
WO 2009/048457PCT/US2007/080722 A FLOW DEVICE AND METHOD FOR
OPERATING A FLOW DEVICE FIELD OF THE INVENTION 5The present invention
relates to vibrating flow devices that are able to determine one or
more flowing characteristics of a substance within a vibrating
conduit. BACKGROUND OF THE INVENTION Vibrating flow devices, such as,
for example, densitometers or Coriolis flow 10 meters, are available
in various sizes and flow capacities. Densitometers typically have
one or more conduits of straight, U-shaped, or an irregular
configuration which are vibrated transversely by a drive at a
resonance frequency for purposes of determining the density of a
substance within the densitometer. The particular resonance frequency
at which the one or more conduits vibrates is partially determined by
the density of the 15substance within the one or more vibrating
conduits. Accordingly, as the density of the substance within the one
or more vibrating conduits changes, the frequency at which resonance
occurs will change. Therefore, using well known time-tested
principals, the particular frequency at which resonance occurs may be
used to compute the density of the substance within the one or more
conduits. 20Densitometers include one or more electronics that
transmit a sinusoidal drive signal to a drive, which is typically a
magnet/coil combination with the magnet typically being affixed to
the flow tube and the coil being affixed to a supporting structure or
to another flow tube. The drive signal causes the drive to vibrate
the one or more conduits at the resonance frequency. For example, the
drive signal may be a periodic electrical  25 current transmitted to
the coil. A pick-off detects the frequency of vibration of the one or
more conduits and generates a sinusoidal pick-off signal
representative of the motion of the flow tube, including the
frequency of vibration of the flow tube. The sinusoidal pick-off
signal is transmitted to the one or more electronics and used by the
one or more electronics to determine the frequency at which the one
or more conduits vibrate. If the 30 one or more conduits are
vibrating at the resonance frequency, the electronics may use the
pick-off signal to determine the density of the substance within the
tube. If the one or more conduits are vibrating at a non-resonance
frequency, the electronics may adjust  WO
2009/048457PCT/US2007/080722 the drive signal transmitted to the
drive so that the one or more conduits vibrate at the resonance
frequency.       Accordingly, using well known principals, vibrating
densitometers have been used for years to measure the density of
substances. Vibrating densitometers 



5constructed with a single drive and a single pick-off, however, have
in the past been incapable of detecting one or more flowing
characteristics of the substance within the conduit, such as, for
example, whether the substance within the one or more conduits is
flowing, the direction in which the substance is flowing, or the mass
flow rate of the substance. In particular, in certain applications it
may be desirable to determine whether 10the substance is flowing. In
order to detect the presence of flow, changes in the time shift
between the frequency of vibration induced by the driver and the
frequency of vibration detected by the pick-off may be used. Those
skilled in the art appreciate that the time shift equals the phase
difference between the frequency of vibration induced by the driver
and the frequency of vibration detected by the pick-off divided by
the 15 frequency of vibration induced by the driver and the frequency
of vibration detected by the pick-off.      Heretofore, in single
drive and single pick-off densitometer systems, however, the
frequency detected by the pick-off is phase-locked to the frequency
applied by the drive. Therefore, as flow occurs or changes, the time
shift between the frequency of 20 vibration applied by the drive and
frequency of vibration detected by the pick-off does not change as
flow occurs or changes. Accordingly, in the past, at least two
pick-offs have been required for the detection of the presence of
flow, detection of the direction of flow, and the determination of
the mass flow rate of the substance.           The present invention
is directed to overcoming this and other disadvantages 25inherent in
prior art densitometers. SUMMARY OF THE INVENTION      The scope of
the present invention is defined solely by the appended claims, and
is not affected to any degree by the statements within this summary.
30In one embodiment of the present invention, a flow device includes
at least one conduit, a pick-off, a drive, and one or more
electronics. The pick-off provides a pick-off signal for measuring
motion of the at least one conduit. The drive receives a first  WO
2009/048457PCT/US2007/080722 signal for vibrating the at least one
conduit at a resonance frequency and receives a second signal for
vibrating the at least one conduit at a frequency that is different
than the resonance frequency. The one or more electronics generate
the first and second signals, receive the pick-off signal from the
pick-off; and measure changes in the time 5shift between the second
signal frequency applied by the drive and the second signal 



