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nevertheless oO:

However, exci

pr—

sufficient

—

mode
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purlty of the excitation

"ten not belng achieved.

tation of a pure-mode conducted wave 1s highly

relevant for use 1n an ultrasonic meter, slnce the angle at

which compression

depends on the phase velocity o:

pr— P~

cyplcally di

erent 1n di

pre——

osclllations

"erent

—

are emltted 1nto the fluid

—

-~ the conducted wave, which 1s

excltation modes for the same

exclted fregquency. If varlous modes are exclted, thils results

1n varlous propagation paths

for the compression oscillations

1n the fluid, which can at best be compensated for by elaborate

signal evaluation.

measurement method

It 18 therefore

the object o1

whilch use

—

the 1nvention to provide a

S conducted waves for the

measurement, the i1ntentlion beling to achleve a low 1nstallation

pre——

space redqulrement and a simple structure of a measuring device

used, and pre:

pre——

of conducted waves.

"erably to achleve maximally pure-mode excltation

The object 1s achileved accordling to the i1nventilion by a method

according to i1ndependent Patent Claim 1.

According to the i1nvention,

1t 1s proposed to excite a wall of

pr——
—

pr—

a measurlng tube 1n a plurality of mutually separated excitation

pr——

regions. By superposition of the

wave components generated, the

total wave that 1s subsequently used for the excitation of the

compression o

sclllations

1n the fluid 1s generated. In this

case, the excitatlon regilons and the excitation frequency are

matched to one another 1n such a way that an oscilillation mode

to be attenuated 1s attenuated by destructilive 1nterference at

least for one propagation direction. In this way, an lmprovement

1n the mode

deliberately

pre——

purity of

attenuating

the

excltatilon can be achieved by

an undesired oscillation mode. In

addition or as an alternative,

as wlill be explalned 1n more

detall below, dilirection—-dependent attenuation of the oscillation

mode may be carriled out,

so that, for example when exclting an

essentlally plane wave, emission of the plane wave may be carried
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out exclusively 1n one dilrection or essentially 1n one

direction.

pr—— pr——

In the case of a measuring tube which has a plurality of walls,

the oscillation transducers may be arranged on the same wall or

pr— pr—

"erent walls of the measuring tube. The excitation of the

on dij

total wave 1s 1n this case, 1n particular, carriled out 1n that

wall on which the respectilive oscillation transducer 1s arranged.

The total wave and/or the wave components are in particular Lamb

pre——

waves. Excitation of Lamb waves takes place when the wall

—

thickness 1s comparable to the wavelength of the transverse wave

1n the solid. Lamb waves are comblned pressure and shear waves,

pr— —

so that a deflection of the 1nner face of the wall 1n the

g

direction of the fluid, or away from the fluid, also results 1n

— pr— pr—

the case of excitation on tTthe outer side of the wall of the

measuring tube. By these deflections, compresslon waves are 1n

turn 1nitiated 1n the fluid. The entlre regilion within which the

conducted wave propagates on the wall may therefore be used as

pre——

an excltation surface for a compression osclllation of the
fluid.

—

Conversely, the compression oscillation of the fluid 1n an

—

extended region of the wall may 1n turn excilte a conducted wave

which can be recorded by the respectlve receiliving oscillation

transducer. In this case, wavelength selectivity of the

measurement may be achieved by the selected spacing of the

pr—

excltation regions and optionally by selection of the sign or

pr——

the phase during the superposition of the measuring signals

recorded 1n the varilous excltatlon regions.

—

The 1ntroduction of the wave components 1n the wvarious

g

excltatlon reglons may be carrilied out with the aid of an

—

osclllation element used for a plurality of excitation regions,

this element being coupled directly or 1ndirectly to the

measuring tube only 1n the respective excilitatlon reglions.

pr——

Preferably, however, separate oscillation elements are used for

the i1ndividual regilons. The oscillation element or elements may

pr— pr——

be coupled directly to the wall of the measuring tube, for
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example adhesively bonded to the measuring tube, or a coupllng

element may be arranged between the oscilllation element and the

wall.

The osclllation element or the oscillation elements may Dbe

coupled to the measuring tube or a further coupling element by

medalrls

less

—

OL

—

a viscous laver. Thils layer may have a viscosity of

than 108 mPas (millipascal-seconds), 1n particular a

p—

viscoslty of between 0.6 mPas and 10° mPas. For example, a

pre——

silicone o01l, the properties of which may be further adapted by

additives, for example 1ntroduced particles, may be used as a

pr—

viscous coupling layer. The 1layer thickness of the coupling

layer may be between 10 pm and 100 pum.

Compared with rigid coupling, for example adhesive bonding, the

advan

cage

1s achieved that stresses between the oscillation

—

element and the wall 1n the event of a temperature change can

be avolded. The measuring tube may for example be formed from

metal or plastic, and the oscillation element may for example

be a plezoceramic with appliled electrodes. Since these materilals

have

advantageous to compensate for resulting di

d 1

— —

"erent thermal expansion coefficients, 1t 1S

pre——

"erent expansions

by a viscous lavyer.

The viscous layer may be electrically 1nsulating, for example

pre——

1n order to 1nsulate an electrode of the oscillation element

possible

from a conductlive measuring tube. As an alternative, 1t 1s

for the viscous layer to be electrically conductive,

for example 1n order to allow contacting of the electrode through

the conductive layer. The viscous layer may contaln particles,

1n particular metal particles. Thilis may on the one hand be used

—

CO achileve a conductivity of the viscous layer, and on the other

pr—

hand the viscosity of the layver may be adapted according to

—

regulrements by addition of particles.

pre——

As an alternative to coupling by means of a viscous laver, 1t

would also be possible to couple the oscillation element or the

osclllation elements directly to the wall, 1n order to allow
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pr— —

more efficient i1ntroduction of oscillations 1nto the wall. This

1s possible, for example, when excessively large temperature

—

varlations are not expected during operation of the measuring

device.

The excltation regions may be essentially rectangular, for

example 1n order to exclte essentially plane wave components.

They may, however, also be curved, 1n order for example to emit

a focused wave component or spread the wave component 1nto an

aperture angle.

