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ABSTRACT

A measuring element for a water meter assembly is provided. The measuring element
may be interchangeably installed within a main case that is permanently situated in-line with a
monitored piping system. The measuring element includes a measuring channel, an electronics
module, and an acoustic reflector plate. The measuring element has a top wall with multiple
ports and a bottom wall with a recess. The electronics module is mounted above the top wall.
The electronics module includes one or more pairs of ultrasonic transducers configured to
transmit ultrasonic signals through the multiple ports into the measuring channel, and a processor
to calculate a flow value based on the transmitted ultrasonic signals from the one or more pairs
of ultrasonic transducers. The acoustic reflector plate is mounted in the recess and includes at
least one concave reflector that reflects the transmitted ultrasonic signals between the one or

more pairs of ultrasonic transducers.
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UNITIZED MEASURING ELEMENT FOR WATER METER ASSEMBLY
FIELD

[0001] The present application relates generally to water meters and more specifically to

water meters that use solid state technology.

[0002] Water meters are typically used to measure water usage at a consumption site for
billing and/or monitoring purposes. Water meter measurements are directly tied to revenue,
which makes measurement integrity and reliability of every water meter a high priority. Solid
state ultrasonic water meters generally include no moving parts, which helps to ensure long-
term accuracy and reliability. Solid state ultrasonic water meters may be installed in-line with
a piping system. In many cases, when a meter needs to be replaced (e.g., due to failure or
lifecycle expiration) or be upgraded, the piping system is shut down and the entire in-line water

meter segment is removed and replaced.
SUMMARY

[0003] According to a broad aspect, there is provided a measuring element for a metering
assembly, comprising: a measuring channel, comprising a top wall with multiple ports and a
bottom wall with a recess; an electronics module mounted above the top wall of the measuring
channel, the electronics module comprising: one or more pairs of ultrasonic transducers
configured to transmit ultrasonic signals through the multiple ports into the measuring channel,
and a processor to calculate a flow value based on the transmitted ultrasonic signals from the
one or more pairs of ultrasonic transducers; and at least one acoustic reflector plate mounted
within the recess; wherein the at least one acoustic reflector plate comprises at least one
focusing mirror, formed in a top surface of the at least one acoustic reflector plate, that is
configurated to reflect the transmitted ultrasonic signals between the one or more pairs of
ultrasonic transducers; and wherein the measuring element is configurated to be installed in a
main case and operated without field calibration. According to another broad aspect, there is
provided a measuring element for a metering assembly, comprising: a measuring channel
comprising a first material, the measuring channel comprising a top wall with multiple ports
and a bottom wall with a recess; a cover comprising a second material, the cover comprising a

flange configured to be mounted to a main case, the main case comprising a cavity to receive
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the measuring element; an electronics module coupled to the cover, the electronics module
comprising: two pairs of ultrasonic transducers configured to transmit ultrasonic signals
through the multiple ports into the measuring channel, and a processor to calculate a flow value
based on the transmitted ultrasonic signals from the two pairs of ultrasonic transducers; and at
least one acoustic reflector plate mounted within the recess, wherein the at least one acoustic
reflector plate comprises at least one focusing mirror, formed in a top surface of the at least one
acoustic reflector plate, that is configurated to reflect the transmitted ultrasonic signals between
the two pairs of ultrasonic transducers, and wherein the measuring element is configured to be
installed in the cavity of the main case and operated without field calibration. According to a
further broad aspect, there is provided a method for performing a field installation of a
measuring element for a water meter assembly, the method comprising: removing an installed
water meter from a main case while the main case is connected to system piping; selecting a
replacement measuring element for a pipe size corresponding to the system piping, wherein the
measuring element comprises: a cover comprising a first material, a measuring channel
comprising a second material that is different than the first material, an electronics module
coupled to the cover, the electronics module comprising a pair of ultrasonic transducers
configured to transmit ultrasonic signals through multiple ports into the measuring channel and
a processor to calculate a flow value based on the transmitted ultrasonic signals from the pair
of ultrasonic transducers, and at least one acoustic reflector plate mounted within a recess of
the measuring channel, wherein the acoustic reflector plate comprises at least one focusing
mirror, formed in a top surface of the at least one acoustic reflector plate, that is configured to
reflect the transmitted ultrasonic signals between one or more pairs of ultrasonic transducers,
the measuring element being configured to be installed in a cavity of the main case and operated
without field calibration; inserting into the cavity of the main case the selected measuring
element; fastening the selected measuring element to the main case; and introducing, after the
fastening, a fluid supply through the measuring channel to operate the water meter assembly