frequency detected by the pick-off.       In another embodiment of
the present invention, a flow device includes at least one conduit, a
pick-off, a drive, and one or more electronics. The pick-off provides
a first pick-off signal for measuring motion of the at least one
conduit. The drive 10alternates between receiving a drive signal to
vibrate the at least one conduit at a resonance frequency and
providing a second pick-off signal for measuring motion of the at
least one conduit. The one or more electronics receive the first and
second pick-off signals from the pick-off and the drive and generate
the drive signal. In yet another embodiment of the present invention,
a flow device includes at 15least one conduit, a pick-off., a drive,
and one or more electronics. The pick-off provides a pick-off signal
for measuring motion of the at least one conduit. The drive receives
a drive signal to vibrate the at least one conduit at a resonance
frequency. The one or more electronics generate the drive signal,
determine a mode of vibration of the at least one conduit, and
compare the determined mode of vibration to one or more reference 20
modes of vibration to determine whether a substance is flowing in the
at least one conduit.       In still another embodiment of the
present invention, a method for operating a flow device includes the
steps of using a drive that receives a first signal for vibrating at
least one conduit at a resonance frequency and that receives a second
signal for 25 vibrating the at least one conduit at a frequency that
is different than the resonance frequency at least one conduit, using
a pick-off that provides a pick-off signal for measuring motion of
the at least one conduit, and using one or more electronics to
generate the first and second signals, receive the pick-off signal
from the pick-off and measure changes in the time shift between the
second signal frequency applied by the 30 drive and the second signal
frequency detected by the pick-off  WO 2009/048457PCT/US2007/080722
In yet a further embodiment of the present invention, a method for
operating a flow device includes the steps of using a drive that
alternates between receiving a drive signal to vibrate at least one
conduit at a resonance frequency and providing a second pick-off
signal for measuring motion of the at least one conduit, using a
pick-off that 5 provides a first pick-off signal for measuring motion
of the at least one conduit, and using one or more electronics that
receive the first and second pick-off signals from the pick-off and
the drive and generate the drive signal.       In still a further
embodiment of the present invention, a method for operating a flow
device includes the steps of using a drive that receives a drive
signal to vibrate at 



10 least one conduit at a resonance frequency, using a pick-off that
provides a pick-off signal for measuring motions of the at least one
conduit, and using one or more electronics that generate the drive
signal, determine a mode of vibration of the at least one conduit,
and compare the determined mode of vibration to one or more reference
modes of vibration to determine whether a substance is flowing in the
at least one 15conduit. ASPECTS  According to one aspect of the
present invention, a flow device comprises: at least one conduit; 20a
pick-off providing a pick-off signal for measuring motion of the at
least one conduit;       a drive that receives a first signal for
vibrating the at least one conduit at a resonance frequency and that
receives a second signal for vibrating the at least one conduit at a
frequency that is different than the resonance frequency; and 25one
or more electronics that generate the first and second signals,
receive the pick-off signal from the pick-off, and measure changes in
the time shift between the second signal frequency applied by the
drive and the second signal frequency detected by the pick-off.
Preferably, the one or more electronics measures changes in the time
shift to 30 determine whether a substance is flowing within the at
least one conduit. Preferably, the one or more electronics measures
changes in the time shift to determine a direction at which a
substance is flowing within the at least one conduit.  WO
20091048457PCT/US2007/080722 Preferably, the one or more electronics
measures changes in the time shift to determine the mass flow rate of
a substance flowing within the at least one conduit.
Preferably, the flow device further comprises another pick-off
wherein the one or more electronics measures changes in the time
shift to determine whether the pick-off 



5and the another pick-off are functioning properly. According to
another aspect of the present invention, a flow device comprises: at
least one conduit;       a pick-off providing a first pick-off signal
for measuring motion of the at least one conduit; 10a drive (140)
that alternates between receiving a drive signal (155) to vibrate the
at least one conduit (120) at a resonance frequency and providing a
second pick-off signal (145) for measuring motion of the at least one
conduit; and       one or more electronics that receive the first and
second pick-off signals from the pick-off and the drive and generate
the drive signal. 15Preferably, when the one or more electronics
measures changes in the time shift to determine whether a substance
is flowing within the at least one conduit.       Preferably, when
the one or more electronics measures changes in the time shift to
determine a direction at which a substance is flowing within the at
least one conduit. Preferably, when the one or more electronics
measures changes in the time shift 20 to determine the mass flow rate
of a substance flowing within the at least one conduit.
Preferably, the flow device further comprises another pick-off
wherein the one or more electronics measures changes in the time
shift to determine whether the pick-off and the another pick-off are
functioning properly. Preferably the flow device further comprises a
switch, wherein: 25when the switch is in a first configuration the
drive receives the drive signal and vibrates the at least one conduit
at the resonance frequency; and      when the switch is in a second
configuration the one or more electronics receive the second pick-off
signal from the drive pick-off.           Preferably, when the switch
is in the first position, the second pick-off signal is 30 not
received by the one or more electronics.      Preferably, when the
switch is in the second position, the drive signal is not received by
the drive. 



