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METHOD FOR OPERATING A
MAGNETIC/INDUCTIVE FLOW METER
AND SUCH A FLOW METER

[0001] The invention relates to a method for operating a
magnetic-inductive flow meter for measuring the flow rate
or the volumetric flow of a medium in a measuring tube, and
to such a flow meter.

[0002] Magnetic-inductive flow meters have been used for
a long time for flow measurement. The principle of mag-
netic-inductive flow measurement is based upon the induc-
tion of a flow-dependent electrical voltage in a conductive
medium flowing through a measuring tube by a magnetic
field, which magnetic field is oriented perpendicular to the
flow direction. The magnetic field is usually generated by a
coil system having one or more coils. The flow-dependent
voltage is tapped from at least two measuring electrodes and
evaluated by a measuring device. The flow of the medium
through the pipeline can thus be determined from the
measured voltage and the known magnetic field. Magnetic
fields of alternating polarity are usually applied to the
medium in order to minimize fault effects, which, irrespec-
tive of the presence of a magnetic field, lead to a measurable
voltage between the measuring electrodes, and thus falsify a
flow measurement. The document DE10312058A1
describes such a flow meter. Another possibility for detect-
ing fault effects is to configure idle phases without a mag-
netic field between phases with a magnetic field and to
measure the fault effects. This is proposed in the document
U.S. Pat. No. 4,597,295A. A disadvantage with both reac-
tions is the fact that, after changing to a magnetic field with
inverted polarity or when there is a switch between a phase
with magnetic field and a rest phase with a flow measure-
ment or a measurement of the fault effects, it is necessary to
wait until the flow meter reaches a steady state. Thus,
valuable time is lost, which is then unavailable for flow rate
measurement. The aim of the invention is therefore to
propose a method for operating a magnetic-inductive flow
meter and such a flow meter by which the time loss is
minimized.

[0003] The aim is achieved by a method according to
independent claim 1, and by a magnetic-inductive flow
meter according to independent claim 18.

[0004] In a method according to the invention for operat-
ing a magnetic-inductive flow meter for measuring the flow
rate or the volumetric flow of a medium in a measuring tube,

[0005] which magnetic-inductive flow meter comprises:
[0006] a measuring tube for guiding the medium;
[0007] a magnet system with at least one coil system for

generating a magnetic field in the medium, wherein the
magnetic field is substantially perpendicular to a measuring
tube axis, wherein the magnetic field is caused by applying
an electric coil voltage to the coil system;

[0008] at least one pair of measuring electrodes, arranged
in the measuring tube, for detecting an electrode voltage,
induced by the magnetic field, in the medium, wherein the
electrode voltage is substantially proportional to the flow
rate and to the field strength of the magnetic field, wherein
the electrode voltage is caused by a charge carrier separation
caused by the flow of the medium through the magnetic
field;

[0009] a measuring/operating circuit for operating the
magnet system and evaluating the electrode voltage;
[0010] during a feed phase, the magnetic field is generated
and the electrode voltage is detected, wherein the feed phase
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has a measuring phase, in which measuring phase the
magnetic field is substantially constant, wherein a measured
value of the electrode voltage is used during the measuring
phase to calculate the flow rate of the medium;

[0011] wherein a magnetic field of reversed polarity is
generated during a subsequent feed phase,

[0012] wherein, in a first method step, when a feed phase
change is selected between a previous feed phase and a
subsequent feed phase, a rest phase is configured, in which
rest phase no electrical coil voltage, at least to some extent,
is applied to the coil system;

[0013] wherein, in a second method step, the electrode
voltage is detected during the rest phase;

[0014] wherein the switching of the magnetic field
between different phases causes the generation of an elec-
trical voltage pulse in the medium, wherein each phase can
be a feed phase or a rest phase,

[0015] wherein, in a third method step, information from
a voltage pulse of the rest phase is used to determine a fault
of the electrode voltage during a feed phase by a voltage
pulse during the feed phase.