without further calibration.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Fig. 1 is a partial assembly view of an embodiment of a water meter assembly,

according to an implementation;
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[0005]  Fig. 2 is a longitudinal cross-sectional view of the assembled water meter
assembly of Fig. 1;

[0006] Fig. 3 is a partial assembly view of the unitized measuring element (UME) of Fig.
1;
[0007] Fig. 4A is a longitudinal cross-sectional side view of the UME of Fig. 1;
[0008] Fig. 4B is a perspective cross-sectional end view of the UME of Fig. 1;

[0009] Fig. 5A-5C are top, side and end views, respectively, of an acoustic reflecting plate

of Fig. 2, according to an implementation;

[0010] Fig. 6 is a simplified schematic of an exemplary transducer 120 arrangement in a
UME of Fig. 1;

[0011] Fig. 7A-7C are top, side and end views, respectively, of an acoustic reflecting plate

set, according to another implementation;

[0012] Figs. 8A-8C are top, side and end views, respectively, of an acoustic reflecting

plate of Fig. 2, according to still another implementation;

[0013] Figs. 9A-9C are top, side and end views, respectively, of an acoustic reflecting

plate of Fig. 2, according to yet another implementation;

[0014] Figs. 10A-10C are top, side and end views, respectively, of an acoustic reflecting

plate of Fig. 2, according to another implementation;

[0015] Figs. 11A-11D are top, side, end, and perspective views, respectively, of an
acoustic reflecting plate of Fig. 2, according to an implementation for use with a single

transducer pair;

[0016] Fig. 12 is a perspective view of the measuring channel of Fig. 1 with a reflector

plate and transducers;

[0017] Fig. 13 is a partial cross-sectional assembly view of the measuring channel of Fig.

1 and the acoustic reflecting plate of Figs. 8A-8C,;

[0018] Fig. 14 is a partial bottom perspective view of the measuring channel of Fig. 1
with the reflector plate installed; and

2a
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[0019] Fig. 15 is a flow diagram illustrating an exemplary process for replacing a water

meter assembly as a field installation, according to an implementation described herein.

DETAILED DESCRIPTION OF EMBODIMENTS

[0020] Variants, examples, and preferred embodiments of the invention are described
hereinbelow. The following detailed description refers to the accompanying drawings. The

same reference numbers in different drawings identify the same or similar elements.

[0021] Systems and methods described herein provide a unitized measuring element
(UME) for a water meter assembly. The UME may be removably installed within a main case,
which may be permanently situated in-line with a monitored piping system. The UME may
include solid state ultrasonic components to measure fluid flow through the UME. The
systems and methods described herein allow for installation and/or replacement of the UME
without removal of the main case (e.g., for a field installation) and without additional
calibration. According to an implementation, all measuring components may be included
within the UME to allow for interchangeability. For example, one UME may be swapped out
with another UME (e.g., a replacement or upgrade) without disconnecting the main case from

pipe sections to which the main case is attached.

[0022] According to one embodiment, the UME includes one or more two pairs of
transducers that are mounted above a measuring channel. One or more reflector plates are

mounted within a pocket or recess in a bottom wall of the measuring channel. Each of the

2b
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transducer pairs are aligned to transmit ultrasonic signals between respective transducers of each
pair using the reflector plates. The reflector plates include one or more reflective surfaces, such
as a pair of spherical focusing mirrors, a pair of ellipsoidal focusing mirrors, a pair of Fresnel
mirrors, or a cylindrical focusing mirror, to improve amplitude and reduce signal loss of the
received signal from each transducer by the other transducer of a transducer pair.

