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A VIBRATING METER INCLUDING A DAMPED METER COMPONENT

TECHNICAL FIELD

The present invention relates to, vibrating meters, and more particularly, to a
vibrating meter component with a damping material applied to a surface of a meter

component.

BACKGROUND OF THE INVENTION

Vibrating meters such as, for example, densitometers, volumetric flow meters,
and Coriolis flow meters are used for measuring one or more characteristics of
substances, such as, for example, density, mass flow rate, volume flow rate, totalized
mass flow, temperature, and other information. Vibrating meters include one or more
conduits, which may have a variety of shapes, such as, for example, straight, U-shaped,
or irregular configurations.

The one or more conduits have a set of natural vibration modes, including, for
example, simple bending, torsional, radial, and coupled modes. The one or more
conduits are vibrated by at least one driver at a resonance frequency in one of these
modes, hereinafter referred to as the drive mode, for purposes of determining a
characteristic of the substance. One or more meter electronics transmit a sinusoidal
driver signal to the at least one driver, which is typically a magnet/coil combination,
with the magnet typically being affixed to the conduit and the coil being affixed to a
mounting structure or to another conduit. The driver signal causes the driver to vibrate
the one or more conduits at the drive frequency in the drive mode. For example, the
driver signal may be a periodic electrical current transmitted to the coil.

One or more pick-offs detect the motion of the conduit(s) and generate a pick-off
signal representative of the motion of the vibrating conduit(s). The pick-off is typically
a magnet/coil combination, with the magnet typically being affixed to one conduit and
the coil being affixed to a mounting structure or to another conduit. The pick-off signal
is transmitted to the one or more electronics; and according to well-known principles,
the pick-off signal may be used by the one or more electronics to determine a
characteristic of the substance or adjust the driver signal, if necessary.

Typically, in addition to the conduits, vibrating meters are also provided with one
or more meter components, such as a case, a base, flanges, etc. While essentially all of
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the additional meter components can create measurement problems due to various
vibrational characteristics, the vibrational characteristics of the case are typically most
prevalent and cause the most significant measurement problems. Therefore, although
the case is the focus of the discussion that follows, similar vibrational problems and
solutions are applicable to other meter components. The measurement problems caused
by various meter components is due to the difficulty in differentiating vibrations
associated with the conduits from vibrations associated with the meter component, such
as the case. This is because, similar to the conduits, the case also has one or more
natural modes of vibration, including for example, simple bending, torsional, radial, and
lateral modes. The particular frequency that induces a mode of vibration generally
depends on a number of factors such as the material used to form the case, the thickness
of the case, temperature, pressure, etc. Vibrational forces generated by the driver or
from other sources in the material processing system, such as pumps, may cause the
case to vibrate in one of the natural modes. It is difficult to generate an accurate
measurement of a characteristic of the substance in situations where the frequency used
to drive the one or more conduits in the drive mode corresponds to a frequency that
causes the case to vibrate in one of its natural modes of vibration. This is because the
vibrational mode of the case can interfere with the vibration of the conduits leading to
erroneous measurements.

There have been numerous prior art attempts to separate the frequencies that
induce the case’s vibrational mode from the conduits’ vibrational mode. These
frequencies may comprise the natural resonance frequencies of the various vibrational
modes of the case and the fluid filled conduits. For example, the case can be made
extremely stiff and/or massive in order to decrease the frequencies that induce the
various vibrational modes away from the anticipated drive mode of the conduits. Both
of these options have serious drawbacks. Increasing the mass and/or stiffness of the
case results in complex and difficult manufacturing, this adds cost and makes mounting
the vibrating meter difficult. One specific prior art approach to increasing the mass of
the case has been to weld metal weights to an existing case. This approach does not
adequately dissipate vibrational energy in order to reduce the case’s resonant

