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(57) Abréegée/Abstract:

A method for operating a measuring instrument is capable of performing multiple diagnostic functions. For this, a process control is
provided for the execution of the diagnostic functions in a manner whereby the normal measuring operation of the measuring
Instrument Is Interrupted, a first diagnostic function Is performed during that interruption, the normal measuring operation Is
resumed after completion of the first diagnostic function, the normal measuring operation Is again interrupted, and during that later
Interruption of the normal measuring operation a second diagnostic function Is performed. In this fashion, even numerous
diagnostic functions can be easily and efficiently Iintegrated into the operation of a measuring mstrument such as a
magnetoinductive flowmeter.
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ABSTRACT OF THE DISCLOSURE

A method for operating a measuring instrument 1s capable of performing multiple
diagnostic functions. For this, a process control i1s provided for the execution of the diag-
nostic functions in a manner whereby the normal measuring operation of the measuring
instrument is interrupted, a first diagnostic function is performed during that interruption,
the normal measuring operation is resumed after completion of the first diagnostic func-
tion, the normal measuring operation 1s again interrupted, and during that later interrup-
tion of the normal measuring operation a second diagnostic function is performed. In this
fashion, even numerous diagnostic functions can be easily and efficiently integrated into

the operation of a measuring instrument such as a magnetoinductive flowmeter.
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METHOD FOR OPERATING A MEASURING INSTRUMENT

[0001] This invention relates to a method for operating a measuring instrument,

which measuring instrument is capable of performing multiple diagnostic functions.

BACKGROUND OF THE INVENTION

[0002] Measuring instruments capable of different diagnostic functions, for in-
stance magnetoinductive measuring devices, have been known 1n prior art. These self-
diagnostic functions are intended to monitor the operation of the measuring instrument
concerned, thus improving its dependability. Among these diagnostic functions are those
that do not affect the measuring operation, and others that would interfere with the nor-
mal measuring operation and can therefore be activated only while the measuring opera-

tion is turned off.

SUMMARY OF THE INVENTION

[0003] It is the objective of this invention to introduce a method for operating a
measuring instrument whereby the diagnostic functions discussed can be carried out in
simple and effective fashion.

[0004] The above-mentioned method for operating a measuring instrument
achieves this objective in that the process of the measuring operation is controlled in a
manner as to allow for the interpolation of the diagnostic functions, whereby the normal
measuring operation is interrupted, a first diagnostic function 1s carried out during that
interruption of the normal measuring operation, the normal measuring operation 1s re-
sumed after the first diagnostic function has been completed, the normal measuring op-
eration is interrupted again and during that interruption of the normal measuring opera-

tion a second diagnostic function 1s carried out.

[0005] Thus, as the substance of this invention, the process of the operation of the
measuring instrument is controlled to permit diagnostic functions to be performed, in that
the normal measuring operation is interrupted and various discrete diagnostic functions

are carried out sequentially during these interruptions. A suitably designed process con-
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trol according to this invention will prevent different diagnostic functions from affecting
or interfering with one another and from having any significant impact on the normal
measuring operation.

[0006] Specifically, in one preferred embodiment of the invention, the normal
measuring operation can be resumed after completion of the second diagnostic function,
the normal measuring operation of the measuring instrument is then interrupted again,
and during that interruption, the first or a third diagnostic function is performed. This
means that the various diagnostic functions can be repeated after different time segments,
thus in essence allowing any given number of diagnostic functions to be integrated into
the process control according to this invention.

[0007] Repeat performance of diagnostic functions can be selected in essentially
arbitrary fashion, and, specifically, no periodic sequence 1s required. On the other hand, 1f
periodic repetition of the diagnostic functions is desired, it is possible to repeat all diag-
nostic functions at the same frequency. In a preferred implementation of the invention,
however, the individual diagnostic functions are repeated periodically at different fre-
quencies, which allows particularly important diagnostic functions to be repeated more
often. To that effect, the repeat frequency of the diagnostic functions may be preset. Al-
ternatively, the repeat frequency of the diagnostic functions may be selectable by the user
of the measuring instrument.

