Office de la Proprieté Canadian CA 2672794 C 2014/01/07

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 672 794
Un organisme An agency of 12 BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2007/11/30 (51) CLInt./Int.Cl. GOTF 23/24(2006.01),
(87) Date publication PCT/PCT Publication Date: 2008/06/26 GOTF 23/26(2000.01)
- . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2014/01/07 DIETERLE. ROLAND. DE:
(85) Entree phase nationale/National Entry: 2009/06/16 WERNET, ARMIN. DE
(86) N° demande PCT/PCT Application No.: EP 200//063074 | (73) Propriétaire/Owner:
(87) N° publication PCT/PCT Publication No.: 2008/074611 ENDRESS+HAUSER GMBH+CO. KG, DE
(30) Priorité/Priority: 2006/12/20 (DE102006060921.2) (74) Agent: SMART & BIGGAR

(54) Titre : DISPOSITIF POUR DETERMINER ET/OU SURVEILLER UNE GRANDEUR DE TRAITEMENT
54) Title: APPARATUS FOR DETERMINING AND/OR MONITORING A PROCESS VARIABLE

B
0

[P P U L —_——

(57) Abréegée/Abstract:

The invention relates to a device for determining and/or monitoring at least one process quantity of a medium (1), with at least one
probe unit (3), and with at least one electronics unit (4) which applies an electrical excitation signal to the probe unit (3) and which
recelves an electrical measurement signal from the probe unit. The invention includes the fact that the probe unit (3) has at least
one Iinner electrode (5) and at least one outer electrode (6) surrounding the inner electrode.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

» . _
‘ l an a dH http:/opic.ge.ca + Ottawa/Gatineau K1A 0C9 - hmp./cipo.ge.ca o p1C
OPIC - CIPO 191




wO 2008/074611 A1 I BT C !0 000 0

CA 02672794 2009-06-16

(12) NACH DEM VERTRAG UBER DIE INTERNATIONALE ZUSAMMENARBEIT AUF DEM GEBIET DES
PATENTWESENS (PCT) VEROFFENTLICHTE INTERNATIONALE ANMELDUNG

(19) Weltorganisation fiir geistiges Eigentum
Internationales Biiro

(43) Internationales Veroffentlichungsdatum

26. Juni 2008 (26.06.2008)

(51) Internationale Patentklassifikation:
GOIF 23/24 (2006.01) GOIF 23/26 (2006.01)

(21) Internationales Aktenzeichen: PCT/EP2007/063074

(22) Internationales Anmeldedatum:
30. November 2007 (30.11.2007)

(25) Einreichungssprache: Deutsch

(26) Verolfentlichungssprache: Deutsch

(30) Angaben zur Prioritat:

102006060921.2

20. Dezember 2006 (20.12.2006) DE

(71) Anmelder (fiir alle Bestimmungsstaaten mit Ausnahme von
US): ENDRESS+HAUSER GMBH+CO.KG [DE/DE];

Hauptstrasse 1, 79689 Maulburg (DE).

(72) Erfinder; und

(75) Erfinder/Anmelder (nur fiir US): DIETERLE, Roland
|[DE/DE]; Rétebrunnen 3, 79588 Efringen-Kirchen (DE).
WERNET, Armin [DE/DE]; Hiisingerstrasse 19, 79618
Rheinfelden (DE).

(10) Internationale Veroffentlichungsnummer

WO 2008/074611 Al

(74) Anwalt: ANDRES, Angelika; c/o0 Endress+Hauser
(Deutschland) Holding GmbH, PatServe, Colmarer Strasse
6, 79576 Weil am Rhein (DE).

(81) Bestimmungsstaaten (soweit nicht anders angegeben, fiir
Jede verfiigbare nationale Schutzrechtsart): AE, AG, AL,
AM, AT, AU, AZ,BA, BB, BG,BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DK, DM, DO, DZ, EC, EE, EG,
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL,
IN, IS, JP, KE, KG, KM, KN, KP, KR, K7, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, §Y,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

(84) Bestimmungsstaaten (soweit nicht anders angegeben, fiir
Jede verfiigbare regionale Schutzrechtsart): ARIPO (BW,
GH, GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
/M, ZW), eurasisches (AM, AZ, BY, KG, K7, MD, RU,
TJ, TM), europdisches (AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, I, FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC,
MT, NL, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CFL,
CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD,
TG).