frequencies. Further, this approach is often costly and produces an unsightly case.
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Another prior art approach has been to modify the shape of the case. Such a
prior art attempt is described in PCT Publication WO/2009/078880, which is hereby
incorporated by reference. The ‘880 publication discloses a generally U-shaped case
that has an oval-shaped cross section. The oval-shaped cross section increases the
frequency required to induce the modes of vibration above the drive mode frequency.
Although the configuration shown in the ‘880 publication provides adequate results in
limited situations, the process is expensive and time consuming. Further, the solution is
not practical for existing vibrating meters. Rather, the ‘880 publication requires a
completely new case and does not address problems associated with existing cases.
Additionally, many meter cases require a specific shape and size as mandated by a
customer or the existing tube configuration, for example. Another problem with the
approach suggested in the ‘880 publication is that the frequency required to induce the
modes of vibration of the case is higher than the anticipated drive frequency. Therefore,
the frequency range available for the drive mode is severely limited.

The present invention overcomes these and other problems and an advance in the
art is achieved. The present invention provides a vibrating meter with damped meter
components. The resonant frequencies of the damped meter components are reduced
and separated away from the resonant frequencies of the conduits. Consequently, the
drive mode of the vibrating meter does not induce a mode of vibration in the damped

meter components.

SUMMARY OF THE INVENTION

A vibrating meter is provided according to an embodiment of the invention. The
vibrating meter includes one or more conduits including a vibrating portion and a non-
vibrating portion and a driver coupled to a conduit of the one or more conduits and
configured to vibrate the vibrating portion of the conduit at one or more drive
frequencies. According to an embodiment of the invention, the one or more pick-offs
coupled to a conduit of the one or more conduits and configured to detect a motion of
the vibrating portion of the conduit. The vibrating meter also includes one or more
meter components exclusive of the vibrating portion of the conduits, the driver, and the

pick-offs. A damping material is applied to at least a portion of a surface of a meter
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component of the one or more meter components that reduces one or more vibrational
resonant frequencies of the meter component below the one or more drive frequencies.

A method of forming a vibrating meter including one or more conduits including
a vibrating portion and a non-vibrating portion is provided according to an embodiment
of the invention. The method comprises steps of coupling a driver to a conduit of the
one or more conduits, the driver being configured to vibrate the vibrating portion of the
conduit at one or more drive frequencies and coupling one or more pick-offs to a
conduit of the one or more conduits, the one or more pick-offs being configured to
detect a motion of the vibrating portion of the conduit. According to an embodiment of
the invention, the method further comprises a step of providing one or more meter
components exclusive of the vibrating portion of the conduits, the driver, and the pick-
offs. According to an embodiment of the invention, the method further comprises a step
of applying a damping material to at least a portion of a surface of a meter component of
the one or more meter components that reduces one or more vibrational resonant

frequencies of the meter component below the one or more drive frequencies.

ASPECTS

According to an aspect of the invention, a vibrating meter comprises:

one or more conduits including a vibrating portion and a non-vibrating portion;

a driver coupled to a conduit of the one or more conduits and configured to
vibrate the vibrating portion of the conduit at one or more drive
frequencies;

one or more pick-offs coupled to a conduit of the one or more conduits and
configured to detect a motion of the vibrating portion of the conduit;

one or more meter components exclusive of the vibrating portion of the conduits,
the driver, and the pick-offs; and

a damping material applied to at least a portion of a surface of a meter
component of the one or more meter components that reduces one or
more vibrational resonant frequencies of the meter component below the
one or more drive frequencies.

Preferably, the meter component has a first thickness, T, and the damping

material has a second thickness, T, less than the first thickness, T;.
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Preferably, a meter component of the one or more meter components comprises a
case that substantially surrounds the one or more conduits, the driver, and the one or
more pick-offs.

Preferably, the vibrating meter further comprises a base coupled to the case and a
sealing member providing a substantially fluid-tight seal between the case and the base.

Preferably, the vibrating meter further comprises one or more detents formed in
the case and adapted to receive mechanical fasteners.

Preferably, a meter component of the one or more meter components comprises a
base coupled to the one or more conduits.

Preferably, another meter component of the one or more meter components
comprises a mounting block coupled to the base.

Preferably, a meter component of the one or more meter components comprises
the non-vibrating portion of the conduits.