[0008] In principle, the duration of the interruption of the normal measuring op-
eration may be the same for all diagnostic functions. In a preferred variation of the inven-
tion, however, the duration of the interruption of the normal measuring operation 1s con-
trolled according to the type of diagnostic function to be performed. Hence, the interrup-
tions of the normal measuring operation do not have to be of equal length for all diagnos-
tic functions; instead, in the case, for instance, of rapid diagnostic checks, only a very
short interruption of the normal measuring operation is necessary. Specifically, in a pre-
ferred embodiment of the invention, the duration of the interruption of the normal meas-
uring operation is controlled within a range from 10 to 200 msec. Also, 1n a preferred
variation of the invention, the intervals between two interruptions of the normal measur-

ing operation are controlled within a range from 1 to 100 sec
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[0009] During the interruption of the normal measuring operation, the output of
measured values may be deactivated. In a preferred embodiment of the invention, how-
ever, the system permits the output, during an interruption of the normal measuring op-
eration, of the measured value last acquired. As an alternative, in another preferred varia-
tion of the invention, it is possible during the interruption of the normal measuring opera-
tion for an auxiliary measuring operation to take place for the acquisition and output of a
less precise measured value.

[0010] As an example for such an auxiliary measuring operation, less power may
be available for the actual measuring operation, thus yielding a weaker signal with a cor-
respondingly degraded signal-to-noise ratio. Then, too, the measured value acquired dur-
ing the auxiliary measuring operation may be affected by the parallel diagnostic function
that takes place at the same time.

[0011] In this connection, a preferred embodiment of the invention provides for
the activation of an auxiliary measuring operation during an interruption of the normal
measuring operation to be controlled according to the type of diagnostic function to be
performed. This variation of the method takes into account that, due to their interaction
with components of the measuring instrument, some diagnostic functions do not permit
any measuring operation, including any auxiliary measuring operation. But for diagnostic
functions that do permit some form of concurrent measuring operation, the total absence
of any backup measuring operation during the interruptions of the normal measuring op-
eration can be avoided by the selective activation of an auxiliary measuring operation.

[0012] The results of the individual diagnostic functions, 1.e. the values deter-
mined by them, may be read out as they are obtained. In a preferred variation of the in-
vention, however, the results of the individual diagnostic functions are averaged over
time. Thus, only short interruptions of the normal measuring operation are needed while
the diagnostic values determined are more accurate. In this context, diagnostic functions
that require multiple averaging may be repeated more often than others.

[0013] Finally, in a preferred embodiment of the invention, the entire process con-
trol sequence is repeated periodically. It is also possible to deactivate the process control

as a whole, meaning all diagnostic functions, or to deactivate only specific individual di-
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agnostic functions. This can be accomplished by the user, typically on the measuring in-
strument itself, or electronically by a control system via a control input.

[0014) One preferred version of the invention provides for the specific use of the
method described above in magnetoinductive flowmeters. Magnetoinductive flowmeters
have been well established 1n prior art. They typically incorporate a measuring tube
through which flows a fluid medium, two measuring electrodes positioned along a con-
necting line that extends in an essentially perpendicular direction relative to the axis of
the measuring tube, and two field coils that generate a magnetic field that extends in a
direction essentially perpendicular to the axis of the measuring tube and perpendicular to
the connecting line between the measuring electrodes. The flow rate of the fluid medium
through the measuring tube is determined by collecting a voltage at one or both of the
measuring electrodes and relating it to a reference potential.

[0015] The principle of magnetoinductive flow measurements is based on electro-
dynamic induction: Faraday’s law of induction holds that in a flowing medium containing
charge carriers and traveling through a magnetic field, an electric field intensity is gener-
ated in a direction perpendicular to the flow vector and to the magnetic field. Within the
magnetic field, each volume element of the flowing medium moving through the mag-
netic field and containing a certain number of charge carriers contributes the field inten-
sity generated in that volume element to a measuring voltage that can be collected via the
measuring electrodes.

[0016] Typically, in the routine flow-measuring operation of a magnetoinductive
flowmeter, the magnetic field 1s periodically polarity-reversed. That has been accom-
plished employing different approaches, one being the use of an alternating field or a
switched constant field. Also possible is the use of a pulsating constant field which is
maintained in that the field coils of the magnet are intermittently fed a constant-polarity
square-wave current. A preferred method, however, involves the periodic polarity rever-
sal of the field current since such polarity changes of the magnetic field help to suppress
interference variables such as electrochemical noise.