As already mentioned, almost complete qgquenching of the

osclllation mode to be attenuated may be achieved 1n the method

according to the 1nvention when plane wave components are

exclted 1n the excitation regions. Various approaches, which

wlill be explalned below, are possible for this.

The half-wavelength, or an odd multiple of the half-wavelength,

pre——

of the oscillation mode to be attenuated with the selected

excltation frequency may be selected as the distance between the

pr—

centres of two excltation regions, the exciltatlon belng carried

out wilth the same phase angle 1n both excitation regions, and

1n particular with the same excitation profile. This results 1n

pr——
—

destructive i1nterference at least for propagation dilirections of

the oscillation mode to be attenuated that lie parallel to the

—

stralght line connecting the centres. If essentially plane wave

components are exclted, 1n particular by usling rectangular

excltation regilions, the oscillation mode to be attenuated may

be quenched essentilially fully for these. For a giliven excltation

pr——

frequency, the wavelengths of the oscilllation modes exclited are

— —

dictated by the dispersion relation of the wall of the measuring

tube, or of that wall section which conducts the wave. The

procedure described may also be used for excitation 1n more than

two excitation regions. Preferably, 1n this case, for a

pr— —

plurality of palrs of exciltatlon regilions 1t 1s the case that the

pr——

spacing of their centres corresponds to the half-wavelength or

— pr—

to an odd multiple of the half-wavelength of the oscillation

mode TO be attenuated.
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file may describe the profile as a function

—

- the deformation of the wall caused by the excitatilion,

or of the forces exerted. When 1dentical oscillation elements

are used for the excitation 1n di

pr—

"erent excltation regions, 1n

particular the same excitatilion signal may be used for a plurality

—

of oscillation el

ements, 1n order to achieve an 1dentical

excltation profile.

As an alternative, 1t 1s possible for the wavelength or a

pre——

multiple of the wavelength

pre——

of the oscillation mode to be attenuated with the selected

excltation frequency to be selected as the distance between the

—

centres of two excltation reglions, the excitatilion being carried

out with a phase o©

pr—— pr—

"set of 180° between the excitation regions

or wlith a mutually opposite excitation profile. This also

results 1n destructive 1nterference for the oscillation mode to

be attenuated.

An opposlite exciltation profile may, for example, be achileved by

—

cach of the excitation reglons belng assigned a respectilive

osclllation element, an excltation signal being delivered to one

—

of the oscillation

elements and the 1nverted excitation signal

being delivered to the further oscillation element, or by a

connection polarity of the oscillation elements or an

pre——

orlientation of the

being reversed for

pr——

pr—

osclllation elements with respect to the wall

the different excitation regions.

Exciltations of this type may also be employed when usling a

plurality of excitation reglions, the excitation regions

preferably 1lving linearly behind one another and an opposite

excitation profile, or a phase o

used 1n each case

pre——

"set of 180°, preferably being

for successilive excltation reglions.

The excitation frequency may, according to a filirst alternative

pre——

of the 1nvention,

be selected 1n such a way that an excilited

pr—— pr——

further oscillation mode of the total wave has twice or half the
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- The oscillation mode to be attenuated. The further

pre——

"1ed by the superposition of the

—

the half-wavelength of the oscillation mode

—

pr—

or an odd multiple thereof, 1s selected as the

distance between the centres of the exciltatlon regions and the

excltation 1s carried out 1n-phase,

profile,

wavelength 1s ampl:

then a

Or wilith the same excitation

further oscillation mode with half the

"1ed. If, however, the wavelength of the

—
-

osclllation mode to be attenuated or an odd multiple thereof 1s

pr——

selected as the distance between the centres of the excitation

regions and the excitation 1s carriled out with a phase ©

of 1807,

An excitation

pr

sel

or wlith mutually opposlite excitation profiles, then a

“regquency,

further oscillation mode with twilice the wavelength 1s amplified.

with which an oscillation mode to be

pre——

attenuated and an oscillation mode having twilce or half the

wavelength can be excited with the same excltation freqgquency,

may be determined

which, or of

pr——

pr——

—

from the dispersion relation of the wall 1in

the wall section of the measuring tube 1n which,

the wave components are excilited.

The exciltation

frequency may be selected 1n such a way that only

the oscillation mode tTo be attenuated and the further or a

pr——

further oscillation mode are excilted. A correspondling fregquency

—

may be determined with the aid of the dispersion relation of the

wall, or

relatively low excltation

relation occur,

whilich correspond to the

for example

—

OL

the wall section. Particularly 1n the case of

for Lamb waves,

symmetric Lamb waves.

In order

quantity,

excltation 1n two o:

L O

pre——
—

frequencies and/or wall thicknesses,

—

only two branches of the dispersion

1n particular the so-called Ay and Sy branches,

—

fundamental modes of the asymmetric and

determine the fluid guantity or a further fluid

further

measurement data may be recorded, the

pre——

- the excilitation regions 1n order to record

the measurement data being carriled out with the same phase and

the same excitation profile, and 1n order to record the further

measurement data wlth a phase o©

excltation profile,

Or V1Cce vVversa.

p—

—

"set of 180° or opposite

It 1s also possible that,
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for parts o
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pre——

pr—

pr— pr—

a corresponding
"set or a correspondling reversal of the excitation
the excitatlon regilions. An

"1le may, for example, be achieved by

reversing the 1nterconnection of electrodes of an oscillation

element used

signal.

for an excltation region,

or 1nverting a drive

The effect which can be achieved by the procedure described 1s

that, 1n order to

record the measurement data, a first

osclllation mode 1s attenuated and a second oscilillation mode 1s

amplified, and 1in order to record the

the first

oscillation

oscilllation mode 1s

excltation

explalned 1n the 1ntroduction, di

pre——

INONS

TWO

further measurement data

mode 1s amplified and the second

attenuated. Thilis allows mode—-selectilve

dif

pr— pr—

pre——

"erent oscilllation modes. Since, as

"erent propagation paths for

the excilited compression oscilillations 1n the fluid result for

pr—— pr—
—

different oscillation modes of Lamb waves, a measurement of the

flulid guantity 1n relation to di

pre——

therefore be achieved with little technical outlay.