According to another aspect of the invention, a method of forming a vibrating
meter including one or more conduits including a vibrating portion and a non-vibrating
portion comprises steps of:

coupling a driver to a conduit of the one or more conduits, the driver being

configured to vibrate the vibrating portion of the conduit at one or more
drive frequencies;

coupling one or more pick-offs to a conduit of the one or more conduits, the one

or more pick-offs being configured to detect a motion of the vibrating
portion of the conduit;

providing one or more meter components exclusive of the vibrating portion of

the conduits, the driver, and the pick-offs; and

applying a damping material to at least a portion of a surface of a meter

component of the one or more meter components that reduces one or
more vibrational resonant frequencies of the meter component below the
one or more drive frequencies.

Preferably, the meter component comprises a first thickness T, and wherein the
step of applying the damping material comprises applying the damping material with a

second thickness, T, less than the first thickness, T;.
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Preferably, a meter component of the one or more meter components comprises a
case and wherein the method further comprises a step of substantially surrounding the
one or more conduits, the driver, and the one or more pick-offs with the case.

Preferably, the method further comprises steps of coupling a base to the case and
positioning a substantially fluid-tight seal between the case and the base.

Preferably, the method further comprises a step of forming one or more detents
in the case that are adapted to receive mechanical fasteners.

Preferably, a meter component of the one or more meter components comprises a
base and wherein the method further comprises a step of coupling the base to the one or
more conduits.

Preferably, another meter component of the one or more meter components
comprises a mounting block and wherein the method further comprises a step of
coupling the mounting block to the base.

Preferably, a meter component of the one or more meter components comprises

the non-vibrating portion of the conduits.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a vibrating meter according to an embodiment of the invention.

FIG. 2 shows the vibrating meter including a case according to an embodiment of
the invention.

FIG. 3 shows a cross-sectional view of the vibrating meter with a damping
material applied to a surface of the case according to an embodiment of the invention.

FIG. 4 shows the vibrating meter according to another embodiment of the
invention.

FIG. 5 shows a cross-sectional view of the vibrating meter according to another

embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

FIGS. 1 — 5 and the following description depict 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 inventive principles, some conventional aspects have been simplified or

omitted. Those skilled in the art will appreciate variations from these examples that fall
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within the scope of the invention. Those skilled in the art will appreciate that the
features described below can be combined in various ways to form multiple variations
of the invention. As a result, the invention is not limited to the specific examples
described below, but only by the claims and their equivalents.

FIG. 1 shows a vibrating meter 5 in the form of a meter comprising a sensor
assembly 10 and one or more meter electronics 20. The vibrating meter 5 may comprise
a Coriolis flow meter, a volumetric flow meter, a densitometer, etc. The meter
electronics 20 is connected to the sensor assembly 10 via leads 100 to measure a
characteristic of a substance, such as, for example, a fluid density, mass flow rate,
volume flow rate, totalized mass flow, temperature, and other information over path 26.

The sensor assembly 10 of the present example includes a pair of flanges 101,
1017; manifolds 102, 102; a driver 104; pick-offs 105, 105’; and conduits 103A, 103B.
The driver 104 and pick-offs 105, 105” are coupled to conduits 103A and 103B. The
driver 104 is shown affixed to conduits 103A, 103B in a position where the driver 104
can vibrate a portion of the conduits 103A, 103B in a drive mode. It should be
appreciated that there may be another portion of the conduits 103A, 103B that does not
vibrate or vibrates undesirably (See FIG. 5). The pick-offs 105, 105 are affixed to
conduits 103A, 103B in order to detect motion of the conduits 103A, 103B. Therefore,
in vibrating meters, the vibration of the vibrating portion of the conduits 103A, 103B is
of interest. For purposes of the description that follows, components of the vibrating
meter 5 exclusive of the vibrating portion of the conduits 103A, 103B, driver 104, and
pick-offs 105, 105° can be grouped as meter components that may also vibrate
undesirably and interfere with the vibration of the conduits 103A, 103B.

It should be appreciated to those skilled in the art that it is within the scope of the
present invention to use the principles discussed herein in conjunction with any type of
vibrating meter, including vibrating meters that lack the measurement capabilities of a
Coriolis flow meter. Examples of such device vibrating densitometers, volumetric flow
meters, etc.