[0022] According to one implementation, one pair of transducers may be positioned above a
measuring channel. According to another implementation, two pairs of transducers may be
aligned to create two parallel measuring paths at different places along the width of the
measuring channel. In either implementation, the metal reflector plate may be mounted at the
bottom of the measuring channel to reflect ultrasonic signals between the transducer pairs in
substantially V-shaped measuring paths that extend through the entire depth (or height) of the
measuring channel. The arrangement/alignment of the transducers and reflector plate within the
UME allows for factory calibration of the UME and subsequent field installation (e.g.,
installation within a corresponding main case) without additional calibration. Furthermore, when
parallel measuring paths are used, the parallel V-shaped measuring paths maximize exposure of
the ultrasonic signals to fluid in the measuring channel and mitigate against possible non-
uniformity of flow velocity within the measuring channel.

[0023] Fig. 1 is a partial assembly view of an embodiment of a water meter assembly 10. As
shown in Fig. 1, water meter assembly 10 includes a UME 100 that may be inserted into a main
case 200. UME 100 includes a cover 102 that supports a measuring channel 104, an electronics
module 106, and a transducer cover 108. Main case 200 may be dimensioned to fit inline within
a selected pipe system (e.g., a particular pipe diameter). Inlet flange 202 may be bolted, for
example, to a corresponding flange (not shown) of the piping system, and outlet flange 204 be
bolted, for example, to another corresponding flange (not shown) of the piping system, such that
water flows through main case 200 in a desired flow direction, shown as arrow 206. Main case
200 may be configured with a cavity 208 into which a portion of UME 100 may be inserted.
[0024] As shown, for example, in Fig. 2, an entry section 212 extends from input flange 202
into cavity 208. Similarly, an exit section 214 extends from an opposite side of cavity 208 to
outlet flange 204. Entry section 212 and exit section 214 may adjust the cross-sectional shape
(i.e., the shape orthogonal to the flow direction) of the fluid flow path to permit accurate
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measurements by UME 100. Entry section 212 provides a channel 213 that gradually transitions
a flow path from a circular cross-section at 213a (e.g., corresponding to a shape of the system
inlet piping) to a substantially rectangular cross-section 213b that matches an inlet end 105a of
measuring channel 104, as described further herein. According to one implementation, the ratio
of the area of the substantially rectangular cross-section 213b to the area of the substantially
circular cross-section 213a may be about 0.4 to 0.8. Exit section 214 provides a channel 215 that
gradually transitions the flow path from the substantially rectangular cross-section 215a (i.e., that
matches an outlet end 105b of measuring channel 104) to retumn to a circular cross section 215b
with a diameter matching that of circular cross section 213a, for example. The design of the
gradual transition in channel 213 may reduce pressure loss through measuring channel 104.
[0025] When inserted within cavity 208, measuring channel 104 is aligned with entry section
212 and exit section 214 (e.g., as shown in Fig. 2) such that water/fluid from the monitored
piping system may flow into entry section 212, through measuring channel 104, and out exit
section 214. Precision alignment of measuring channel 104 and entry section 212 (along with a
seal ring 110, described below) prevents leakage of fluid past measuring channel 104 and
permits accurate measurements by UME 100. In one aspect, the combination of design, material
selection, and manufacturing processes described herein allow this precision alignment to be
achieved, which allows for interchangeability of different UMEs 100 and main cases 200 without
field calibration.