In addition or as an alternative,

pr——

pre——

"erent propagation paths may

the explained matching of the

distance between the centres of the excitation regions and the

excltation

—

frequency may be used to 1n

"luence a propagation

pre——
—

direction of the total wave, or to attenuate the propagation o:

the total wave 1n one direction.

exclting essentially plane waves,

pr——

pr—

To this end, particularly when

the spacing of the centres and

the phase angle of the excitations may be selected 1n such a way

pre——

that an oscillation mode of the wave components 1s essentially

quenched 1n one direction and amplifilied 1n the other direction

One qguarter ot

pre——

—

the wavelength or an odd multiple o:

pr—

—

- Oone guarter

of the wavelength of the oscillation mode to be attenuated with

the selected excitation

alternative

between two excitatilion regions,

O

wlth a phase ©

exclting a plane wave,

—

pr—

the

pre——
—

“set O

frequency may, according to a second
invention, be selected as the distance
the excitatlon being carried out
© 90° between the excitation regions. When

two plane waves which travel 1n opposite
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propagation directions are conventionally exclted. The above-

described superposlition results 1n a constructilive 1nterference

for one of these propagation directions and destructive

interference for the other.

This willl be shown below with reference to an example 1n which

— —

the spaclng 1s one gquarter of the wavelength of the oscillation

mode to be attenuated and a phase offset of +90° is used. In a

first excilitation region, the following conducted wave 1s

10 exclted:

Y, =sin(27ﬂx—a)t)+sin(—27”x—a)t)

Here, A is the wavelength, * is the distance from the excitation

15 position, t 1s the time and ® 1s the product of 2n and the

—

frequency of the conducted wave. Because of the phase offset and

the distance between the regions, the following conducted wave

travelllng 1n both directions 1s excited 1n the second region:

2 =si( S (8 + 4/f) - ot =)+ sio( -2 (x+ 4/) - ot ~ 1)

20
A superposition, 1.e. a sum of the two waves, may be calculated
by trigonometric rearrangement, the followlng result belng
obtalned:

25

Y+ ¥, =2-sin(27”x—a)t)

A superposition of the two conducted waves therefore results 1n

a conducted wave which propagates only 1n one propagation

30 direction, slnce constructilive 1nterference results for this

pr——

propagation direction and destructive 1nterference results for

the opposite propagation direction.

As may readlly be seen from the calculation above, the addition

35 of a complete wavelength to the oscillation mode to be attenuated
one half-wavelength,

pr—

does not change the result. Addition o
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_lO_
l.e. distances of for example 0.75 times, 1.75
times the distance, or a phase shift of -90°,

reversal of

pre——

OL

—

a phase ©

tlmes or 2.75
would lead to

the remalning propagatlion direction. By selection

pr—

p—

"set between the excitation regions, for example

by separate provision of excitation signals for the oscillation

"ore also allows elective

elements whilich are assigned to the 1ndividual excitation
regions, the procedure described there:
speciflication of one of two possible propagation

the total wave.

The approaches discussed above for suppressing

—

mode and for

comblned.

To this end, the excitation

directions for

an oscillation

suppressing a propagation direction may Dbe

frequency may be selected

1n such a way that the oscillation mode to be attenuated 1s at

least partially guenched by destructive 1nterfere

components

1n the propagation direction, a

—

nce of the wave

nd a further

osclllation mode to be attenuated 1n a further propagation

direction opposite to the propagation dilrection 1s at least

pr—

partially quenched by destructive 1nterference of the wave

components 1n the further propagation direction.

In particular,

the wave components may be superposed 1n such a way that the

osclllation mode to be attenuated 1s amplified

1n the further

propagation dilrection by constructlive 1nterference, and the

propagation direction. In particular, the oscil

further oscillation mode to be attenuated 1s amplified 1n the

lation mode to

be attenuated may be emltted essentially only 1n the further

propagation dilrection and the

further oscillation mode to be

attenuated may be emitted essentially only 1n the propagation

direction. D1

ol

—

—

"ore emlitted 1n

"erent oscillation modes are there:

"erent propagation directions.

This may be achieved by the excilitatlion frequency

in such a way that the ratio of the wavelen

being selected
gth Ao o0f the

osclllation mode to be attenuated to the wavelength A1 of the

A

further oscillation mode to be attenuated 1is ‘%

- 2@2p+D)+(-1)”
2m+1

4

where m and p are respectively zero or a posltive 1nteger. AS

explalined below, m speclifies the distance betwe

en The centres



10

15

20

29

30

39

—

of the excitation regions and the sign of the phase di
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pr—

“erence.

Thlis relation may be derived as follows:

pre——

f an oscillation mode with the wavelength Ao 1s 1ntended to be

emltted directilionally, then, as explained above, the distance

AX may be one quarter of the wavelength or an odd multiple of

pr—— pre——

pr— pr—

one quarter of the wavelength of the oscillation mode to be

allelllld

ced:

A

A3c=(2m+l)-?0

4

where m 1s zero or an 1nteger. The phase offset ¢ may then be

selected as follows:

T
p=CD"5

B

the

further oscillation mode to be attenuated 1s 1ntended to

be guenched 1n that direction 1n which the oscillation mode to

be attenuated 1s amplified, then the further oscillation mode

to be attenuated must 1nterfere destructively, 1.e. have a phase

offset of

—
o

pr—
-

180°, or m, or an integer odd multiple thereof:

Ax

Cp+D)-m=2r——¢

A

pr—

where p 1s equal to zero or an 1nteger. Substitution of Ax and

@ and rearrangement results 1n the condition above for the ratio

pre——

— pr—

of the wavelengths. If the dispersion relation of the wall 1s

known,

“1ed

satis:

excltation

then an excitation frequency for which this condition 1s

may deliberately be selected. Preferably, the

frequency 1s 1n this case selected 1n such a way that

pr——

exactly 2 oscillation modes of Lamb waves can be excited, the

pr—

wavelengths of which have the ratio described. Preferably, p

and/or m are each less than or equal to five or less than or

equal to three.
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transducer may

1on elements, by

which one of the wave components 1s respectlvely excited. A

common control signal may be provided by a co

p—

the oscillation elements, 1f 1n-phase excitatio

pr—
—

excltatlion profile 1s desired. A phase shift o:

of the excitation profile, may for example

ntrol device for
n or an 1dentical
180°, or reversal

by achieved by

lnverting a drilve signal, arranglng a correspondiling oscillation

element 1n a reversed fashion on the wall, or changing a polarity

of the connection of the oscillation element tTo

a control device.