Flanges 101, 101” of the present example are coupled to manifolds 102, 102’.
Manifolds 102, 102’ of the present example are affixed to opposite ends of the spacer
106. The spacer 106 maintains the spacing between the manifolds 102, 102’ to prevent

undesired vibrations in conduits 103A, 103B. When the sensor assembly 10 is inserted
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into a pipeline system (not shown) which carries the substance, the substance enters
sensor assembly 10 through the flange 101, passes through the inlet manifold 102 where
the total amount of material is directed to enter the conduits 103A, 103B, flows through
the conduits 103A, 103B, and back into outlet manifold 102” where it exits the sensor
assembly 10 through the flange 101°.

According to an embodiment of the invention, the drive mode may be, for
example, the first out of phase bending mode and the conduits 103A and 103B may be
selected and appropriately mounted to the inlet manifold 102 and the outlet manifold
102° so as to have substantially the same mass distribution, moments of inertia, and
elastic modules about the bending axes X and X’, respectively. As shown, the conduits
103A, 103B extend outwardly from the manifolds 102, 102’ in an essentially parallel
fashion. Although the conduits 103A, 103B are shown provided with a generally U-
shape, it is within the scope of the present invention to provide the conduits 103A, 103B
with other shapes, such as, for example, straight or irregular shapes. Furthermore, it is
within the scope of the present invention to utilize modes other than the first out of
phase bending mode as the drive mode.

In the present example, where the drive mode comprises the first out of phase
bending mode, the vibrating portion of the conduits 103A, 103B may be driven by the
driver 104 at the resonance frequency of the first out of phase bending mode in opposite
directions about their respective bending axes X and X’. The driver 104 may comprise
one of many well-known arrangements, such as a magnet mounted to the conduit 103A
and an opposing coil mounted to the conduit 103B. An alternating current can be
passed through the opposing coil to cause both conduits 103A, 103B to oscillate. A
suitable drive signal can be applied by one or more meter electronics 20, via lead 110 to
the driver 104. It should be appreciated that while the discussion is directed towards
two conduits 103A, 103B, in other embodiments, only a single conduit may be
provided.

According to an embodiment of the invention, the one or more meter electronics
20 produces a drive signal and transmits it to the driver 104 via lead 110, which causes
the driver 104 to oscillate the vibrating portion of the conduits 103A, 103B. It is within
the scope of the present invention to produce multiple drive signals for multiple drivers.

One or more meter electronics 20 can process the left and right velocity signals from the
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pick-offs 105, 105° to compute a characteristic of a substance, such as, for example,
mass flow rate. The path 26 provides an input and an output means that allows the one
or more meter electronics 20 to interface with an operator as is generally known in the
art. An explanation of the circuitry of the one or more meter electronics 20 is not
needed to understand the present invention and is omitted for brevity of this description.
It should be appreciated that the description of FIG. 1 is provided merely as an example
of the operation of one possible vibrating meter and is not intended to limit the teaching
of the present invention.

FIG. 2 shows the vibrating meter 5 according to another embodiment of the
invention. According to the embodiment shown in FIG. 2, the vibrating meter 5
includes a case 200. The case 200 may be provided in two or more pieces and welded
or otherwise coupled once in place. The case 200 can be provided to enclose the
conduits 103A, 103B, the driver 104, and the pick-offs 105, 105°. As can be
appreciated, the case 200 can protect the conduits 103A, 103B, the driver 104, and the
pick-offs 105, 105” as is generally known in the art. The case 200 may provide an
explosion-proof barrier. According to an embodiment of the invention, the case 200
may include an explosion rupture point, which is designed to fail at a predetermined
pressure in order to safely exhaust the case in a specific direction.

While prior art cases are subject to vibrate in one or more vibrational modes due
to an overlap between the drive mode and a resonant frequency of the case, the case 200
of the present invention is damped such that the frequencies required to induce the
various modes of vibration of the case 200 are substantially reduced and separated away
from the drive mode frequency.