WO 2009/048457PCT/US2007/080722 According to another aspect of the
present invention, a flow device comprises: at least one conduit;
a pick-off providing a pick-off signal for measuring motions of the
at least one conduit; 5a drive that receives a drive signal to
vibrate the at least one conduit at a resonance frequency; and
one or more electronics that generate the drive signal, determine a
mode of vibration of the at least one conduit, and compare the
determined mode of vibration to one or more reference modes of
vibration to determine whether a substance is flowing in 10the at
least one conduit.       Preferably, the one or more electronics
measures changes in the time shift to determine whether a substance
is flowing within the at least one conduit.       According to
another aspect of the present invention, a method for operating a
flow device comprises the steps of: 15using a drive that receives a
first signal for vibrating at least one conduit at a resonance
frequency and that receives a second signal for vibrating the at
least one conduit at a frequency that is different than the resonance
frequency at least one conduit;       using a pick-off that provides
a pick-off signal for measuring motion of the at least one conduit;
and 20using one or more electronics to generate the first and second
signals, receive the pick-off signal from the pick-off, and measure
changes in the time shift between the second signal frequency applied
by the drive and the second signal frequency detected by the pick-off
Preferably, the one or more electronics measures changes in the time
shift to 25determine whether a substance is flowing within the at
least one conduit. Preferably, the one or more electronics measures
changes in the time shift to 



determine a direction at which a substance is flowing within the at
least one conduit. Preferably, the one or more electronics measures
changes in the time shift to determine the mass flow rate of a
substance flowing within the at least one conduit.  WO
2009/048457PCT/US2007/080722      Preferably, the method for
operating a flow device, further comprises the step of using another
pick-off, wherein the one or more electronics measures changes in the
time shift to determine whether the pick-off and the another pick-off
are functioning properly. 5According to another aspect of the present
invention, a method for operating a flow device comprises the steps
of:      using a drive that alternates between receiving a drive
signal to vibrate at least one conduit at a resonance frequency and
providing a second pick-off signal for measuring motion of the at
least one conduit; 10using a pick-off that provides a first pick-off
signal for measuring motion of the at least one conduit; and
using one or more electronics that receive the first and second
pick-off signals from the pick-off and the drive and generate the
drive signal. Preferably, the one or more electronics measures
changes in the time shift to 15determine whether a substance is
flowing within the at least one conduit.      Preferably, the one or
more electronics measures changes in the time shift to determine a
direction at which a substance is flowing within the at least one
conduit. Preferably, the one or more electronics measures changes in
the time shift to determine the mass flow rate of a substance flowing
within the at least one conduit. 20Preferably, the method for
operating a flow device further comprises the step of 



using another pick-off wherein the one or more electronics measures
changes in the time shift to determine whether the pick-off and the
another pick-off are functioning properly.            Preferably, the
method for operating a flow device further comprises the step of 25
using a switch, wherein:       when the switch is in a first
configuration the drive receives the drive signal and vibrates the at
least one conduit at the resonance frequency; and       when the
switch is in a second configuration the one or more electronics
receive the second pick-off signal from the drive pick-off.
30Preferably, when the switch is in the first position, the second
pick-off signal is not received by the one or more electronics.  WO
2009/048457PCT/US2007/080722      Preferably, when the switch is in
the second position, the drive signal is not received by the drive.
According to another aspect of the present invention, a method for
operating a flow device comprises the steps of: 5using a drive that
receives a drive signal to vibrate at least one conduit at a
resonance frequency;       using a pick-off that provides a pick-off
signal for measuring motions of the at least one conduit; and using
one or more electronics that generate the drive signal, determine a
mode of 10 vibration of the at least one conduit, and compare the
determined mode of vibration to one or more reference modes of
vibration to determine whether a substance is flowing in the at least
one conduit.       Preferably, the one or more electronics measures
changes in the time shift to determine whether a substance is flowing
within the at least one conduit. 15 