Veroflentlicht:

mit internationalem Recherchenbericht

(54) Title: DEVICE FOR DETERMINING AND/OR MONITORING A PROCESS QUANTITY

(54) Bezeichnung: VORRICHTUNG ZUR BESTIMMUNG UND/ODER UBERWACHUNG EINER PROZESSGROSSE

(57) Abstract: The invention relates to a device for deter-
mining and/or monitoring at least one process quantity of
a medium (1), with at least one probe unit (3), and with at
least one electronics unit (4) which applies an electrical ex-
citation signal to the probe unit (3) and which receives an
electrical measurement signal from the probe unit. The in-
vention includes the fact that the probe unit (3) has at least
one inner electrode (5) and at least one outer electrode (6)
surrounding the inner electrode.

(57) Zusammenfassung: Die Erfindung bezieht sich auf
eine Vorrichtung zur Bestimmung und/oder Uberwachung
mindestens einer Prozessgrofe eines Mediums (1), mit
mindestens einer Sondeneinheit (3), und mit mindestens
einer Elektronikeinheit (4), welche die Sondeneinheit
(3) mit einem elektrischen Anregungssignal beaufschlagt
und welche von der Sondeneinheit ein elektrisches
Messsignal empfidngt. Die Erfindung beinhaltet, dass die
Sondeneinheit (3) mindestens eine innere Elektrode (5) und
mindestens eine die innere Elektrode umgebende dubere
Elektrode (6) aufweist.
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INING AND/OR MONITORING A PROCESS VARIABLE

APPARATUS FOR DET,

T
Py
=

FIRLD OF INVENTION

The 1nvention relates to an apparatus for determining and/or
monitoring at least one process variable of a medium. The
apparatus 1ncludes: At least one probe unit; and at least one
electronics unit, which supplies the probe unit with an
electrical, exciter signal and which receives from the probe

F

unit an electrical, measurement signal. The medium is, for

example, a liquid, a bulk good or a fluid. The process

—

variable 1s, for example, the fill level of the mediumn.

BACKGROUND OF INVENTION

In process and automation technology, 1t is known to determine

ﬁ

or monitor the fill level of a medium by means of the

capacltive measuring method. In this method, a probe and the
wall of the container, or a second probe unit, form, with the

medium as dielectric, a capacitor. The capacitance of this

capacltor 1s measured and, based on its wvalue, the fill level

1s ascertained. A problem with this method i1s that the probe

unit comes into contact with the medium and that, consequently,
accretion formation can occur on the probe unit. Such

accretion degrades the measuring, or, in general, prevents

H

measurement. In the state of the art, it is known to supply

the probe unit with a relatively high measuring frequency (e.q.

greater than 1 MHz), 1n order to improve insensitivity to

accretion. Disadvantageous with a high measuring frequency is

P

that this is accompanied by a reduction of the allowable,

maximum probe length. This is brought about by frequency

dependent resonance effects arising on the probe, which prevent

a linear measuring. It is necessary, thus, to find a

1
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compromlse between a large probe length (e.g. greater than

10 m) and a good 1nsensitivity to accretion.

SUMMARY OF

INVENTION

Some embodiments of the i1nvention may provide a measuring

device, in the case of which, at a predetermined probe length,

a maximum accretion insensitivity can be set.

some empodiments of the i1nvention provide features including

that the probe unlt has at least one inner electrode and at

least one outer electrode surrounding the inner electrode.

Some embodiments of the invention reside, thus, in the fact

that at least one outer electrode is arranged around the 1inner

electrode.

electrodes.