[0026] According to an implementation, main case 200 may be a cast component (e.g.,
bronze, stainless steel, etc.). Cover 102 may also be a cast component of the same or similar
material. Alternatively, cover 102 may be made of a different material, such as a composite,
thermoplastic, etc. Measuring channel 104 may be formed from an engineered polymer material,
such as structurally rigid hard plastic material. Measuring channel 104 may be formed, for
example, using an injection molding or 3D printing process. Measuring channel 104 may be
formed, for example, as two halves that are secured together and fastened (e.g., bolted) to the
underside of cover 102. Using an engineered polymer measuring channel 104 may allow for
tighter tolerances and a more consistent cross-sectional flow path through measuring channel 104
(e.g., compared to tolerances that are typically achieved with metal castings) to provide for

consistent performance and interchangeability of different UMEs 100 with main case 200. For
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example, typical sand casting tolerances are in the range of 0.030 — 0.200 inches, whereas typical
tolerances for injection molding processes are in the range of 0.003 — 0.030 inches. According to
another implementation, the plastic material of measuring channel 104 may reduce the
possibility of build-up of foreign material (e.g., lime, calcium, etc.) over the lifetime UME 100.
According to an implementation, the material forming measuring channel 104 may include
Polyphenylene Ether (PPE), Polyphenylene Oxide (PPO) and/or high impact polystyrene (HIPS)
reinforced with glass.

[0027]  Referring to Fig. 2, a seal ring 110 may be affixed to the inlet end 105a of measuring
channel 104, encircling the perimeter at inlet end 105a. Seal ring 110 may include a flexible
material, such as a thermoplastic elastomer (TPE), to provide a face seal between measuring
channel 104 and entry section 212. In another implementation, seal ring 110 may be formed of
any suitable resilient material, such as a combination of polypropylene and ethylene-propylene-
diene-monomer (EPDM), silicone, etc. When measuring channel 104 is inserted into cavity 208,
seal ring 110 is pressed against the periphery of entry section 212 and prevents leakage of water
outside of measuring channel 104 at the interface between measuring channel 104 and entry
section 212. Seal ring 110 allows for greater dimensional variance between different UME 100
assemblies (e.g., than would be possible with a rigid material interface) to facilitate better
interchangeability with main case 200.

[0028]  Fig. 3 is a partial assembly view of UME 100, including cover 102, measuring
channel 104, and electronics module 106 (transducer cover 108 is not shown). Electronics
module 106 may include or be connected to ultrasonic transducers 120-1 through 120-4 (referred
to collectively as “transducers 120 or generically as “transducer 120”). According to an
embodiment, two transducers 120 on different points along the flow path (e.g., one closer to the
inlet end 105a and another closer to the outlet end105b) form a pair. Thus, in the example of Fig.
3, transducers 120-1 and 120-2 form one transducer pair and transducers 120-3 and 120-4 form
another transducer pair. Each transducer 120 is directed to emit ultrasonic waves that reflect off
an acoustic reflecting plate 124 (Figs. 4A and 4B) mounted in a recess 160 of a bottom wall 112
(e.g., below the flow path) of measuring channel 104, and receive the reflected signal of the
paired transducer 120. Thus, each of ultrasonic transducers 120 directs an ultrasonic signal from

a same side (e.g., top wall 114) of measuring channel 104 toward reflecting plate 124 on an
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opposite side (e.g., bottom wall 112) of measuring channel 104. According to an implementation,
acoustic reflecting plate 124 may be mounted so that a top surface 158 of acoustic reflecting
plate 124 is substantially flush with an interior surface 154 of bottom wall 112,

[0029]  Asshown in Fig. 4A, to measure flow velocity, electronics module 106 may indicate
the sending of a signal 122 (also referred to herein as a “transmit path™) from an upstream
transducer (e.g., transducer 120-2 or transducer 120-4) that reflects off reflector plate 124 as
signal 122’ (also referred to herein as a “reflective path”) and is received at a downstream
transducer (e.g., transducer 120-1 or transducer 120-3). Electronics module 106 may measure the
time of flight of the signals 122/122” to reach the downstream transducer. Electronics module
106 may then send a signal (not shown) in the reverse direction (e.g., from transducer 120-1/120-
3 to transducer 120-2/120-4 via reflector plate 124) and measure the time of flight of the reverse
signal to reach the upstream transducer. The difference in travel times between the downstream
signals 122/122 and the upstream signals may be used to determine the flow rate.