FIG. 3 shows a cross-sectional view of the vibrating meter 5 including the case
200 according to an embodiment of the invention. As shown in FIG. 3, the case 200 can
be coupled to the manifolds 102, 102" via plates 303, 304, respectively. Because the
manifolds 102, 102" are also coupled to the conduits 103A, 103B, vibrations of the case
200 can easily be experienced by the conduits 103A, 103B and interfere with the meter
measurements. The case 200 can be coupled to the plates 303, 304 according to known
methods including, for example, welding, brazing, bonding, adhesive, mechanical
fasteners, etc. The particular method used to couple the case 200 to the plates 303, 304

is not important for purposes of the present invention. Also shown in FIG. 3 are
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openings 305, 305” adapted to receive leads 100 from the driver 104 and pick-offs 105,
105’ that are connected to the meter electronics 20. Alternatively, openings for the
leads 100 may be formed directly in the case 200. The leads 100 are omitted from FIG.
3 in order to simplify the drawing.

As discussed briefly above, one problem with vibrations in meter components,
such as the case 200 is that the resonant frequency of the case 200 may be substantially
close to the resonant frequency of the fluid filled conduits 103A, 103B. Consequently,
the drive mode used to vibrate the vibrating portion of the conduits 103A, 103B may
induce a mode of vibration in one or more of the meter components, which may
interfere with the desired vibrations of the vibrating portion of the conduits 103A, 103B.
The vibrational interference caused by the case 200 is typically greater than the
interference caused by other meter components due to the relatively large surface area of
the case 200. The potential overlap is generally due to the fact that the conduits 103A,
103B and the case 200 are typically manufactured from similar materials. For example,
the conduits 103A, 103B are typically manufactured from a metallic material such as
titantum or stainless steel and the case 200 is typically manufactured from a similar
metallic material. Each vibrational mode of the case 200 is generated by a range of
frequencies. Further, as known in the art, the drive mode frequency of the conduits
103A, 103B can vary over time due to changes in the fluid temperature or density, for
example. Consequently, the drive mode may induce a mode of vibration in the case 200
at only certain fluid densities.

According to an embodiment of the invention, the potential overlap between the
drive mode frequency and a frequency that may induce a mode of vibration in a meter
component exclusive of the vibrating portion of the conduits 103A, 103B is
substantially reduced. The present invention can include a damping material 310
applied to at least a portion of a surface of the meter component. In the example shown
in FIG. 3, the damping material 310 is only applied to the case 200; however, it should
be appreciated, that the damping material 310 may be applied to other meter
components using similar techniques (See FIGS. 4 & 5 and accompanying discussion).
While the damping material 310 is shown applied to both the outer and inner surfaces of
the case 200, it should be appreciated that the damping material 310 may be applied to

only one of the surfaces of the case 200. Further, the damping material 310 may be
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applied to only a portion of a surface of the case 200. It should be appreciated that the
thickness of the damping material 310 is greatly exaggerated in the figures for clarity
and typically the damping material 310 will comprise a thin layer and may not be
readily distinguishable from the meter component to which the damping material 310 is
applied. For example, the case 200 has a thickness T, and the damping material 310 has
a thickness T,. Although not shown to scale in the figures, in many embodiments, the
thickness T, will be greater than the thickness T,. It should be appreciated however,
that in other embodiments, the thickness T; of the case 200 may be less than the
thickness T, of the damping material 310. According to an embodiment of the
invention, the damping material 310 may be applied to the meter component such that
the damping material 310 becomes an integral part of the meter component. The
damping material 310 may be applied to the case 200 using a variety of techniques
including, but not limited to spraying, brushing, adhesives, sintering, powder coating,
vapor deposition, mechanical fasteners, or friction fit, such as an elastic skin. The
elastic damping material skin may be pre-molded and applied by wrapping around at
least a portion of the case 200. Preferably, regardless of the method used to apply the
damping material 310, the damping material 310 substantially conforms to the shape
and texture of the meter component.