In an embodiment, there are at least two outer

The 1inner electrode and the outer electrode, or

the outer electrodes, are, in an embodiment, electrically

unconnected. In an embodlment, the i1nner electrode or at least

)

one of the outer electrodes is supplied with the exciter

signal.

1la
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The measurement signal 1s then tapped from the electrode
supplied with the exciter signal.

In an embodiment, at least two outer electrodes are provided,
which differ from one another essentially 1n their distances to
the inner electrode, which they surround. Correspondingly, the
electrodes differ from one another by their distances from the

outer surface of the probe unit, 1.e. the outer electrodes have,
thus, in each case, a different distance to the medium.

An embodiment includes, that the 1nner electrode and the outer
electrode are 1nsulated electrically relative to one another and
relative to the medium. The electrodes are, 1n each case,
1solated by insulation relative to one another and relative to

the medium.

An embodiment provides, that the inner electrode 1s embodied to
be rod shaped or cable shaped.

An embodiment includes, that the outer electrode is embodied, at
least sectionally, to be tubular.

An embodiment provides, that the probe unit has at least two
outer electrodes, and that the outer electrodes have egual wall

thickness.

An embodiment includes, that the outer electrode is embodied in
such a manner, that the outer electrode coaxially surrounds the
inner electrode. In an embodiment, thus, the rod-shaped inner
electrode 1s concentrically surrounded by at least one outer

g—

electrode, or by a plurality of outer electrodes.

An embodiment provides, that the electronics unit is embodied in
such a manner, that the electronics unit supplies the inner
electrode and/or the outer electrode with the exciter signal.

In an embodiment, 1n which at least two outer electrodes are
provided, the electronics unit is embodied in such a manner,
that the electronics unit supplies the inner electrode and/or at

F

least one of the outer electrodes with the exciter signal.

An embodiment includes, that the electronics unit is embodied in
such a manner, that the electronics unit supplies the inner
electrode and/or the outer electrode in a predeterminable
sequence with the exciter signal. The outer electrodes are,
Chus, 1n an embodiment, supplied with the exciter signal at
different points in time.
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An embodiment provides, that at least two outer electrodes are
provided, and that the electronics unit 1s embodied 1n such a
manner, that the electronics unit supplies the inner electrode
and the outer electrodes alternately with the exciter signal.
In an embodiment, this alternating supplying is performed at the
installation of the measuring device, while, 1n the case of
another embodiment, 1t is on a rotating schedule, and, -in the
case of an additional embodiment, on the basis of a manual
triggering. Especially, the measurement signal is tapped from
'that electrode, which is supplied with the exciter signal. The
probe unit of the invention is, thus, provided with a number of
electrodes, which all can be supplied with the exciter signal

and from which the measurement signal is receivable. The

- electrodes are, in such case, embodied and arranged-in such a -
manner, that the distance between electrode and medium is, in

each case, different, i.e. the insulation between electrode and

medium has, in each case, a different thickness.

An embodiment includes, that the electronics unit is embodied in
such a manner, that the electronics unit receives and evaluates
the measurement signals associated with the individual
supplyings of the inner electrode and the outer electrodes with
the exciter signal. Since the individual electrodes are
supplied, a curve of measurement signal as a function of the
different excitings can be determined and differences compared
with expected values. By the course of the offset between the
individual excitings of the individual electrodes, as
ascertained during scan through, it can be ascertained, with
which electrode the best measurement result can be obtained. A
criterion therefor is: From when do the offset differences, to a
predetermined approximation, lie about on a line, whose slope is
determined by the design of the probe unit and is, thus, known?
For understanding, this can also be explained as follows: If one
scans through all electrodes during the empty calibration (i.e.
the medium is not contacting the probe unit) and during the full
calibration (i.e. the probe unit is completely covered by the
medium), then, in the case of a certain fill leve] (e.g. 50%),
the fill levels calculated from the capacitances for each
electrode must lie on a line with slope 0. If this is not the
case, then the cause therefor is an accretion on the probe unit,
when the deviation is in the case of the inner electrode, or
resonance effects form the cause, when the deviation occurs iﬁ:
the case of measuring with the outer electrodes. In an
empbodiment, consequently, used for the measurements is that
electrode, with whose capacitance the minimal fill level can be
calculated, wherein the deviations usually have a positive sign.