[0030]  As shown in the longitudinal cross-section view of Fig. 4A and perspective cross-
sectional end view of Fig. 4B, the initial signal 122 from transducer 120-2 experiences beam
spread as signal 122 traverses from transducer 120-2 to reflector plate 124. To minimize signal
losses between transducer 120-2 and transducer 120-1, reflector plate 124 includes one or more
focusing mirrors 170 (shown, for example, in various embodiments in Figs. SA-10C). According
to an implementation, reflector plate 124 may include a material with high acoustic reflectivity,
such as steel or stainless steel, and focusing mirror 170 may be machined directly into reflector
plate 124. According to another implementation, steel plates (e.g., approximately 2 mm thick or
more to disperse evanescent waves) may be used to form focusing mirrors 170, which may be
mounted onto a reflector plate 124 formed from another material. In another implementation, the
concavity formed by focusing mirror 170 may be filled with an acoustically-transparent material
to provide a substantially continuous flat surface with interior surface 154 (Fig. 6) of bottom wall
112 in measuring channel 104. The size and radius (e.g., focal radius of curvature) of focusing
mirror 170 may vary according to the dimensions (e.g., height, H) of measuring channel 104
and/or the orientation of transducers 120 (e.g., angle of reflection, V). As described further

herein, non-limiting examples of focusing mirror 170 include a spherical concave reflector, an
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ellipsoidal concave reflector, a cylindrical concave reflector, a parabolic reflector, and a Fresnel
reflector.

[0031] According to an implementation, transducers 120 and focusing mirror 170 may be
configured such that, when a beam (e.g., signal 122) is transmitted from a first transducer (e.g.,
transducer 120-2 in the example of Fig. 4A), the beam is reflected by focusing mirror 170 such
that a -6 decibel (dB) beam spread of the reflected beam (e.g., signal 1227) is at least 90%
incident on the face of a second transducer (e.g., transducer 120-1). Focusing mirror 170 may
provide similar effect for signals in the opposite direction. Thus, when a beam is transmitted
from the second transducer (e.g., transducer 120-2), focusing mirror 170 may reflect the beam
such that a -6 dB beam spread of the reflected beam is at least 90% incident on the face of the
first transducer (e.g., transducer 120-2).

[0032] As shown, for example, in Fig. 4B, transducer 120 pairs (e.g., transducer pair 120-
1/120-2 and transducer pair 120-3/120-4) create substantially parallel transmit paths 122 and
123, which, accordingly also result in parallel reflective paths 122” and 123’ (not shown). The
combination of a transmit path (e.g., signal 122 or signal 123) and reflective path (e.g., signal
122 or 123’) may be referred to as a measurement path. According to an implementation,
transducer 120 pairs may be placed such that the centers of the measurement paths are
equidistant from a lateral centerline, C. The distance, W, from the centerline, C, may be selected
to place the measurement paths within a laminar flow area of the measured fluid. The parallel
measurement paths may ensure signals 122/122” and 123/123” provide measurements of non-
overlapping flow planes. The measurements of signals in the measurement paths may be
averaged, for example, to minimize error.

[0033] The V-shaped measurement path permits mounting of all transducers 120 within
cover 102 while minimizing the number of reflector plates 124 needed in measuring channel
104. Furthermore, in contrast with conventional water meters with reflectors mounted on the
main case, reflector plate 124 is located within UME 100 and does not contact main case 200.
Incorporation of reflector plate 124 into UME 100 may provide better interchangeability with
different main cases 200 and UMEs 100. For example, locating reflector plates 124 in the
molded measuring channel 104 provides better locational tolerance than attaching it to a cast

main case or machined pocket in the main case. Consistent dimensions and calibration may be
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ensured during a UME manufacturing process, which also aids in interchangeability (e.g., to
swap out different UMEs 100 into main case 200).