[0016] In particular, a rest phase does not have to be
configured for each feed phase change; for example, a rest
phase can be configured at every nth feed phase change,
wherein n is a positive natural number. An irregular
sequence of rest phases can also be configured, wherein the
irregularity is based, for example, upon a randomized algo-
rithm.

[0017] The magnet system can also have, in addition to the
at least one coil system, a field feedback loop for guiding the
magnetic field outside of the measuring tube. Furthermore,
the magnet system can have at least one pole shoe, which is
configured to conduct the magnetic field between coil sys-
tem and measuring tube. The at least one coil system can in
each case have a coil core.

[0018] The electrode voltage is generated by a deflection
of charge carriers caused by the flow of the medium through
the measuring tube via the magnetic field, wherein the
deflection direction depends upon the polarity of the charge
carriers. This results in a separation of positively-charged
charge carriers from negatively-charged ones and, thus, an
electrical voltage.

[0019] In one embodiment of the method, after the fault is
determined, the characteristic of the electrode voltage during
the feed phase preceding the rest phase and/or the feed phase
following the rest phase is corrected as a function of the
fault.

[0020] In one embodiment of the method, an averaged
fault is calculated by averaging the determined faults of at
least two rest phases, wherein the value of the electrode
voltage or the measured value of the electrode voltage of a
feed phase is corrected after calculation of the averaged
fault.

[0021] In one embodiment of the method, the electrode
voltage is sampled at least twice during the feed phase or
during the rest phase, and, in particular, at least twenty times
and, preferably, at least fifty times.

[0022] In one embodiment of the method, a correction of
the fault includes subtracting a characteristic of a voltage
pulse of a rest phase from a characteristic of the electrode
voltage during a feed phase.

[0023] In one embodiment of the method, a correction of
the fault includes a fitting of the characteristic of a voltage
pulse of at least one rest phase,
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[0024] wherein the fitting function gives information
about time point and amplitude of a voltage pulse maximum
and/or characteristic of the amplitude drop of the voltage
pulse and/or time point a final state is reached and/or gives
properties of the final state and/or a pulse width of the
voltage pulse,

[0025] wherein the fault is determined on the basis of the
fit parameters obtained by the fits or on the basis of fitting
function parameters,

[0026] wherein the final state is a state of a steady-state
measuring system, wherein the measuring system comprises
the magnet system and the medium in the region of the
magnetic field, as well as the measuring electrodes with
leads to the measuring/operating circuit.

[0027] The fitting function can be selected from a purely
mathematical viewpoint. However, it is also possible to use
physical or technical conditions in the selection of the fitting
function and/or when parameters of the fitting function are
limited.

[0028] In one embodiment of the method, the fit resorts to
a function having a global extreme, at least in a first time
interval.

[0029] In one embodiment of the method, the fit resorts to
a monotonically-falling function, e.g., a power function, at
least in a second time interval.

[0030] In one embodiment of the method, the fitting
functions or fitting function parameters are selected by
means of a look-up table.

[0031] In one embodiment of the method, a measured
value of a first impedance of a circuit comprising the
measuring electrodes and feed lines of the measuring elec-
trodes to the measuring/operating circuit and the medium
and/or a second impedance of the medium is used during
fitting or during selection of the fitting function.

[0032] In one embodiment of the method, the measure-
ment value of the first impedance is determined by means of
the measuring electrodes, and/or wherein the measured
value of the second impedance is determined by means of an
impedance probe, wherein the impedance probe belongs, for
example, to the magnetic-inductive flow meter. However,
the impedance probe can also be an external probe, the
measured value of which is transmitted via an interface of
the measuring/operating circuit.

[0033] In one embodiment of the method, at least device-
type and/or an exemplary-type and/or an application-spe-
cific parameter is used in the fitting or in the selection of the
fitting function.

[0034] In one embodiment of the method, n is selectable,
wherein a selection criterion is a flow or flow change of the
medium.

[0035] In one embodiment of the method, the magnitudes
of the magnetic fields of the measuring phases of adjacent
feed phases differ by less than 1% and, in particular, less
than 0.1% from each other.