With the probe unit of some embodiments of the invention, thus,

also 1n the case of
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ﬁ

supplying the individual electrodes and the evaluation of the

measurement signals, for example, an accretion can be detected.

An embodiment provides, that the exciter signal is an

alternating voltage.

An embodiment includes, that the electronics unit is embodied

1n such a manner, that the electronics unit produces the

exclter signal 1n each case with the same frequency or with

different frequencies.

In an embodiment, the exciter signal is placed on the inner

electrode (rod)‘or on an outer electrode (pipe), and the other

electrode, or 1n the case, that there are more than two outer
electrodes, the other electrodes, is/are, in each case, allowed
to float, i.e. it/they is/are connected with no electrical

F

potentlial. Depending on operation of the electrodes, thus,

different insulation thicknesses result between electrode and

medium. In such case, accretion insensitivity improves with

declining insulation thickness. Simultaneously, the

opportunity for linear measuring with long probe units
decreases. Therefore, 1t 1s possible to switch, depending on

application, which electrode is supplied with the exciter

signal for measuring. In an embodiment, this depends on the

length of the probe. In an additional embodiment, the

H F
e

thicknesses of the insulation layers are different between

1nner electrode and outer electrodes, or between the individual
outer electrodes. In an embodiment, the exciter signal in each
measuring 1s applied sequentially to the individual electrodes

(on the inner or one of the outers) and the respective

measurement signals are registered separately from one another.

In this way, quasi, from measuring to measuring, the insulation

thickness between the supplied and, thus, for the measuring,
4
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active electrode and the medium is reduced.

Between each

measuring, from electrode to electrode, there is usually a

known offset, which depends on geometry. If

the offset changes

F

between the 1ndividual measurements 1in the case of constant

O layer thicknesses, then one can deduce therewith the presence

F

of accretion. Through a pass through of the

individual outer electrodes, furthermore, in

measuring at the

an adjusting

phase, 1t can be ascertained, which is the optimum insulation

thickness for the present application (length of the probe) and

10 then measuring is conducted correspondingly.

ﬁ

According to one aspect of the present invention, there is

provided apparatus for one or both of determining and

monltoring at least one process variable of a medium in a

container, comprising: at least one probe unit suitable to be

15 located in said. container; and at least one electronics unit,

which supplies the probe unit with an electrical exciter signal

and which receives from the probe unit an electrical

measurement signal, wherein: the probe unit has at least one

1nner electrode and at least one outer electrode surrounding

20 the inner electrode; said inner electrode and said outer

electrode are all suppliable with said exciter signal and said

F
—

measurement signal 1s receivable from all of

sald i1nner

electrode and said outer electrode; said electronics unit is

empbodied 1n such a manner that, depending on application, it

25 supplies said inner electrode or said outer electrode with the

exclter signal; and the measurement signal is tapped from the

electrode supplied with the exciter signal.

According to another aspect of the present invention, there is

F

provided apparatus for one or both of determining and

30 monitoring at least one process variable of

5

a medium 1n a
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container, comprising: at least one probe unit suitable to be

located 1n said container; and at least one electronics unit,

which supplies the probe unit with an electrical exciter signal
and which receives from the probe unit an electrical
measurement signal, wherein: the probe unit has at least one
1nner electrode and at least one outer electrode surrounding

the 1nner electrode; the inner electrode and the outer

electrode are all suppliable with the exciter signal and the

measurement signal 1s receivable from all of said inner
electrode and said outer electrode; the electronics unit is
embodied in such a manner that the electronics unit supplies
the inner electrode or the outer electrode in a predeterminable

sequence with the exciter signal; and the measurement signal is

tapped from the electrode supplied with the exciter signal.