[0034] Fig. 5A is a simplified top view of a reflector plate 500, which may correspond to an
embodiment of reflector plate 124 according to an implementation. Figs. 5B and 5C provide a
side view and a cross-sectional end view of reflector plate 500. Referring collectively to Figs.
5A-5C, reflector plate 500 may include two spherical concave reflectors 502 and 503, and four
mounting holes 504. Reflectors 502 and 503 may correspond to focusing mirrors 170. Reflectors
502 and 503 may be placed or formed within reflector plate 500 such that the centers of each
reflector 502/503 are aligned along a line 510. When reflector plate 500 is installed within
measuring channel 104, line 510 may extend orthogonally to flow path 206 and substantially
parallel to the interior surface 154 of bottom wall 112 in measuring channel 104. For example,
reflector 502 may reflect downstream signals 122 from transducer 120-2 (or upstream signals
from transducer 120-1), and reflector 503 may reflect downstream signals 123 from transducer
120-4 (or upstream signals from transducer 120-3).

|0035] The focal radii, R, of reflectors 502 and 503 may vary with different UME
applications according to the height, H, of transducers 120 above reflector plate 500 and/or the
angle of reflection, V, between corresponding transducer 120 pairs. While the focal radii, R, of
reflectors 502 and 503 is the same as shown in Fig. 5A, in other implementations the spacing of
one transducer pair (e.g., transducers 120-1/120-2) may be different from another transducer pair
(e.g., transducers 120-3/120-4) and the focal radius of each corresponding reflector 502/503 may
also be different.

[0036] Each reflector 502/503 may have a diameter, D, configured to reflect an optimal
portion of a respective signal 122/123 from transducer 120. According to an implementation,
each reflector 502/503 may be configured to reflect at least a configured lateral beam spread of
the originating signal (e.g., signal 122/123) toward the respective receiving transducer 120,
where the configured beam spread is defined as distance spanning a beam axis that provides an
intensity of -6 dB.

[0037] Fig. 6 provides a simplified schematic for a particular transducer 120 arrangement in
UME 100, where the transmitting transducer 120-2 is a 1 megahertz (MHz) transducer with a
beam angle, Ag, of 7.6° at -6dB. As further shown in Fig. 6, transducer 120-2 may project signal
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122 with an angle of reflection, V, of approximately 26 degrees. Assume UME 100 has
transducers 120 at a height above reflector plate 500, H, of 6 inches (15.24 ¢cm) with an axial
distance, L, of 5.85 inches (14.86 cm) between transducer 120-2 and transducer 120-1. The
diameter, D, of reflector 502/503 at the surface of reflector plate 500 would be greater than 1
inch (2.54 cm) to reflect the resultant beam spread, S, of about 1 inch (2.54 ¢cm). In the example
of Fig. 6, reflector 502/503 may have a focal radius, R, of about 10 inches (25.4 cm).

[0038] Still referring to Fig. 6, some portions of signal 122 may spread beyond the diameter
of reflector 502/503 and reflect off a top surface 158 of reflector plate S00 or the other reflector
502/503. Thus, according to another implementation, top surface 158 may be contoured to
prevent reflection of signal 122 indirectly toward a receiving transducer (e.g., transducer 120-1)
via a side wall of measuring channel 104 or main case 200. Similarly, reflectors 502 and 503
may be spaced and/or oriented to limit reflection of signals from one transducer pair (e.g.,
transducers 120-1/120-2) toward the adjacent transducer pair (e.g., transducers 120-3/120-4).
[0039]  Fig. 7A is a simplified top view of two reflector plates 700 and 701, which may
correspond to an embodiment of reflector plate 124 according to another implementation. Figs.
7B and 7C provide a side view and a cross-sectional end view of reflector plates 700 and 701.
Referring collectively to Figs. 7A-7C, each of reflector plates 700 and 701 may include a
spherical concave reflectors 502 and 503, respectively, and four mounting holes 504. Reflectors
502 and 503 may correspond to focusing mirrors 170. Reflectors 502 and 503 may be placed or
formed within corresponding reflector plates 700 and 701 such that the centers of each reflector
502/503 are aligned along a line 510. When reflector plates 700 and 701 are installed within
measuring channel 104, line 510 may extend orthogonally to flow path 206 and substantially
parallel to the interior surface 154 of bottom wall 112 in measuring channel 104. Similar to
reflector plate S00 described above, reflector 502 may reflect downstream signals 122 from
transducer 120-2 (or upstream signals from transducer 120-1), and reflector 503 may reflect
downstream signals 123 from transducer 120-4 (or upstream signals from transducer 120-3).
Configured in separate reflector plates 700 and 701, reflectors 502 and 503 may be individually
adjustable to allow for more precise alignment during manufacturing.