BRIEF DESCRIPTION OF THE DRAWINGS        Figure 1 depicts a
densitometer according to an embodiment of the present invention.
Figure 2 depicts a chart showing the time shift between a second
frequency 20 applied by a drive and detected by a pick-off as a
function of flow.       Figure 3 depicts a densitometer according to
an embodiment of the present invention showing a switch in a first
configuration.       Figure 4 depicts a densitometer according to an
embodiment of the present invention showing a switch in a second
configuration. 25 DETAILED DESCRIPTION OF THE INVENTION       FIG. 1
depicts a densitometer 10 according to an embodiment of the present
invention. As shown therein, the densitometer 10 is provided with
conduits 20, a pick-off 30, a drive 40, and one or more electronics
50. Ends 21,22 of the conduits 20 are 30connected to inlets 60 and
outlets 70, respectively.  WO 2009/048457PCT/US2007/080722       In
the present embodiment, the conduits 20 are provided with generally
straight shapes, however, the conduits 20 may be provided with other
shapes, such as U-shapes or irregular shapes. The conduits 20 define
cavities 23 for receiving a substance. The substance may comprise a
liquid, a gel, a slurry, a gas, and/or a solid. The substance is 5
normally introduced to the conduits 20 via the inlets 60, flows
through the cavities 23, and exits the conduits via the outlets 70.
Alternatively, in certain situations, the flow direction of the
substance may be reversed so that it is introduced into the conduits
20 via the outlets 70, flows through the cavities 23, and exits the
conduits via the inlets 60. The densitometer 10 measures the density
of a substance as it flows through the 10 cavity 23 of the conduits
20. As the substance is within the cavity 23, the one or more
electronics 50 sends a drive signal 55 to the drive 40, which
vibrates the conduits 20 at a resonance frequency. As this occurs,
the particular frequency at which resonance occurs varies according
to the density of the substance flowing within the cavity. The
pick-off 30 detects the frequency of vibration and and transmits a
pick-off signal 35 to the one or 15 more electronics 50. The one or
more electronics 50 uses this information to provide the appropriate
drive signal 55 to the drive 40 so that the conduits 20 vibrate at a
resonance frequency and also to measure the density of the substance
flowing in the conduits 20. The density of the substance within the
conduits 20 may be determined according to the following equation: 



20 D = Ko + K1 x -c + 1(2 x -c2 Where D is the density (kg/m3) 25 KO,
K1 and K2 are instalment calibration factors, and is instrument time
period (us).       While vibrating densitometers have been used
satisfactorily for years to measure the density of substances,
heretofore, vibrating densitometers with a single drive and a 30
single pick-off have been unable to detect the presence of flow.
Accordingly, in the embodiment depicted in FIG. 1, the one or more
electronics 50 are configured to apply two different signals 55, 56
to the drive 40. A first signal 55 corresponds to a drive signal and
is used by the drive 40 to vibrate the conduits 20 at a resonance
frequency. A  WO 20091048457PCT/US2007/080722 second signal 56 is
also transmitted to the drive 40. The second signal 56 causes the
drive 40 to vibrate the conduits 20 at a different frequency than the
resonance frequency. The frequencies of the first and second signals
55, 56 may be added together and applied by the drive 40 to the
conduits 20. 5The time shift between the frequency of the first
signal 55 applied by the drive 40 and the frequency of the first
signal 55 detected by the pick-off 30 is still locked, however, the
time shift between the frequency of the second signal 56 applied by
the drive 40 and the frequency of the second signal 56 detected by
the pick-off 30 varies according to the flow rate of the substance
within the conduits 20. In this manner, it is 10 possible to detect
the presence of flow, the direction of flow, and the mass flow rate
of the substance. In one example, the substance within the conduits
20 is water and the first signal 55 causes the drive 40 to vibrate
the conduits 20 at a resonant frequency. A second signal 56 that
causes the conduits 20 to vibrate at a frequency that is different
than the 15 resonant frequency was added to the first signal 55. The
time shift between the 