[0036] In one embodiment of the method, the rest phases
underlying the calculation of the averaged fault precede the
first feed phase.

[0037] In one embodiment of the method, the rest phases
underlying the calculation of the averaged fault precede the
first feed phase at least to some extent, wherein the calcu-
lation of the rest phases underlying the calculation of the
averaged fault follow the first feed phase, at least to some
extent.
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[0038] In one embodiment of the method, a difference in
corrected measured values of the electrode voltage or a
difference in corrected electrode voltages of the measuring
phases of two consecutive feed phases or a measuring phase
and a rest phase preceding or following the measuring phase
is used to determine a flow measurement value.

[0039] A magnetic-inductive flow meter according to the
invention for measuring the flow rate or the volumetric flow
of a medium in a measuring tube comprises:

[0040] a measuring tube, which is configured to conduct
the medium;
[0041] a magnet system having at least one coil system,

which magnet system is configured to generate a magnetic
field in the medium, the magnetic field being substantially
perpendicular to a measuring tube axis;

[0042] at least one pair of measuring electrodes arranged
in the measuring tube, which electrodes are configured to
detect a voltage, induced by the magnetic field, in the
medium, which voltage is substantially proportional to the
flow rate and the field strength of the magnetic field;
[0043] a measuring/operating circuit that is configured to
implement the method according to the invention, to operate
the magnet system, and to evaluate the voltage detected by
the pair of measuring electrodes.

[0044] In one embodiment, the flow meter has an imped-
ance probe for detecting the impedance of the medium.
[0045] In one embodiment of the flow meter, the measur-
ing/operating circuit has an interface for transmitting or
accepting information relating to an externally-determined
impedance of the medium.

[0046] In one embodiment, the magnet system comprises
at least one field feedback loop which is designed to at least
partially conduct the magnetic field outside the measuring
tube between the measuring tube side opposite the coil
system and the coil system.

[0047] The invention will now be described with reference
to exemplary embodiments.

[0048] FIG. 1 sketches a schematic method sequence for
operating a magnetic-inductive flow meter according to the
invention.

[0049] FIG. 2 sketches, by way of example, a detail of
characteristics of magnetic fields and electrode voltages.
[0050] FIG. 3 shows, by way of example, a cross-section
through a magnetic-inductive flow meter according to the
invention.

[0051] FIG. 1 sketches a sequence of a method 100
according to the invention for operating a magnetic-induc-
tive flow meter (1). As described in FIG. 3, such a flow meter
comprises:

[0052] a measuring tube (10) for guiding the medium;
[0053] a magnet system (20) having at least one coil
system (21) for generating a magnetic field in the medium,
wherein the magnetic field is substantially perpendicular to
a measuring tube axis, wherein the magnetic field is caused
by applying an electric voltage to the coil system;

[0054] at least one pair of measuring electrodes (31, 32),
arranged in the measuring tube, for detecting an electrode
voltage, induced by the magnetic field, in the medium, the
electrode voltage being substantially proportional to the flow
rate and the field strength of the magnetic field;

[0055] and a measuring/operating circuit for implement-
ing the method of the invention.

[0056] During the operation of the flow meter, during a
feed phase, the magnetic field is generated and the electrode
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voltage is detected, wherein the feed phase has a measuring
phase, in which measuring phase the magnetic field is
substantially constant, wherein a measured value of the
electrode voltage is used during the measuring phase to
calculate the flow rate of the medium.

[0057] A magnetic field of reversed polarity is generated
during a subsequent feed phase.

[0058] In a first method step 101 according to the inven-
tion, if a feed phase change is selected between a preceding
feed phase and a subsequent feed phase, a rest phase is
configured, in which rest phase no electrical coil voltage, at
least to some extent, is applied to the coil system.