[0017] Magnetoinductive flowmeters are susceptible to numerous types of inter-
ference factors that can negatively affect a dependable measuring operation. To mention

only one example, substances precipitating from the flowing medium onto the electrodes
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that are in electrically conductive contact with the medium can lead to fouled electrodes,
thus compromising the accuracy of the measured results.

[0018] In a magnetoinductive flowmeter of this type, the diagnostic functions re-
ferred to above, if subjected to a process control according to this invention, may include,
for example, the following: an electrode impedance measurement by applying a test cur-
rent on the electrodes of the magnetoinductive flowmeter, a linearity test by a specific
change of the field current, the addition of a known test signal to the regular electrode
signal for monitoring the preamplification and/or A/D conversion, and the generation of a
heterogeneous magnetic field. It should be noted that a heterogeneous magnetic field can
be generated, for instance, by means of mutually opposite field coils through which flows
current in opposing directions.

[0019] When in a preferred embodiment the process control according to this in-
vention is used in a magnetoinductive flowmeter, the specific timing can be set in a
manner where the interval between two interruptions of the normal measuring operation
of the magnetoinductive flowmeter is so controlled that said interval corresponds to a
multiple value of the half cycle of the magnetic field.

[0020] There are numerous ways in which the method according to this invention
can be configured and implemented. In that context, attention is invited to the dependent

claims as well as to the following description of a preferred embodiment of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] In the drawings:

Fig. 1 is a schematic representation of the process control feature in a preferred

embodiment of the invention, and
Fig. 2 is a schematic representation of a magnetoinductive flowmeter that is oper-

ated under process control according to a preferred embodiment of the invention.

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0022] Fig. 1 is a schematic illustration of the control of the normal measuring
operation M as well as the control of four different diagnostic functions D;, D,, D3 and

D4. The normal measuring operation is interrupted at uniform intervals and the individual
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diagnostic functions are sequentially performed during these interruptions of the normal
measuring operation. In the example shown, all of the diagnostic functions are repeated at
the same frequency and each interruption of the normal measuring operation accommo-
dating the individual diagnostic functions is of equal length. As has been explained fur-
ther above, however, this i1s not imperative and both the repeat frequencies of the individ-
ual diagnostic functions and the respective duration times of the interruptions in the nor-
mal measuring operation for accommodating the individual diagnostic functions may
vary according to specific requirements.

[0023] The periodic interruption of the normal measuring operation corresponds
to the periodic repetition 1.e. resumption of the normal measuring operation at a prede-
fined frequency f. That frequency f 1s matched by the cycle duration or period T'= 1/f,

which period T is substantially longer in the case of this example than the respective du-

ration At of the interruption of the measuring operation for performing a diagnostic func-

tion. Specifically, in the preferred embodiment of the invention here described, the period

T for the normal measuring operation 1s between 1 and 200 sec while the duration At of

the interruption of the normal measuring operation accommodating the execution of a
diagnostic function is merely 10 to 200 msec. It follows that the conditions illustrated in
Fig. 1 do not represent the timing conditions actually selected.

[0024] Fig. 2 1s a schematic illustration of a magnetoinductive flowmeter operat-
ing under process control according to a preferred embodiment of the invention. The
magnetoinductive flowmeter comprises a measuring tube 1 through which flows the elec-
trically conductive medium, not illustrated. Two field coils 2, 3 generate a magnetic field
that extends in a direction essentially perpendicular to the flow direction of the medium
through tube 1. Two measuring electrodes 4, 5, so positioned that their connecting line
extends in a direction essentially perpendicular to the flow direction and to the magnetic
field orientation, serve to collect the induced voltage. Also provided is a grounded refer-
ence electrode 6.

[0025] In the case of the magnetoinductive flowmeter illustrated in Fig. 2, two di-
agnostic functions have been implemented, these being the feeding of a test current to the

electrodes 4, 5 and a lineanty check through the selective change of the field current
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flowing through the field coils 2, 3. To that end, a power-supply and measuring unit 7
permits feeding the measuring electrodes 4, 5 with an alternating current in comparison
with a reference potential as well as measuring the impedance of the measuring elec-
trodes 4, 5 to which the alternating current was supplied. For simplicity’s sake, this is
shown for the right-hand measuring electrode 5 only.