In other embodiments, the damping material 310 may comprise a laminate or
coating, which is applied to an outer surface of the case 200. The laminate damping
material 310 may comprise one or more layers of a plastic material secured to the case
200 or to one another using an adhesive. One advantage of the present invention over
prior art attempts is that the damping material 310 may be applied to an existing case
200 on a vibrating meter 5 that is already assembled. Alternatively, the damping
material 310 may be applied to the case 200 prior to the case 200 being coupled to the
plates 303, 304. This allows the damping material 310 to be applied to an interior
surface of the case 200 as shown in FIG. 3. The damping material 310 can also be
applied to a meter component as a thin layer that does not occupy a significant amount
of space as in the prior art solutions of welding bulky weights to the case.

According to an embodiment of the invention, the damping material 310
comprises a material that is different from the material used to form the case 200.

According to an embodiment of the invention, the damping material 310 comprises a
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material that is different from the material used to form the conduits 103A, 103B.
Preferably, the damping material 310 comprises a material that exhibits greater
vibrational damping characteristics than the case 200. For example, if the case 200
comprises a metal, the damping material 310 may comprise plastic, rubber, carbon fiber,
fiberglass, graphite, glass, wood, etc. As is known in the art, vibrational damping is the
conversion of mechanical energy (vibrations) into thermal energy. The heat generated
due to damping is lost from the mechanical system into the surrounding environment.
While damping can be characterized in a number of different ways, one specific
vibrational damping characteristic is a so-called damping loss factor, 1. A component’s

damping loss factor, 1, can be expressed as follows:

D
-_“ 1
=57 (1)
Where:

n is the damping loss factor;

D is the energy dissipated per unit volume per cycle; and

W is the maximum strain energy stored during a cycle.

As can be appreciated, a higher damping loss factor is realized in materials
having a greater dissipated energy per unit volume per cycle or a lower maximum strain
energy stored during a cycle. Damping loss factors for a wide variety of materials are
available in look-up tables, charts, graphs, etc. Alternatively, the damping loss factor
for a specific material may be determined experimentally. Therefore, according to one
embodiment of the invention, the damping material 310 may be chosen such that the
damping material 310 has a lower damping loss factor than the material used to form the
conduits 103A, 103B and/or the case 200, for example. As mentioned above, in many
situations, the case 200 as well as the conduits 103A, 103B are formed from a metal.
Therefore, one suitable material for the damping material 310 may comprise a
plastic/polymer. In general, most metals have a damping loss factor in the range of
approximately 0.001. In contrast, plastics/polymers have a damping loss factor in the
range of 0.01 —2.0. Therefore, by applying a damping material 310 to at least a portion
of the case 200, the vibrational damping characteristic can be 10 and 2000 times higher
than for the case 200 alone. Advantageously, with the damping material 310 applied to

at least a portion of a surface of the case 200, the various frequencies required to induce
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a mode of vibration in the case 200 are substantially reduced while the drive mode
frequency remains substantially unaffected. This results in frequency separation
between the frequencies that induce a mode of vibration in the case 200 and the drive
frequency that induces the drive mode of vibration in the conduits 103A, 103B.

According to an embodiment of the invention, the damping material 310 is
applied to one or more meter components, such as the case 200, such that a frequency
separation between a frequency that induces a mode of vibration in the meter component
and the drive mode frequency is greater than 1 Hertz. More preferably, the frequency
separation is greater than 3-5 Hertz based on the anticipated fluid densities. In some
embodiments, the damping material 310 may be applied to the case 200 in order to
maintain sufficient frequency separation for a range of fluid densities. For example, the
damping material 310 may be applied to a surface of the case 200 to lower the resonant
frequencies of the case 200 to a level that remains below the drive mode frequency even
during multi-phase flow. The degree of frequency separation can be adjusted based on
the thickness and/or the specific material used for the damping material 310.

FIG. 4 shows a partially exploded view of the vibrating meter 5 according to
another embodiment of the invention. In the embodiment shown in FIG. 4, the conduits
103A, 103B are coupled to a base 440. FIG. 5 shows a cross-sectional view of the
vibrating meter 5 of FIG. 4 after being assembled.