The oscillation elements may be plezoelectric oscillation

elements. They may be arranged on the wall or on a coupling

element arranged between the wall and the osc:

llation element.

Relatively simple electrode structures are pre:

"erably used. For

example, only two opposite electrodes may be provided, 1n which

—

case one of tThese electrodes may also locally

the oscilllation element for easier contacting

pre——

a Thickness oscillation of the oscillation el

—

be routed around

and/or protrude

from the oscilllation element as a plate electrode. Preferably,

ement 1s exclted

perpendicularly to the wall of the measuring tube.

—

The dimensions of the respective oscilllation element may Dbe

selected 1n such a way that the selected excitation frequency

1s a resonant Tfrequency of the oscillation element, 1n

pre——

particular a resonant frequency of a thickness

osclllation elements may extend essentlally over the width of

oscillation. The

pre——

the measuring tube. It 1s, however, also possible to provide a

pre——

plurality of, 1n particular jolntly control

led, oscillation

elements 1n an excilitation regilion. For example, a linear straight

—

or curved arrangement of, for example, circular oscillation

elements may be used 1n order essentially to exclte a plane wave

1n the respectlve excilitation region. The

—

extent of the

osclllation elements 1n the longitudinal direction of the tube,

pre——

or 1n the directlion of a stralght connecting

pr——

line between the

centres of the excitation regilions, may for example be equal to

pre——

or less than half the wavelength o

—

the oscil]

ation mode to be

attenuated.
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pre——

It 1s also possilible to use very thin oscillation elements. In

1t 1s possible that the oscillation elements do not

have a natural mode 1n the region of the excitation freqgquency,

so that broadband excitation 1s made possible.

posslble to use so-called

W

as oscillation elements.

By the method according to the i1nvention,

carrlied out on a

but also on a

pre——

It 1s also

plezoelectric wafer active sensors”

measurements can be
fluid flow flowlng through the measuring tube,

fluid which 1s statlic 1n the measuring tube. The

use of oscillation transport for recording fluild properties 1s

1n princiliple known 1n the prior art.

example, 1t 1s oO:

—

p—
-

of a time of fl3

second ul

“rasound

—

In ultrasonilic meters, for

"ten the case that time-of-flight differences

ght of an oscillation between a

—

first and a

“ransducer and vice wversa are o:

“en recorded

and a fluid velocity can be determlined therefrom. It 1s, however,

also possible to evaluate other measurement data 1n order to

determine

fluid propertiles. For example, a signal amplitude at

the receiving oscillation transducer may be evaluated 1n order

—

to record an attenuation of the oscillation during the transport

through the
dependently,

fluid. Amplitudes may also be evaluated fregquency-

pr—

and absolute or relative amplitudes of particular

spectral ranges may be evaluated 1n order to record a spectrally

different attenuation behaviour 1n the fluid. Phase angles of

different

example to obtain in:

the measurement

dispersion behaviour o

frequency bands may also be evaluated,

—

1n order for

"ormation about the dispersion behaviour of

—
e

section. Preferably, 1nformation about the

pr—

the pressure wave 1n the

pr——

fluid and/or

about the behaviour of the Lamb wave 1n the wall may be

determined. As an alternative or 1n addition,
spectral composilition or the amplitude as a

example within a measurement pulse,

volume and/or a density,

fluid may

By evaluation of

—

for example be determlined as

changes 1n the

pr—— pre——

function of time, for

may also be evaluated.

these quantities, a flow rate and/or a flow

pr——

temperature and/or viscosity of the

fluid gquantities. In

—

additlion or as an alternative, for example, a speed of sound 1n
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the fluid and/or a composition of the fluid, for example a mixing

pre—— pre——

ratio of di

"erent components, may be determlined. Varilious

pr—

approaches or obtailining these fluld guantities from the

measurement quantities explalned above are known 1n the prior

art, and will therefore not be presented 1n detail. For example,

relationships between one or more measurement gquantities and the

fluid gquantity may be determined empirically, and for example a

look—up table or a corresponding formula may be used 1n order

to determine the fluid gquantity.

Besides the method according to the i1nvention, the 1nvention

also relates to a measuring device for determining a fluid

quantity relating to a fluid and/or a fluid flow of the fluid,

which measuring device 1s specified by Patent Claim 9 and which

1s configured for carrying out the method according to the

invention and may be refined with the features disclosed

regarding the method according to the 1nvention. The method

according to the i1nvention may likewlse be refined with features

which are explalned regardling the measuring device. The

pre——

excltation frequency may be specified 1n a fixed fashion, for

example by correspondlng programmlng oOr a correspondiling

—

structure of the control device.

The first and/or the second oscillation transducer respectively

pre——

may comprise a plurality of oscilllation elements, at least one

g

respectlive osclllation element 1n each of the excitation regions

being coupled to the measuring tube directly or by means of at
least one coupling element. For example, a viscous lavyer and/or

an element which carriles the oscillatlion element may be used as

a coupling element. The oscilllation element may for example be

a plezoelectric oscillation element, an electromagnetic

osclllation element, a capacltive micromechanilical ultrasound

transducer or an electroactive polymer.