[0059] In particular, a rest phase does not have to be
configured for each feed phase change; for example, a rest
phase can be configured at every nth feed phase change,
wherein n is a positive natural number. An irregular
sequence of rest phases can also be configured, wherein the
irregularity is based, for example, upon a randomized algo-
rithm. In a filling process, it may be advantageous to
configure rest phases only in sections, wherein it is possible,
in an initial phase and in an end phase of the filling process,
due to strong changes in the flow rate, to dispense with rest
phases, and wherein, in an intermediate phase of the filling
process, rest phases are configured. An irregular sequence of
rest phases attenuates aliasing effects.

[0060] In a second method step 102 according to the
invention, the electrode voltage is detected during the rest
phase.

[0061] Switching between different phases causes the gen-
eration of an electrical voltage pulse in the medium, which
phases are feed phases or rest phases.

[0062] In a third method step 103 according to the inven-
tion, a fault of the electrode voltage in a feed phase is
calculated on the basis of information from a voltage pulse
during the rest phase.

[0063] FIG. 2 sketches an exemplary and schematic detail
of characteristics of magnetic fields and electrode voltages
over a time t over several phases, wherein an upper curve M
shows the characteristic of magnetic fields during phases 1
through 7, and wherein a lower curve E shows the charac-
teristic of electrode voltages during phases 1 through 7. The
characteristic of the magnetic fields or electrode voltages
during a single phase is characterized by a transient condi-
tion in a final state at the beginning of the phase and by
remaining in the final state after termination of the transient
condition, wherein the transient recovery time of the mag-
netic fields is shorter than the transient recovery time of the
electrode voltages. A final state is reached as soon as a
transient condition can no longer be detected by measure-
ment technology. The electrode voltages during the final
states are flow-dependent. This is due to the fact that the
electrode voltages react to the magnetic fields, wherein these
reactions then also cause barrier effects at the mediuny/
measuring electrode interfaces, which have a transient
recovery time that is a function of the conductivity of the
medium, which is frequently longer than the transient recov-
ery time of the magnetic fields. The value of the electrode
voltage during the final state is given by the current flow rate
of the medium. During a feed phase (see phases 1, 3, 5, 6,
and 7), the magnetic system applies a magnetic field to the
medium at least in sections, wherein the magnetic field is
generated by driving a coil system with a coil current.
During a rest phase (see phases 2 and 4), a coil voltage is
switched off, so that the magnetic field drops to zero. The

Dec. 19, 2019

value of the electrode voltage during a final state of a rest
phase provides information about influences on the electrode
voltage, which are not attributable to a static magnetic field
during the feed phase.

[0064] For measuring a flow, an electrode voltage or a
measured value of an electrode voltage is used at least
during a final state of a feed phase or during a rest phase.
More specifically, to measure the flow rate, a difference in
measured values of the electrode voltage or a difference in
electrode voltages of two consecutive feed phases or a feed
phase and a rest phase preceding or following the feed phase
is used to determine a flow measurement value.

[0065] The electrode voltage after a switching operation of
the magnet system depends not only on the dynamics of the
magnet system, but also on the dynamic behavior of the
barriers. The dynamics of the electrode voltage are influ-
enced by the magnetic field and the change in the magnetic
field during phase change, and by the effect of the barrier at
the measuring electrode/medium interface. With switching,
the electrode voltage exhibits a voltage pulse which decays
to a substantially constant voltage state, wherein the decay
results, inter alia, from a decay of the voltage across the
barrier, wherein the voltage pulse represents a fault of the
electrode voltage as a result of the change in the magnetic
field and the charge of a barrier capacitance. The polarity of
a voltage pulse depends upon the polarity of the change in
the magnetic field with phase change, so that, when there are
two successive phase changes with a magnetic field change
of the same polarity, a voltage pulse of the same polarity
occurs in each case, which voltage pulses represent a pulse
pair PP. This is illustrated in the phase changes from phase
1 to phase 2 and during the change from phase 2 to phase 3,
and also during the phase changes from phase 3 to phase 4
and during the change from phase 4 to phase 5.