According to an embodiment of the invention, the vibrating meter 5 may include
one or more brace bars 470. The one or more brace bars 470 are provided to help aid in
defining the bending axes, as described above. With the brace bars 470 in place, the
conduits 103A, 103B are clearly separated into a vibration portion 471 and a non-
vibrating portion 472. As explained above, the vibrating portion 471 of the conduits
103A, 103B comprises the portion of the conduits 103A, 103B that vibrates in a
desirable manner due to the driver 104. In contrast, the non-vibrating portion 472 may
vibrate due to the vibration of the vibrating portion 471 of the conduits 103A, 103B, but
in an undesirable manner, i.e., vibration of the non-vibrating portion 472 of the conduits
103A, 103B is unintentional. The base 440 may replace the spacer 106 provided in the
previously described embodiments. According to an embodiment of the invention, the
base 440 is further coupled to mounting blocks 441A, 441B. The mounting blocks
441A, 441B may provide a means for attaching the base 440 to the process line (not
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shown) or a manifold (not shown). According to an embodiment of the invention, the
damping material 310 may be applied to the base 440, the mounting blocks 441A, 441B,
the non-vibrating portion 472 of the conduits 103A, 103B, or all of the meter
components, as shown in FIG. 5. The damping material 310 may therefore reduce the
natural resonant frequencies of the base 440, the non-vibrating portion 472 of the
conduits 103A, 103B, and/or the mounting blocks 441A, 441B so the drive mode does
not induce a vibrational response in the base 440, the non-vibrating portion 472 of the
conduits 103A, 103B, or the mounting blocks 441A, 441B.

According to an embodiment of the invention, the case 200 can be coupled to the
base 440. According to the embodiment of FIGS. 4 & 5, the damping material 310
substantially completely covers the case 200. Consequently, the case 200 cannot be
welded as is possible in the previous embodiments. Therefore, the case 200 in FIGS. 4
& 5 includes a plurality of detents 460. The detents 460 are provided in order to
accommodate mechanical fasteners (not shown). The mechanical fasteners can fit
within the detents 460 and engage the apertures 461 formed in the base 440 and the
apertures 462 formed in the mounting blocks 441A, 441B. According to an
embodiment of the invention, the mechanical fasteners may comprise U-bolts, for
example that fit over the case 200.

According to an embodiment of the invention, the vibrating meter 5 can also
include a sealing member 450 positioned between the base 440 and the case 200. The
sealing member 450 can comprise a rubber O-ring, for example. According to an
embodiment of the invention, the sealing member 450 can be provided to further isolate
unwanted vibrations of the case 200 from the conduits 103A, 103B. Further, the sealing
member 450 can provide a substantially fluid-tight seal between the case 200 and the
base 440.

The present invention as described above provides a vibrating meter 5 and a
method of manufacturing a vibrating meter 5 with one or more meter components that
have a damping material 310 applied to at least a portion of their surface. While the
majority of the discussion is directed towards a case 200, it should be appreciated that
the case 200 is merely used as an example of a meter component that can benefit from
an applied damping material 310. Therefore, those skilled in the art will readily

appreciate that various other meter components exclusive of the vibrating portion 471 of
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the conduits 103A, 103B, the driver 104, and the pick-offs 105, 105° can benefit from an
applied damping material 310. As explained above, unlike bulky weights that are
welded onto a case, the damping material 310 of the present invention can be applied as
a thin layer, having a thickness less than the thickness of the meter component, as
discussed above. Further, the damping material 310 is preferably chosen such that one
or more resonance frequencies of the meter component are lowered upon applying the
damping material 310. Advantageously, the damping material 310 can separate one or
more frequencies that induce a mode of vibration in the meter component from the drive
mode frequency of the vibrating portion of the conduits 103A, 103B. Therefore,
measurement errors caused by an overlap in the frequencies can be substantially reduced
or eliminated.

The detailed descriptions of the above embodiments are not exhaustive
descriptions of all embodiments contemplated by the inventors to be within the scope of
the 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. It will also be apparent to those of ordinary skill in the art that the
above-described embodiments 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 teachings
provided herein can be applied to other vibrating systems, and not just to the
embodiments described above and shown in the accompanying figures. Accordingly,

the scope of the invention should be determined from the following claims.
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CLAIMS

We claim:;

1.