The control device may provide a common drive signal for the

pre——

osclllation elements of the respective oscillation transducer,

the drive signal belng delivered directly to at least one

osclllation element and with reversed polarity to at least one
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osclllation element, so that a mutually opposlite excitation

pre——

proflle of the oscillation elements results, or the drive signal

being delilvered directly to all oscilllation elements. Such

pre——

common provision of a drive signal 1s particularly simple to

p—

5 achieve technically. Reversal of the polarity may, for example,

pr——

be carried out Dby reversed connection of electrodes of the

pr—

osclllation elements or by means of an 1nverter cilircult. It 1s

also possible for the measuring device to be configured 1n such

a way that 1t 1s possible to swlitch over between direct delivery

10 of the drive signal and delivery with reversed polarity for some

pre——
—

of the oscilllation elements, for example 1n order to swilitch over

between different oscillation modes To be attenuated or

ampllified, as explained regarding the method according to the

invention.
15

As an alternative, the control device may be configured to

pr—

provide, for at least two of the oscillation elements, drive

signals which are mutually phase-shifted or have a mutually

opposite signal profile. For example, the drive signals may be

pr— pr—

"erent channels of one or more digital/analogue

20 provided via di

converters.

pre——

Further advantages and details of the 1nvention may be found

from the followlng exemplary embodliments and the associated

25 drawilngs, 1n which, schematically:

— —
-

Figs 1 - 3 show various views oOof one exemplary embodlment of

a measuring devilice according to the 1nvention, by which one

—

exemplary embodiment of the method according to the 1nvention

30 may be carried out, and

—

Fig. 4 shows a detail view of a further exemplary

pr—

embodiment of a measuring device accordiling to the i1invention, by

pre——

which a further exemplary embodiment of the method according to

35 the 1nventlon may be carried out.

Fig. 1 shows a measuring device 1 for determining a fluid

quantity relating to a fluid and/or a fluid flow. The fluid 1is
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1n this case conducted 1n a direction shown by the arrow 7

pre——

through an 1nterior 4 of a measuring tube 3. In order to

determine the fluld qguantity, 1n particular a flow volume, a

pre—— pr—

time-of-flight dij

pre——

"erence between the times of flight from a

first oscillation transducer 5 to a second oscillation

transducer © and vice versa may be determined by the control

device 2. In this case, use 1s made of the fact that this time

of flight depends on a velocity component of the fluilid parallel

—

to a propagation direction of an ultrasound ray 8 through the

fluid. From this time of flight, 1t 1s therefore possible to

pr—

determine a flow rate averaged over the path of the respective

pre——

ultrasound ray 8 1n the direction of the respective ultrasound

ray 8, and therefore approximately an averadged flow rate 1n the

volume through which the ultrasound ray 8 passes.

pr——

In order on the one hand to allow arrangement of the oscillation

transducers 5, © outside the measuring tube 3, and on the other

—

"erent flow rates

hand to reduce a sensitivity 1n relation to di

—

at different positions of the flow profile, an ultrasound ray

8, l.e. a pressure wave, 1s not 1nduced directly 1n the fluid

by the first oscillatilion transducer 5. Instead, a conducted wave

—

1s exclted 1n the side wall 9 of the measuring tube 3 by the

osclllation transducer 5. The excitation 1s carried out with a

frequency which 1s selected 1n such a way that a Lamb wave 1s

exclted 1n the si1ide wall 9. Such waves can be excited when the

—

thickness 10 of the side wall 9 1s comparable to the wavelength

pre——

of the transverse wave 1n the solid, which 1s given by the ratio

pr— pr— pr—
h—

of the speed of sound of the transverse wave 1n the solid and

the exclted frequency.

The conducted wave excilted 1n the side wall 9 by the oscillation

transducer 5 1s schematically represented by the arrow 11. By

pre——

the conducted wave, compression osclllations of the fluid are

exclted, which are emitted 1nto the fluid 1n the entire

—

propagation path of the conducted wave. This 1s represented

pr——

schematilically by the ultrasound rays 8 offset wilth respect to

one another 1n the flow direction. The emilitted ultrasound rays

8 are reflected at the opposite side wall 12 and conducted
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through the fluid back to the side wall 9. There, the 1ncident

ultrasound rays 8 agaln exclte a conducted wave 1n the side wall

9, which wave 1s schematically represented by the arrow 13 and

can be recorded by the oscillation transducer 6 1n order to

p—
-

determine the time of flight. As an alternative or 1n addition,

1t 1s possible to record the emitted ultrasound waves by means

—

of an ultrasound transducer 15 which 1s arranged on the side

wall 12. In the example shown, the ultrasound rays 8 are not

reflected, or are reflected only once, at the side walls 9, 12

on theilir path to the ultrasound transducer o6, 15. It would, of

course, be possible to use a longer measurement section, 1n

which case the ultrasound rays 8 are reflected several tlimes at
the si1de walls 9, 12.

In the procedure described, 1t may be problematic that the

dispersion relation for Lamb waves 1n the side wall 9 has a

pre——

plurality of branches. During excilitation wlth a particular

frequency specified by the control device 2, 1t would therefore

pre——

be possible for di

pr—

"erent oscilillation modes, which Thave

different phase velocities, to be excited for the Lamb wave. The

pr—

effect of this 1s that the compression waves are emltted at

—

different Ravleligh angles 14 as a function of these phase

—

velocities. This results 1n different paths, which typilically

pre——

"erent times of flight, for the conduction of the

pre——

have di

ultrasound wave from the oscillation transducer 5 to the

osclllation transducer 6 and vice versa. The received signals

pre——

for these different propagation paths would therefore need to

be separated by elaborate signal processing by the control

device 2, 1n order to be able to determine the fluid gquantity.
This on the one hand requires an elaborate control device, and
on the other hand 1s not robustly possible 1n all applications.

—

Maximally pure—-mode excitation of conducted waves should

therefore be carried out 1n the oscillation transducer 5.

—

Fig. 2 shows a structure of the oscilllation transducer 5, by

—

whilich pure-mode excitation of a total wave conducted 1n the wall

9 1s made possible. The oscillation transducer 5 comprises two

mutually separated excilitation regions 16, 17, 1n which wave
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components respectively conducted 1n the wall 9 are excited by

a respective oscillation element 18, 19, these components beilng

superposed to form the total wave. Lamb waves are exclted as

wave components. Since the oscillation elements 18, 19 are
essentially rectangular and are coupled to the wall 1n the entilre
excltation region 1lo, 17, essentially plane waves, which are

conducted through the wall 9 1n the propagation directions 23,

24, are exclted as wave components.