*

According to still another aspect of the present invention,

there 1s provided apparatus for one or both of determining and

F

monlitoring at least one process variable of a medium in a

container, comprising: at least one probe unit suitable to be

located 1n said container; and at least one electronics unit,

which supplies the probe unit with an electrical exciter signal

and which receives from the probe unit an electrical
measurement signal, wherein: the probe unit has at least one
inner electrode and ate least two outer electrodes surrounding
the i1nner electrode; the inner electrode and the outer
electrode are all suppliable with the exciter signal and the

ﬁ

measurement signal 1s receivable from all of the inner

electrode and the outer electrode; the electronics unit 1is
embodied 1n such a manner that the electronics unit supplies
the 1nner electrode and the outer electrodes alternately with

the exciter signal; and the measurement signal is tapped from

the electrode supplied with the exciter signal.
oa
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BRIEF DESCRIPTION OF THE DRAWINGS

The i1nvention will now be explained in greater detail on the

pbasis of the appended drawing, the figures of which show as

follows:

Fig. 1 a schematic drawing of an application of a measuring

device of one embodiment of the invention; and

"

Fig. 2 a section through a probe unit of one embodiment of the

invention.

DETAILED DESCRIPTION OF THE INVENTION

L]

Fig. 1 shows, in principle, the measuring method with the

measuring device of one embodiment of the invention for

measuring the process variable, fill level. The medium 1,
which is, for example, a liquild or a bulk good, 1s located 1in
the container 2. Also located in the container 1s the probe
unit 3, whilch 1s connected electrically with the electronics
unit 4. The probe unit 3 is supplied by the electronics unit 4

with the exciter signal, which 1s an electrical, alternating

voltage signal. The probe unit 3 and the wall of the container
2 form with the medium 1 as dielectric a capacitor. This 1s '

for the case, in which the container 2 is an electrically

conductive container. In an alternative embodiment (not

shown), a second probe unit is provided as second electrode.

From the measurement signal tapped from the probe unit 3, the

capacitance of this capacitor can be ascertained. Its

capacitance 1is, in such case, dependent on the fill level of

the medium 1 as dielectric.

ob



10

15

20

CA 02672794 2013-04-10

75089-100

The measurement signal is, first, an electrical current signal,
which, in most cases, is converted by a resistor into a voltage

signal.

Depending on the character and conductivity of the medium 1, a
jacketing unit is provided, which, on occasion, is composed, at
least partially, of Teflon polytetrafluoroethylene. This
serves to protect the probe unit 3 from the medium 1, or
prevents an electrical short circuit between the probe unit 3

and the wall of the container 2, or the second.electrodé (not

shown). In this case of the jacketing unit, the medium 1s not
the dielectric of the measuring capacitor but, 1instead, the‘
insulation is. The fill level is ascertalned via the
capacitance of the part of the probe insulation tapped with the
conductive medium. The jacketing unit is, thus, the insulation

of the electrodes in the probe unit 3 relative to the medium 1.

Fig. 2 shows a section through an embodiment of a probe unit of

the invention 3. The probe unit of the invention 3 1ncludes a
rod—shaped, inner electrode 5 and four, tubular, outer
electrodes 6. The inner electrode 5 1s, 1n such caée,
surrounded coaxially by the four, outer electrodes 6. All

electrodes 5, 6 are cast in a jacketing unit 7. This jacketing

unit 7 is, in such case, electrically non-conductive, 1.e. 1t

5C
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acts between the inner electrode 5 and the outer electrodes 6
and between the outer electrodes 6 and the medium as an
insulating layer. The outer electrodes 6 have, 1n the
11lustrated version, equal wall thicknesses. In additional
embodiments, the individual wall thicknesses and the non-
conductive sections between 1nner electrode 5 and the, from the
inner electrode 5 outwards, first, outer electrode 6, or between
the outer electrodes 6 among themselves, can differ. Depending
on the embodiment of the electronics unit 4, or the program
stored 1n the electronics unit 4, the inner electrode 5 and the

F

outer electrodes 6 are supplied with different exciter signals

in different sequences. The exclter signal i1s, 1in such case, an
electrical, alternating voltage. Depending on embodiment, 1in
such case, the frequency of the excliter signal, as sent to the

probe unit 3, 1is constant, or i1t varies, e.g. 1n continuous or

F ﬁ

discrete steps, or 1t 1s a superpositioning of a plurality of
freguencies.