frequency of the second signal 56 applied by the drive 40 and the
frequency of the second signal 56 detected by the pick-off 30 is
shown as a function of flow on the chart depicted in FIG. 2. In FIG.
2, the lower curve is the actual mass flow rate of the water through
the 20 cavity 23 of the conduits 20. The upper curve shown in FIG. 2
is the detected flow rate produced as a function of the time shift of
the frequency induced transmission of the second signal 56 to the
drive 40. Accordingly, through transmission of a second signal 56 it
is possible to determine the presence of flow and the mass flow rate
as a function of the changes in the time shift. In FIG. 2, had the
flow of the water been in a reverse 25direction, the upper curve
would be inverted. Accordingly, in addition to detecting the presence
of flow and the mass flow rate, it is also possible to detect flow
direction using the device shown in FIG. 1.      FIGS. 3 and 4 depict
another embodiment of the present invention that allows for the
detection of the presence of flow, the direction of flow, and the
mass flow rate of a 30 substance. As shown therein, a densitometer
110 is provided with conduits 120, a pick-off 130, a drive 140, one
or more electronics 150 and a switch 160. Ends 121, 122 of the
conduits 20 are connected to an inlet 160 and an outlet 170,
respectively.  WO 2009/048457PCT/US2007/080722      In the embodiment
of FIGS. 3 and 4, the drive 140 functions as a drive pick-off.
According to one aspect of the present embodiment, the drive 140
vibrates the conduits 120 at a resonance frequency. According to
another aspect of the present embodiment the drive 140 detects the
frequency at which the conduits 120 vibrate. Advantageously, 5once
the conduits 120 are vibrating at a resonance frequency, they will
continue vibrating at this frequency for some time even in the
absence of the transmission of the drive signal 155 to the drive 140.
Accordingly, in the present embodiment, the drive 140 may alternate
between functioning as a drive and functioning as a pick-off. As
shown in FIGS. 3 and 4, the densitometer 110 includes a switch 160.
When 10the switch 160 is in a first configuration 161, shown in FIG.
3, the drive signal 155 is transmitted from the one or more
electronics 150 to the drive 140. When the switch is in a second
configuration 162, shown in FIG. 4, a pick-off signal 145 is
transmitted from the drive 140 to the one or more electronics 150.
Accordingly, as the conduits 120 are vibrating at a resonance
frequency, the one or more electronics 150 may receive a 15first
pick-off signal 135 from pick-off 130 and a second pick-off signal
145 from drive 



140. The one or more electronics 150 can then measure the time shift
between the frequency of the first pick-off signal 135 and the second
pick-off signal 145 to determine the presence of flow and the mass
flow rate. Although the embodiments shown in FIGS. 3 and 4 depict a
switch 160, which is 20configured so that the drive 140 alternates
between receiving a drive signal 155 to vibrate the at least one
conduit 120 at a resonance frequency and providing a second pick-off
signal 145 for measuring motion of the at least one conduit, it is
within the scope of the present invention to use alternative
arrangements. By way of example, and not limitation, in alternative
embodiments the one or more electronics 150 may be 25configured or
programmed to apply the drive signal 155 at intermittent intervals
such that the drive 140 may provide a second pick-off signal 145 when
the drive signal 155 is not applied thereto.       The densitometer
assemblies 10 and 110 in FIGS. 1, 3, and 4 as well as other
densitometers may also be used to determine mass flow through
determination of the 30 mode of vibration that occurs when the
conduits 20 or 120 are vibrating at a resonance frequency The modes
of vibration may be of a simple bending, twisting, torsional, or
coupled type. For example, the twist mode of vibration will occur
when the conduits 20  WO 2009/048457PCT/US2007/080722 or 120 vibrate
at a resonance frequency and when a substance is flowing in the
conduits 20 or 120. Accordingly, it is possible to determine the
presence of flow based on the mode of vibration of the conduits 20 or
120. For example, the pick-off 30 shown in FIG. 1 may provide a
pick-off signal 35 and allow the mode of vibration of the conduits 5
20 to be determined by the one or more electronics 50. Likewise, the
pick-off 130 and/or drive 140 shown in FIGS. 3 and 4 may provide the
first pick-off signal 35 and/or the second pick-off signal 45 and
allow the mode of vibration of the conduits 120 to be determined by
the one or more electronics 150. The determined modes of vibrations
may then be compared with one or more reference modes of vibration
determined under 10 known flow and/or non-flowing conditions. Since
the modes of vibration are differentiable between flowing and
non-flowing conditions, the presence of flow may be detected in this
manner. The present description depicts specific examples to teach
those skilled in the art how to make and use the best mode of the
invention. For the purpose of teaching 15 inventive principles, some
conventional aspects have been simplified or omitted. Those skilled
in the art will appreciate variations from these examples that fall
within the scope of the invention. 