In order to achieve pure-mode excilitation, the distance 20

pre——

between the centres 21, 22 of the excitation regions 16, 17 and

the excitation fregquency specified by the control device 2 are

selected 1n such a way that an oscilllation mode, to be

pre——

attenuated, of the wave components 1s essentlally gquenched by

destructive 1nterference 1n the propagation directions 23, 24.

In order to achieve thilis, the excitation frequency 1s selected

—

1n such a way that the wavelength 25 of the oscillation mode to

—

be attenuated, accordiling to the dispersion relation of the wall

9 at the selected excitation frequency, 1s twlce as long as the

dlistance between the centres 21, 22 of the excitation regions

1o, 17. Since the oscillation elements 18, 19 are essentially

constructed 1n the same way and are driven wlith a common drive

pr—

signal by the control device 2, destructilive 1nterference of the

wave components results 1n relation to the oscillation mode to

be attenuated, the latter essentially being fully suppressed

pre——

f the excitation frequency 1s then selected 1n such a way that

only the oscillation mode to be attenuated and a single further

osclllation mode are exclited, which 1s readily possible with a

known dispersion relation of the wall 9, then essentially pure-

—

mode excitation of the further oscillation mode can be carried

out.

In the exemplary embodiment shown, the excilitation frequency 1s

selected 1n such a way that the wavelength 26 of the further

pre——
h—

exclted oscillation mode 1s exactly half as 1long as the

—

wavelength 25 of the oscillation mode to be attenuated. In this

way, the advantage 1s achleved that the wave components excited
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1n the excitation regions 16, 17 1interfere constructlvely 1n

relation to the further oscillation mode, so That this

osclllation mode 1s provided having a greater amplitude.

The control signal provided by the control device 2 may also be

1nverted by an inverter circult 27 before 1t 1s delivered to the

osclllation element 19. One possibility for this 1s represented

—

in F1g. 3. The oscillation element 19 consists of a plezoelectric

— —
e

block 30, for example a block 30 of pilezoceramic or of a

plezocomposlte ceramlc, on which two flat electrodes 28, 29 are

arranged. The oscilllation element 19 bears wilth one electrode

29 on a coupling element 31, namely a viscous coupling laver

which couples the oscillation element 19 to the wall 9 1n the

excltation region 17. The viscous layer may, for example,

comprlise metal particles 1n order to adapt 1ts vVv1iscosity

according to requlrements. It 1s preferably nonconductive 1n

pr—

order to 1nsulate the electrode 29 from the wall 9, 1f the wall

pr—— pr——

9 1s conductive. Instead of coupling by means of the coupliling

element 31, the oscillation element 19 could also be coupled

directly, for example adhesively bonded, to the wall 9. The

electrode 29 1s primarily arranged on the side of the oscillation

element 19 facing towards the measuring tube, but partially

covers the block 30 1n order to allow easler contactiling.

In the state of the i1inverter circuilt 27 as shown, the electrode

29 1s coupled to a reference potential 32 and the electrode 28

—

1s supplled with a drive signal of the control device 2. By

swltchling over the switches 33, 34, the allocation of the signals

to the electrodes 23, 29 can be reversed, so that a reversed

excltation profile 1n the exciltatilion region 17 results from the

same drive signal.

—

Swilitching o the 1nverter circuit 27 therefore leads to

excltation with a mutual opposite excitation profile being

carrlied out 1n the excitation regions 1lo, 17, 1.e. 1n the case

—

of excitatlion with a harmonic oscilllation excitation takes place

with a phase shift of 180°. This leads to the further oscillation

mode with the wavelength 26 now being attenuated, whille the
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previously attenuated oscillation mode with the wavelength 25

— H

1s amplified. If these two oscillation modes, as explalned

above, are the only two exciltable oscillation modes, mode-

selective oscilllation exciltation can therefore be carried out

5 1n the measuring device 1, 1t being possible to switch over

between two oscilllation modes. This 1s advantageous 1n

particular since the Ravyleigh angle 14, with which the

compresslion waves are emltted i1into the fluid, and therefore the

pr—

propagation path of the compression waves, depends on the phase

—

10 veloclity and therefore on the wavelength of the oscillation mode

exclted. By the procedure described, 1t 1s therefore possible

to swilitch over between two defined propagation paths for the

pre——

compression waves, so that the determination of the fluid

g

quantity can be 1mproved, or determination of some fluid

15 quantitles can be made possible for the first time.

pre——

The sguare cross section of the measuring tube 3 represented 1n

Fig. 3 1s purely exemplary. As an alternative, for example, 1t

1s also possible to use a measuring tube which 1s round, or one

20 which 1s essentially round and flattened only at the arrangement

surfaces of the oscillation transducers b5, o, 1b.

pr—

Fig. 2 shows 1n addition a further example of an excltatilion

g

region 49, which could be used i1nstead of the excitation region

pre——

25 17 or 1n addition thereto. The centre of the excitation region

pre——

49 Jlies 1.5 times the wavelength 25 of the oscillation mode to

pre——

be attenuated away from the centre 21 of the excilitatlon region

16, so that destructive 1nterference for the oscillation mode

to be attenuated also results from excitation 1n the excilitation

30 region 49 with the same excltation profilile as 1n the exciltation

region 16.