The probe unit of the invention 3 enables, thus, through its

gr—

construction, a change of the 1nsulation thickness between the
electrode active for the measuring and the medium.
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List o:

medlum

container

probe unit
electronics unit
inner electrode
outer electrode
Jacketing unit

Re

ference Characters
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CLAIMS:

1. Apparatus for one or both of determining and

monlitoring at least one process variable of a medium 1in a

contalner, comprilising:

at least one probe unit suitable to be located in

sald contalner; and

at least one electronics unit, which supplies the
probe unit with an electrical exciter signal and which receives

from the probe unit an electrical measurement signal, wherein:

the probe unit has at least one 1nner electrode and

at least one outer electrode surrounding the inner electrode;

sald 1nner electrode and said outer electrode are all

suppliable with said exciter signal and said measurement signal

1S recelvable from all of said inner electrode and said outer

electrode;

sald electronics unit is embodied in such a manner

that, depending on application, it supplies said inner

electrode or said outer electrode with the exciter signal; and

the measurement signal 1s tapped from the electrode

supplied with the exciter signal.

2. . Apparatus as claimed in claim 1, wherein, the inner
electrode and the outer electrode are insulated electrically

relative to one another and relative to the medium.

3. Apparatus as claimed 1n claim 1 or-2, wherein, the

inner electrode 1s embodied to be rod shaped or cable shaped.
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4. Apparatus as claimed in any one of claims 1 to 3,
wherein, the outer electrode 1s embodied, at least sectionally,

to be tubular.

5. - Apparatus as claimed in claim 1 or 2, whereiln, the
probe unit has at least two outer electrodes, and the outer

electrodes have equal wall thickness.

6. - Apparatus as claimed in any one of claims 1 to 4,
wherein, the outer electrode is embodied in such a manner, that

the outer electrode coaxially surrounds the 1nner electrode.

7. Apparatﬁs for one or both of determining and

monitoring at least one process variable of a medium in a

container, comprising:

at least one probe unit suiltable to be located 1in

salid container; and

at least one electronics unit, which supplies the
probe unit with an electrical exciter signal and which receives

from the probe unit an electrical measurement signal, wherein:

the probe unit has at least one inner electrode and

at least one outer electrode surrounding the inner electrode;

the inner electrode and the outer electrode are agll
suppliable with the exciter signal and the measurement signal

1s receivable from all of said inner electrode and said outer

electrode;

the electronics unit is embodied in such a manner

that the electronics unit supplies the inner electrode or the
outer electrode 1n a predeterminable sequence with the exciter

signal; and
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the measurement signal 1is tapped from the electrode

supplied with the exciter signal.

8 . Apparatus for one or both of determining and
monitoring at least one process variable of a medium in a

5 container, comprising:

at least one probe unit suitable to be located in

sald container; and

at least one electronics unit, which supplies the

probe unit with an electrical exciter signal and which receives

10 from the probe unit an electrical measurement signal, wherein:

the probe unit has at least one inner electrode and

ate least two outer electrodes surrounding the i1nner electrode;

the inner electrode and the outer electrode are all
suppliable with the exciter signal and the measurement signal
15 1s receivable from all of the inner electrode and the outer

electrode;

the electronlics unit is embodied in such a manner

that the electronics unit supplies the inner electrode and the

outer electrodes alternately with the exciter signal; and

20 the measurement signal is tapped from the electrode

supplied with the exciter signal.

9. - Apparatus as claimed in claim 8, wherein, the
electronics unit is embodied in such a manner, that the

electronics unit receives and evaluates the measurement signals

25 associated with the individual supplyings of the inner

electrode and the outer electrodes with the exciter signal.

10
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10. Apparatus as claimed in claim 1 or 2, wherein, the

exciter signal 1s an alternating voltage.

11
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