[0026] In addition, there 1s a field-coil power supply 8 that feeds a predefined
field current to the field coils 2, 3. Increasing the field current by a preselected factor also
augments the magnetic field by that same factor which, in turn, can be expected to in-
crease the induced voltage by a corresponding factor. In this fashion it is possible, with
the aid of the field-coil power supply 8 and the voltage induced via the power-supply and
measuring unit 7, to perform a hneanty check of the magnetoinductive flowmeter. In
connection with the use of a test current on the electrodes 4, 5 of the magnetoinductive
flowmeter and with the linearity test through the selective change of the field current of
the field coils 2, 3, explicit reference 1s made to the prior art, specifically DE 101 18 002
Al and DE 100 64 738 Al.

[0027]) The two diagnostic functions — test current and lineanty check, respec-
tively, are performed at the times during which the normal measuring operation of the
magnetoinductive flowmeter is interrupted. In the example described, the normal measur-
ing operation of the magnetoinductive flowmeter is interrupted at intervals that corre-
spond to a multiple of the half-cycle of the magnetic field. In this case, the test current is
applied and the linearity check performed 1n alternating fashion. The duration of each in-
terruption essentially corresponds to the length of time needed for carrying out the re-
spective diagnostic function, meaning that the diagnostic function is activated the mo-
ment the normal measuring operation 1s interrupted, and normal measuring operation 1s
resumed immediately upon completion of the diagnostic function.

[0028] In the preferred embodiment of the invention shown in Fig. 2, the process
control is assumed by a process-control and evaluation system 9. That system also re-
ceives the results of the diagnostic functions, enabling it to perform the time-based aver-
aging of these results before their output to an output device 10 such as a display or bus

interface. The diagnostic functions are thus integrated in simple and efficient fashion into
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the operation of the magnetoinductive flowmeter without sigmficantly affecting its nor-

mal measuring operation.

What is claimed is:
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CLAIMS:

1. A method for operating a measuring instrument, which measuring instrument 1s
capable of multiple diagnostic functions, wherein for carrying out these diagnostic functions,
a process control is applied 1n such fashion that the normal measuring operation of the
measuring instrument 1s interrupted, that during the interruption of the normal measuring
operation a first diagnostic function is performed, that upon completion of said first diagnostic
function the normal measuring operation 1s resumed, that the normal measuring operation 1s
then interrupted again, that during such interruption of the normal measuring operation a
second diagnostic function is performed, and wherein during an interruption of the normal
measuring operation, an auxiliary measuring operation takes place which acquires and outputs

a less precise measured value.

2. The method as in claim 1, wherein upon completion of the second diagnostic function,
the normal measuring operation is resumed, the normal measuring operation 1s then
interrupted again, and during such interruption of the normal measuring operation, the first

diagnostic function or a third diagnostic function is performed.

3. The method as in claim 1 or 2, wherein the individual diagnostic functions are

periodically repeated at various frequencies.

4 The method as 1n claim 1 or 2, wherein each case the duration of the interruption of
the normal measuring operation is controlled according to the type of diagnostic function

being performed.

5. The method as in claim 1 or 2, wherein the measured value output during an

interruption ot the normal measuring operation 1s the measured value last acquired.

0. The method as in claim 1 or 2, wherein the auxiliary measuring operation is controlled

according to the type of diagnostic function being performed.
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7. The method as in claim 1 or 2, wherein the results of the individual diagnostic

functions are averaged over time.

8. The method as in claim 1 or 2, wherein the entire process control sequence 1s
periodically repeated.
9. The method according to claim 1 or 2, wherein the measuring instrument 1s a

magnetoinductive tlowmeter.

10.  The method as in claim 9, wherein the diagnostic functions are selected from among a
eroup including an electrode impedance measurement in which a test current is applied to the
clectrodes of the magnetoinductive flowmeter, a linearity check via the selective change of
the field current, the addition of a known test signal to the normal electrode signal for
monitoring the preamplification and/or A/D conversion, and the generation of a

heterogeneous magnetic field.

11.  The method as in claim 10, wherein the time interval between two interruptions of the
normal measuring operation of the magnetoinductive flowmeter is controlled in such tashion

that said time interval corresponds to a multiple of the half-period of the magnetic field.

12. A measuring instrument comprising a process control system, the process control

system containing statements and instructions for execution by the process control system to

carry out the method of claim 1 or claim 2.

13. The measuring instrument of claim 12 wherein the measuring instrument 1s a

magnetoinductive flowmeter.
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