[0066] Inmethods for operating a magnetic-inductive flow
meter according to the prior art, once an electrode voltage or
a measured value of an electrode voltage for calculating a
flow is detected, there is a wait until the transient condition
of the electrode voltage has occurred, from which it follows
that the transient phase is useless for a flow measurement.
[0067] By determining the voltage characteristic of the
electrode voltage during a rest phase, the fault of the
electrode voltage during a feed phase can be corrected by a
voltage pulse, because the voltage pulse during a rest phase
exhibits the essence of the fault. The correction of the
electrode voltage during the feed phase allows the electrode
voltage to be used during the transient phase of the electrode
voltage for a flow measurement, so that either a duration of
a feed phase can be shortened or the proportion of a feed
phase which can be used to measure the flow rate can be
increased. Both variants enable an improvement in the
signal-to-noise ratio of the flow measurement. Usually, the
electrode voltage is scanned several times during a feed
phase or during a rest phase. In a simple variant of the
correction, a characteristic of the electrode voltage during a
rest phase of a characteristic of the electrode voltage during
a feed phase is subtracted. In order to better detect the
characteristic of the electrode voltage during a rest phase, an
averaging of characteristics of the electrode voltage of
several rest phases can, in one embodiment of the method,
be performed, in order to correct the characteristic of the
electrode voltage during a feed phase. In one embodiment of
the method, the characteristic of the electrode voltage can be
filtered during a rest phase, wherein the correction of the
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characteristic of the electrode voltage during a feed phase is
based upon the fit parameters determined by the fit. For
instance, a function characteristic characterized by the fit
parameters is thereby subtracted from the characteristic of
an electrode voltage during a feed phase. It is also possible
to average fits or fit parameters of characteristics of the
electrode voltage of several rest phases. For example, a
function used for fitting the characteristic of the electrode
voltage during a rest phase can be searched from a look-up
table, in which look-up table at least one device-type and/or
at least one exemplary-type and/or at least one application-
specific parameter are stored, which parameters are linked to
suitable fitting functions and/or fitting function parameters.
[0068] The fitting may also incorporate a measured value
of a first impedance and a second impedance, wherein the
first impedance is the impedance of a circuit comprising the
measuring electrodes as well as the medium, and wherein
the second impedance is an impedance of the medium.
[0069] After subtraction of the functional characteristic
from the characteristic of the electrode voltage during a feed
phase, the characteristic of the electrode voltage during the
feed phase has, in the case of a substantially constant flow,
a longer region with substantially constant voltage, which
region can be used for a flow measurement. In the case of
rapid changes in the flow during the feed phase, the elec-
trode voltage can also increase or decrease in the steady
state.

[0070] The sequence of phases outlined in FIG. 2 is
exemplary. The separation of two feed phases by a rest phase
can, for example, only take place after several feed phase
changes without a rest phase. Since the voltage pulses
generated when switching from one feed phase to a next feed
phase have, to a good approximation, a double amplitude
compared to voltage pulses which are caused when switch-
ing between a feed phase and a rest phase, it is necessary to
incorporate, for example, a factor of 2 in a correction of
characteristics of the electrode voltage after a change from
a feed phase to a feed phase. In the case of saturation effects,
the factor may also deviate from 2 because of nonlinear
effects and be ascertained or estimated using physical
boundary conditions.

[0071] The characteristics of the individual magnetic
fields are exemplary. In particular, an overvoltage can be
applied to the coil system at the onset of a phase, so that the
magnetic field more quickly achieves a desired state. In this
case, an actual magnetic field profile may deviate from the
characteristics shown in FIG. 2.

[0072] FIG. 3 shows a cross-section through a magnetic-
inductive flow meter 1 according to the invention having a
measuring tube 10; a magnet system 20 with coil systems 21
and 22 each having a coil core 27, pole shoes 25 and 26; and
measuring electrodes 31 and 32 for detecting a voltage
induced in the medium. The magnet system applies a
magnetic field, which is aligned in the direction of arrow 23,
to the medium in the measuring tube 10. The magnetic field
and the flow of the medium through the measuring tube
ensure that an electrode voltage is generated in the direction
of'arrow 33. The magnetic-inductive flow meter may further
include a field return loop 40 and/or an impedance probe 60.
The measuring electrodes 31, 32, as well as the coil system
21, 22, as well as the impedance probe, are connected to a
measuring/operating circuit 50, which measuring/operating
circuit 50 is configured to operate the coil system, the
measuring electrodes, and, possibly, the impedance probe.
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The impedance probe is configured to detect the impedance
of'the medium. Alternatively or in addition to the impedance
probe 60, the measuring/operating circuit 50 can have an
interface S for communication or acceptance of information
regarding an externally-determined impedance of the
medium.