2.

A vibrating meter (5), comprising:

one or more conduits (103A, 103B) including a vibrating portion (471) and a
non-vibrating portion (472);

a driver (104) coupled to a conduit of the one or more conduits (103A, 103B) and
configured to vibrate the vibrating portion (471) of the conduit at one or
more drive frequencies;

one or more pick-offs (105, 105”) coupled to a conduit of the one or more
conduits (103A, 103B) and configured to detect a motion of the vibrating
portion (471) of the conduit;

one or more meter components exclusive of the vibrating portion (471) of the
conduits (103A, 103B), the driver (104), and the pick-offs (105, 105°);
and

a damping material (310) applied to at least a portion of a surface of a meter
component of the one or more meter components that reduces one or
more vibrational resonant frequencies of the meter component below the

one or more drive frequencies.

The vibrating meter (5) of claim 1, wherein the meter component has a first

thickness, T, and the damping material (310) has a second thickness, T, less than the

first thickness, T;.

3.

The vibrating meter (5) of claim 1, wherein a meter component of the one or

more meter components comprises a case (200) that substantially surrounds the one or

more conduits (103A, 103B), the driver (104), and the one or more pick-offs (105,

105°).

4.

The vibrating meter (5) of claim 3, further comprising a base (440) coupled to

the case (200) and a sealing member (450) providing a substantially fluid-tight seal
between the case (200) and the base (440).
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5. The vibrating meter (5) of claim 3, further comprising one or more detents (460)

formed in the case (200) and adapted to receive mechanical fasteners.

6. The vibrating meter (5) of claim 1, wherein a meter component of the one or
more meter components comprises a base (440) coupled to the one or more conduits

(103A, 103B).

7. The vibrating meter (5) of claim 6, wherein another meter component of the one
or more meter components comprises a mounting block (441A, 441B) coupled to the

base (440).

8. The vibrating meter (5) of claim 1, wherein a meter component of the one or
more meter components comprises a non-vibrating portion of a conduit of the one or

more conduits (103A, 103B).

9. A method of forming a vibrating meter including one or more conduits including
a vibrating portion and a non-vibrating portion, comprising steps of:
coupling a driver to a conduit of the one or more conduits, the driver being
configured to vibrate the vibrating portion of the conduit at one or more
drive frequencies;
coupling one or more pick-offs to a conduit of the one or more conduits, the one
or more pick-offs being configured to detect a motion of the vibrating
portion of the conduit;
providing one or more meter components exclusive of the vibrating portion of
the conduits, the driver, and the pick-offs; and
applying a damping material to at least a portion of a surface of a meter
component of the one or more meter components that reduces one or
more vibrational resonant frequencies of the meter component below the

one or more drive frequencies.

17



10

15

20

25

WO 2012/005734 PCT/US2010/041472

10.  The method of claim 9, wherein the meter component comprises a first thickness
T, and wherein the step of applying the damping material comprises applying the

damping material with a second thickness, T, less than the first thickness, T;.

11.  The method of claim 9, wherein a meter component of the one or more meter
components comprises a case and wherein the method further comprises a step of
substantially surrounding the one or more conduits, the driver, and the one or more pick-

offs with the case.

12.  The method of claim 11, further comprising steps of coupling a base to the case

and positioning a substantially fluid-tight seal between the case and the base.

13.  The method of claim 11, further comprising a step of forming one or more

detents in the case that are adapted to receive mechanical fasteners.

14.  The method of claim 9, wherein a meter component of the one or more meter
components comprises a base and wherein the method further comprises a step of

coupling the base to the one or more conduits.

15. The method of claim 14, wherein another meter component of the one or more
meter components comprises a mounting block and wherein the method further

comprises a step of coupling the mounting block to the base.
16.  The method of claim 9, wherein a meter component of the one or more meter

components comprises the non-vibrating portion of a conduit of the one or more

conduits.
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