The detailed descriptions of the above embodiments are not exhaustive
descriptions of all embodiments contemplated by the inventors to be
within the scope of 20the invention. Indeed, persons skilled in the
art will recognize that certain elements of the above-described
embodiments may variously be combined or eliminated to create further
embodiments, and such further embodiments fall within the scope and
teachings of the invention. By way of example, and not limitation,
those of ordinary skill in the art will appreciate that it is within
the scope of the present invention for the densitometer 25assemblies
10 and 110 to be provided with a single conduit 20 or 120.
Furthermore, by way of example, and not limitation, those of ordinary
skill in the art will appreciate that it is within the scope of the
present invention for the densitometer assemblies 10 and 110 to be
provided with more than one pick-off 30 or 130 and more than one
drive 40 or 140. For example, the principals of the present invention
can be used in other flow 30devices, such as a Coriolis flow meter,
including the Coriolis flow meter 5 described in U.S. Patent No.
6,782,325, the disclosure of which is hereby incorporated herein by
reference, having at least two pick-offs and at least one drive for
purposes of  WO 2009/048457PCT/US2007/080722 determining whether the
two pick-offs are functioning appropriately. For example, the
information generated from the two pick-offs can be compared with the
information generated according to principals of the present
invention for purposes of determining whether one or both of the
pick-offs are functioning properly. Furthermore, those of 5ordinary
skill in the art will appreciate that the pick-off and/or drive can
measure motions of the at least one conduit other than the frequency
of vibration of the at least one conduit. For example, the pick-off
and/or drive can be used to determine a mode of vibration or relative
motion between different points along the conduits 20. It will also
be apparent to those of ordinary skill in the art that the
above-described embodiments 10 may be combined in whole or in part to
create additional embodiments within the scope and teachings of the
invention.       Thus, although specific embodiments of, and examples
for, the invention are described herein for illustrative purposes,
various equivalent modifications are possible within the scope of the
invention, as those skilled in the relevant art will recognize. The
15 teachings provided herein may be applied to other embodiments than
those described above and shown in the accompanying figures.
Accordingly, the scope of the invention is determined from the
following claims. 



WE CLAIM:    1. A flow device, comprising: at least one conduit (20);
a pick-off (30) providing a pick-off signal (35) for measuring motion
of the at 5least one conduit (20);      a drive (40) that receives a
first signal (55) for vibrating the at least one conduit (20) at a
resonance frequency and that receives a second signal (56) for
vibrating the at least one conduit at a frequency that is different
than the resonance frequency; and one or more electronics (50) that
generate the first and second signals (55, 56), 10 receive the
pick-off signal (35) from the pick-off (30), and measure changes in a
time shift between the second signal (56) frequency applied by the
drive (40) and the second signal (56) frequency detected by the
pick-off (30).    2. The flow device according to claim 1, wherein
the one or more electronics (50) 15 measures changes in the lime
shift to determine whether a substance is flowing within the at least
one conduit.    3. The flow device according to claim 1, wherein the
one or more electronics (50) measures changes in the time shift to
determine a direction at which a substance is 20 flowing within the
at least one conduit.  4. The flow device according to claim 1,
wherein the one or more electronics (50) measures changes in the lime
shift to determine the mass flow rate of a substance flowing within
the at least one conduit. 25  5. The flow device according to claim
1, further comprising another pick-off (30) wherein the one or more
electronics measures changes in the time shift to determine whether
the pick-off (30) and the another pick-off (30) are functioning
properly.      6. A method for operating a flow device, comprising
steps of: 



using a drive (40) that receives a first signal (55) for vibrating at
least one conduit (20) at a resonance frequency and that receives a
second signal (56) for vibrating the at least one conduit at a
frequency that is different than the resonance 5 frequency at least
one conduit (20);      using a pick-off (30) that provides a pick-off
signal (35) for measuring motion of the at least one conduit (20);
and using one or more electronics (50) to generate the first and
second signals (55, 56), receive the pick-off signal (35) from the
pick-off (30), and measure changes in 10 a time shift between the
second signal (56) frequency applied by the drive (40) and the second
signal (56) frequency detected by the pick-off (30).    7. The method
for operating a flow device according to claim 6, wherein the one or
more electronics (50) measures changes in the time shift to determine
whether a 15substance is flowing within the at least one conduit.  8.
The method for operating a flow device according to claim 6, wherein
the one or more electronics (50) measures changes in the time shift
to determine a direction at which a substance is flowing within the
at least one conduit. 20  9. The method for operating a flow device
according to claim 6, wherein the one or more electronics (50)
measures changes in the time shift to determine the mass flow rate of
a substance flowing within the at least one conduit. 25 10.The method
for operating a flow device according to claim 6, further comprising
a step of using another pick-off (30), wherein the one or more
electronics measures changes in the time shift to determine whether
the pick-off (30) and the another pick-off (30) are functioning
properly. 