LIST OF REFERENCE CHARACTERS

[0073] 1 Flow meter

[0074] 10 Measuring tube

[0075] 20 Magnet system

[0076] 21, 22 Coil system

[0077] 23 Direction of the magnetic field
[0078] 25, 26 Pole shoe

[0079] 27 Coil core

[0080] 31, 32 Measuring electrode

[0081] 33 Direction of electrode voltage

[0082] 34 Lead

[0083] 40 Field feedback loop

[0084] 50 Measuring/operating circuit

[0085] 60 Impedance probe

[0086] 100 Method for operating a measuring device
[0087] 101 First method step

[0088] 102 Second method step

[0089] 103 Third method step

[0090] M Characteristic of the magnetic fields
[0091] E Characteristic of the electrode voltages
[0092] S Interface

1-20. (canceled)

21. A method for operating a magnetic-inductive flow
meter for measuring a flow rate or a volumetric flow of a
medium flowing in a measuring tube, the method compris-
ing:

providing a magnetic-inductive flow meter comprising:

a measuring tube adapted for guiding the medium and
having a measuring tube axis;

a magnet system including a coil system configured to
generate a magnetic field in the medium, wherein the
magnetic field is generated by applying an electric
coil voltage to the coil system, and wherein the
magnetic field is substantially perpendicular to the
measuring tube axis;

a pair of measuring electrodes disposed in the measur-
ing tube and configured to detect an electrode volt-
age induced by the magnetic field in the medium, the
electrode voltage being substantially proportional to
a flow rate of the medium flowing in a measuring
tube and to the field strength of the magnetic field;
and

a measuring/operating circuit configured to operate the
magnet system and to operate upon the electrode
voltage;

defining a feed phase during which the magnetic field is

generated and the electrode voltage is detected,

wherein the feed phase includes a measuring phase
during which the magnetic field is substantially con-
stant and a measured value of the electrode voltage
detected, wherein the measured value of the electrode
voltage is used to calculate the flow rate of the medium;

reversing the polarity of the generated magnetic field
during a subsequent feed phase;

switching the feed phase between a previous feed phase

and a subsequent feed phase;
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when selected, configuring a rest phase between the
previous feed phase and the subsequent feed phase,
wherein during the rest phase no electrical coil voltage,
at least to some extent, is applied to the coil system and
the electrode voltage is detected, wherein switching
between either feed or rest phases generates a voltage
pulse in the medium; and

determining a fault of the electrode voltage in the feed

phase based on information from a voltage pulse of the
rest phase.

22. The method of claim 21, wherein the electrode voltage
is detected at least twice during the feed phase or during the
rest phase.

23. The method of claim 21, further comprising, after
determining the fault, correcting a characteristic of the
electrode voltage during the feed phase preceding the rest
phase, and/or the feed phase following the rest phase, as a
function of the fault.

24. The method of claim 21, further comprising:

calculating an averaged fault by averaging the determined

faults of at least two rest phases; and

correcting a characteristic of the electrode voltage of the

feed phase as a function of the averaged fault.

25. The method of claim 23 or 24, wherein correction of
the characteristic of the electrode voltage includes subtract-
ing a characteristic of the voltage pulse of the rest phase
from a characteristic of the electrode voltage during the feed
phase.