In addition or as an alternative to the mode-selectilive

excltation described above, the excitation may also be carried

pre—— pre——

35 out 1n such a way that one of a plurality of propagation

pr——
—

directions may be specified for the total wave. An example of

—

this 1s represented 1n Fig. 4. The structure of the oscillation

pr——

transducer 35 corresponds substantially to the structure of the
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osclllation transducer 5 explalned above, except for the fact

that the distance 45 between the centres 43, 44 of the excitation

—

regions 36, 37 1s selected 1n a different way than as explalned

above, and that separate drive signals, which are mutually

phase-shifted by +90° or -90°, are provided by the control device

38 for the oscillation elements 41, 42 arranged 1n the excilitation

regions 36, 37. The distance 45 1s 1n thilis case selected 1n such

pr——

a way that 1t 1s one quarter of the wavelength 46 of that

—
e

osclllation mode which 1s 1ntended to be suppressed for one of

pr——

the propagation directions 39, 40. The effect of the selection

pre——

of this distance, together with the phase shift by 90°, is that

the oscillation mode to be attenuated 1s emitted only 1n the

propagation direction 39 or only 1n the propagation direction

—

40, depending on the sign of the phase shift, and emission 1n

the other propagation dilrection 1s suppressed by destructilive

lnterference.

g

This effect could also be achieved 1f, 1n addition or as an

alternative to the excitation 1n the excitation region 37,

excltatlon 1s carrled out 1n the exciltation region 47, the centre

—

of which 1s separated from the centre 43 of the excitation region

pr——

36 by three quarters of the wavelength 46, or 1n the excitation

pre——

region 48, the centre of which 1s separated from the centre 43

pr— pr—
h—

of the exciltation region 36 by five quarters of the wavelength
46.

pre——
—

the excitatlion 1s carried out 1n the excitation region 47

pr——

instead of 1n the exciltation region 37 with the same phase

pr

offset, then the remaining propagation dilrection of the

pr— pr—
h— h—

osclllation mode changes. If, for example, emilission of the

osclllation mode previously took place only 1n the propagation

g

direction 39, then with a change of the excitation region from
the excitation region 37 to the excitation region 47 1t takes

place 1n the propagation direction 40. The propagation direction

may agalin be reversed by changing from a phase shift of +90° to

a phase shift of -90°, or vice versa.

The approaches discussed above for suppressing an oscillation




10

15

DK/EP 3421945 T3

—

mode and for suppressing a propadgation direction could be

comblined. To this end, the excitation freqgquency may be selected

1ln such a way that a first oscillation mode 1s emitted

essentlally only 1n a first propagation direction, and a second

osclllation mode 1s emltted essentilially only 1n an opposite

second propagation direction. Different oscillation modes would

—

therefore be emitted 1n different propagation dilirections.

This may be achieved by selecting the exciltation fregquency 1n

pr— pr—

such a way that the ratio of the wavelength Ao of the first

—

osclllation mode to the wavelength A1 of the second oscillation
Ay 2@2p+1)+(=D”
2m+1

mode 1S 4 , Wwhere m and p are respectively zero or

—

a posltive 1nteger. The spacing 45 of the excitation reglions 1S

—

2m + 1 times the quarter of the wavelength. In the example shown

—

in Fig. 4, m 1s therefore equal to zero. If the excitation

regions 47 or 48 shown by dashes were used, then m would be

equal to one, or equal to two. P may be selected freely.
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Patentkrav
1. Fremgangsmade till maling af en fluidstorrelse for et fluid
og/eller en fluidstreomning af fluidet med en maleanordning (1),

som omfatter et malergr (3), som optager fluidet og/eller kan

pr—

gennemstreommes af fluldet, og en fogrste og en anden med 1ndbyrdes

afstand pa malergret (3) placeret svingningstransducer (5, 6,

—

- en respektiv gennem

15, 35) omfattende trinnene: - aktivering a:

en vag (9) 1 malergret (3) fort samlet bglge gennem den fgrste

og/eller anden svingningstransducer (5, 6, 15, 35), idet der wved

pre——

hjaelp af den pagaldende svingningstransducer (5, 6, 15, 35) 1

flere aktiveringsomrader (1o, 17, 36, 37) med hver 1se&r

1ndbyrdes afstand 1 vaeggen (9) aktiveres forte delbglger, som

overlejres ti1il den pagazldende samlede bglge, 1det afstanden
(20, 45) mellem midtpunkterne (21, 22, 43, 44) pa

aktiveringsomraderne (16, 17, 36, 37) og aktiveringsfrekvensen

velges saledes, at der 1 det mindste delvist udslettes et

g

svingningsmode, der skal dempes, ved hjelp af en destruktiv

interferens 1 delbglgerne 1 det mindste 1 en udbredelsesretning
(23, 24, 39, 40), 1det aktiveringsomraderne (16, 17, 36, 37) har
en 1ndbyrdes afstand 1 udbredelsesretningen (23, 24, 39, 40),

— —
-

— aktivering af en kompressionssvingning af fluidet ved hjelp

pre——
—

af den pagaxldende samlede boglge

pr——

— reglstrering af maledata for kompressionssvingningen via

den pagaeldende anden svingningstransducer (5, 6, 15, 35), og

pr—— pr—
—

— maling af fluldstorrelsen afhengigt af maledataene,

kendetegnet ved, at

° enten aktiveringsfrekvensen valges saledes, at et aktiveret

vderligere svingningsmode 1 den samlede bgolge har den dobbelte

pre——

eller halve bglgelaengde (25, 26) af det svingningsmode, der skal

dempes;

pre—— pre——

. eller 1det en fjerdedel af Dbolgelengden (460) af det

svingningsmode, der skal daempes, eller flere gange en fjerdedel

pre——

af bolgelengden (46) med et ulige antal ved den valgte

aktiveringsfrekvens valges som afstand (45) mellem midtpunkterne

(43, 44) pa to aktiveringsomrader (306, 37), 1det aktiveringen

gennemfgres med en faseforskydning pa 90 ° mellem

aktiveringsomraderne (36, 37), 1det det svingningsmode, der skal
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dempes, 1 det mindste delvist udslettes af en destruktiv

interferens 1 delbglgerne 1 udbredelsesretningen (23, 24, 39,

40) og et vyderlilgere svingningsmode, der skal dempes, 1 det

mindste delvist udslettes 1 en vderligere udbredelsesretning

pr—
—

(23, 24, 39, 40), der er modsat udbredelsesretningen af en

destruktiv interferens 1 delbglgerne 1 den vderligere

udbredelsesretning.

2 . Fremgangsmade 1folge krav 1, kendetegnet ved, at den halve

boglgelaengde (20) eller flere gange den halve bolgelangde (295)

pre——

af det svingningsmode, der skal dempes, med et ulige antal ved

den valgte aktiveringsfrekvens valges som afstand (20) mellem

midtpunkterne (21, 22) pa to aktiveringsomrader (1o, 17), 1det

aktiveringen 1 begge aktiveringsomrader (16, 17) gennemfgres med

samme faseleje.