26. The method of claim 23 or 24, wherein:

correction of the characteristic of the electrode voltage

includes fitting a characteristic of a voltage pulse of at
least one rest phase with a fitting function, thereby
generating a fit;

the fitting includes information about a time point and

amplitude of a voltage pulse maximum and/or a char-
acteristic of an amplitude drop of the voltage pulse
and/or a time point that a final state is reached and/or
properties of the final state and/or a pulse width of the
voltage pulse;

the fault is determined based on fit parameters of the fit;

and

the final state is a state of a steady-state measurement

system.

27. The method of claim 26, wherein the fit, at least in a
first time interval, resorts to a function with a global
extreme.

28. The method of claim 26, wherein the fit, at least in a
second time interval, resorts to a monotonically-falling
function.

29. The method of claim 26, wherein the fitting function
or parameters of the fitting function are selected from a
look-up table.

30. The method of claim 26, wherein a measured value of
a first impedance of a circuit, which includes the measuring
electrodes, feed lines of the measuring electrodes to the
measuring/operating circuit and the medium, and/or of a
second impedance of the medium, is used in the fitting or the
selection of the fitting function.

31. The method of claim 30, wherein the measured value
of the first impedance is determined using the measuring
electrodes, and/or wherein the measured value of the second
impedance is determined using an impedance probe.

32. The method of claim 26, wherein at least one device-
type and/or at least one exemplary-type and/or at least one
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application-specific parameter is used in the fitting or in the
selection of the fitting function.
33. The method of claim 21, wherein the rest phase can be
configured at every nth feed phase change, wherein n is
selectable, and wherein a selection criterion for n is a flow
rate or a change in the flow rate of the medium.
34. The method of claim 21, wherein magnitudes of the
magnetic fields of the measuring phases of adjacent feed
phases differ by less than 1% from each other.
35. The method of claim 24, wherein the rest phases
underlying the calculation of the averaged fault precede a
first feed phase.
36. The method of claim 24, wherein the rest phases
underlying the calculation of the averaged fault precede the
feed phase at least to some extent, wherein the rest phases
underlying the calculation of the averaged fault follow the
feed phase at least to some extent.
37. The method of claim 21, wherein a difference in
corrected measured values of the electrode voltage or a
difference in corrected electrode voltages of the measuring
phases of two consecutive feed phases, or a measuring phase
and a rest phase preceding or following the measuring phase,
is used to determine a flow measurement value.
38. A magnetic-inductive flow measuring device for mea-
suring a flow rate or a volumetric flow of a medium flowing
in a measuring tube, the device comprising:
a measuring tube configured to conduct the medium;
a magnet system, including at least one coil system,
configured to generate a magnetic field in the medium,
the magnetic field being substantially perpendicular to
a measuring tube axis;
at least one pair of measuring electrodes disposed in the
measuring tube, which electrodes are configured to
detect a voltage, induced by the magnetic field, in the
medium, which voltage is substantially proportional to
the flow rate and the field strength of the magnetic field;
a measuring/operating circuit configured to:
define a feed phase during which the magnetic field is
generated and the electrode voltage is detected,
wherein the feed phase includes a measuring phase
during which the magnetic field is substantially
constant and a measured value of the electrode
voltage detected, wherein the measured value of the
electrode voltage is used to calculate the flow rate of
the medium;

reverse the polarity of the generated magnetic field
during a subsequent feed phase;

switch the feed phase between a previous feed phase
and a subsequent feed phase;

when selected, configuring a rest phase between the
previous feed phase and the subsequent feed phase,
wherein during the rest phase no electrical coil
voltage, at least to some extent, is applied to the coil
system and the electrode voltage is detected, wherein
switching between either feed or rest phases gener-
ates a voltage pulse in the medium; and

determine a fault of the electrode voltage in the feed
phase based on information from a voltage pulse of
the rest phase.

39. The device of claim 38, further comprising an imped-
ance probe configured to detect an impedance of the
medium, wherein the measuring/operating circuit is further
configured to operate the impedance probe.
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40. The device of claim 38, wherein the measuring/
operating circuit includes an interface adapted for commu-
nication or acceptance of information regarding an exter-
nally-determined impedance of the medium.
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