3. Fremgangsmade 1folge krav 1, kendetegnet  ved, at

bolgelengden (26) eller flere gange bolgelangden (260) pa det

svingningsmode, der skal dempes, ved den valgte

aktiveringsfrekvens valges som afstand (20) mellem midtpunkterne

(21, 22) pa to aktiveringsomrader (lo, 17), 1det aktiliveringen

gennemfgres med en faseforskydning pa 180° mellem

aktlveringsomraderne (10, 17) eller med mod hinanden

modsatrettet aktiveringsforlgeb.

—

4. Fremgangsmade 1fglge et af de foregaende krav, kendetegnet

ved, at aktiveringsfrekvensen valges pa en sadan made, at det
udelukkende er det svingningsmode, der skal daempes, o0og det

vderligere eller et vyderlilgere svingningsmode, der aktiveres.

pre——

o. Fremgangsmade 1fglge et af de foregaende krav, kendetegnet

—
-

ved, at der til maling af fluidsteorrelsen eller en vyderligere

fluidstorrelse reglstreres vderligere maledata, 1det

aktiveringen 1 to af aktiveringsomraderne (1o, 17) til

pre——

reglstrering af maledataene sker med samme fase o0g samme

—
-

aktiveringsforlegb og til registrering af de vderligere maledata

med en faseforskydning pa 180° eller modsatrettet

aktiveringsforleob eller omvendt.
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pre——

0. Fremgangsmade 1fglge et af de foregaende krav, kendetegnet

ved, at aktiliveringsfrekvensen er valgt saledes, at forholdet
mellem beolgelaengden
Ao 1 det svingningsmode, der skal dampes, o0og bglgelaengden A1 1

det vyderligere svingningsmode, der skal dempes, er

by _2Q2p+D)+(-1)"

A 2m+1

1det

m Og p hver 1sar er nul eller et positivt helt tal.

pre——

7. Fremgangsmade 1folge et af de foregaende krav, kendetegnet

ved, at den forste og/eller den anden svingningstransducer (5,

o, 15, 3b) hver 1ser omfatter flere svingelementer (18, 19, 41,

—

42), hvorligennem den pagazldende ene af delbglgerne aktilveres.

3 . Fremgangsmade 1feglge krav 7, kendetegnet ved, at
svingelementerne (18, 19, 471, 42) er plezoelektriske
svingelementer.

9. Maleanordning til maling af en fluidstgrrelse for et fluid
og/eller en fluidstremning af fluidet omfattende en styreenhed

(2, 38), et maleror (3), som optager fluidet og/eller som

gennemstregmmes af fluidet, og en fgrste og en anden pa malergret

(3) med 1ndbyrdes afstand placeret svingningstransducer (5, 6,
15, 35), 1det styreenheden (2, 38) er 1ndrettet til at styre den

forste og/eller den anden svingningstransducer (5, 6, 15, 35)

for at aktivere en respektliv gennem en vaeg (9) 1 malergret (3)

pr—

fogrt samlet Dbolge, 1det der ved hjalp af den pagaldende

svingningstransducer (5, o6, 15, 35) 1 flere aktiveringsomrader

(le, 17, 36, 37) med 1indbyrdes afstand hver 1sar aktilveres 1

veggen (9) forte delbglger, som overlejres til den samlede
boglge, 1det afstanden (20, 45) mellem midtpunkterne (21, 22, 43,

44) for aktiverlingsomraderne (10, 17, 360, 37) 0g

aktiveringsfrekvensen valges ©pa en sadan made, at et

svingningsmode, der skal dempes, 1 det mindste delvist udslettes

—

af en destruktiv interferens 1 delbglgerne 1 det mindste 1 en
udbredelsesretning (23, 24, 39, 40), 1det der ved hjelp af den
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pagaeldende samlede bglge kan aktiveres kompressionssvingninger

1 fluilidet, som wvia fluidet kan fgores til den pagaldende

—
-

svingningstransducer (b5, 6, 15, 35) og her kan registreres af

pr—

styreenheden (2, 38) t1l maling af maledata, 1det

— pr—
e

fluldstorrelsen kan males af styreenheden (2, 38) afhengigt af

maledataene, 1det aktiveringsomraderne (lo, 17, 306, 37) 1

udbredelsesretningen (23, 24, 39, 40) har 1indbvyrdes afstand,

pre——

kendetegnet ved, at den er 1ndrettet til gennemforelse af

—

fremgangsmaden 1fglge et af de foregaende krav.

10. Maleanordning 1folge krav 9, kendetegnet ved, at den forste

og/eller den anden svingningstransducer (5, 6, 15, 35) hver isa&r

omfatter flere svingelementer (18, 19, 41, 42), 1det der 1 hvert

af aktiveringsomraderne (16, 17, 36, 37) er koblet 1 det mindste
et respektivt svingelement (18, 19,41, 42) direkte eller via 1

det mindste et koblingselement (31) sammen med malergret (3).

11. Maleanordning 1fglge krav 10, kendetegnet ved, at

styvreenheden (2) tilvejebringer et falles styresignal ti1l

svingelementerne (16, 17) 1 den pagaldende svingningstransducer

(5, ©, 15), 1det der ti1l styresignalet tilfgres 1 det mindste

et svingelement (16) direkte og 1 det mindste et svingelement

(17) med omvendt polaritet, hvorved der fremkommer et 1 forhold

—
-

t1l hinanden modsatrettet aktiveringsforleob af svingelementerne

(16, 17), eller hvorved aktiveringssignalet tilfores direkte til

alle svingelementer (lo, 17).

12. Maleanordning 1fglge krav 10, kendetegnet ved, at

styreenheden (38) er 1ndrettet t1l at tilvejebringe

pr——

aktiveringssignaler ti1l 1 det mindste to af svingelementerne

(41, 42), som er faseforskudte 1 forhold til hinanden eller har

et 1 forhold til hinanden modsat rettet signalforlgb.
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