[0040]  Fig. 8A is a simplified top view of a reflector plate 800, which may correspond to an

embodiment of reflector plate 124 according to yet another implementation. Figs. 8B and 8C
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provide a side view and a cross-sectional end view of reflector plate 800. Referring collectively
to Figs. 8A-8C, reflector plate 800 may include a cylindrical concave reflector 802, and four
mounting holes 504. Reflector 802 may correspond to focusing mirror 170. Reflector 802 may be
placed or formed within reflector plate 800 such that the axis of reflector 802 extends
orthogonally to flow path 206 and substantially parallel to the interior surface 154 of bottom wall
112 in measuring channel 104 when reflector plate 800 is installed within measuring channel
104. For example, reflector 802 may reflect downstream signals 122 from both transducer 120-2
and 120-4 (or upstream signals from transducer 120-1 and 120-3). The focal radii, R, of reflector
802 may vary with different UME applications according to the height, H, of transducers 120
above reflector plate 500 and/or the angle of reflection, V, between corresponding transducer
120 pairs. Reflector 802 may have a diameter, D, configured to reflect an optimal portion of a
respective signal 122/123 from transducer 120 (e.g., a -6 dB beam spread of the reflected beam
at least 90% incident on the face of a receiving transducer 120).

[0041]  Fig. 9A is a simplified top view of a reflector plate 900, which may correspond to an
embodiment of reflector plate 124 according to yet another implementation. Figs. 9B and 9C
provide a side view and a cross-sectional end view of reflector plate 900. Referring collectively
to Figs. 9A-9C, reflector plate 900 may include a set of ellipsoidal concave reflectors 902 and
903, and four mounting holes 504. Reflectors 902 and 903 may correspond to focusing mirrors
170. The surface of reflector 902/903 may be ellipsoidal with the beam centers of a respective
transducer pair (e.g., transducers 120-1/120-2 or transducers 120-3/120-4) as the foci. Each of
reflectors 902 and 903 may have curvature along two orthogonal axes. For example, reflector
902 may have an axis of curvature along line 510 and line 910, while reflector 903 may have an
axis of curvature along line 510 and line 912. Reflectors 902 and 903 may be placed or formed
within reflector plate 900 such that the centers of each reflector 902/903 are aligned along line
510. When reflector plate 900 is installed within measuring channel 104, line 510 may extend
orthogonally to flow path 206 and substantially parallel to the interior surface 154 of bottom wall
112 in measuring channel 104.

[0042] The focal radii of reflectors 902 and 903, respective to lines 510/910 or lines 510/912
may vary with different UME applications according to the height, H, of transducers 120 above

reflector plate 900 and/or the angle of reflection, V, between corresponding transducer 120 pairs.

10
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[0043] Each reflector 902/903 may have a length, X, and a width, Y, configured to reflect an
optimal portion of a respective signal 122/123 from transducer 120. Similar to descriptions above
in connection with Fig. 6, in one an implementation, each reflector 902/903 may be configured
such that a beam from a transducer 120 and reflected by reflector 1110 produces a -6 decibel
(dB) beam spread of the reflected beam at least 90% incident on the face of a receiving
transducer 120.

[0044] Fig. 10A is a simplified top view of a reflector plate 1000, which may correspond to
an embodiment of reflector plate 124 according to yet another implementation. Figs. 10B and
10C provide a side view and a cross-sectional end view of reflector plate 1000. Referring
collectively to Figs. 10A-10C, reflector plate 1000 may include a set of Fresnel reflectors 1002
and 1003, and four mounting holes 504. Reflectors 1002 and 1003 may correspond to focusing
mirrors 170. Each of reflectors 1002 and 1003 may include a simple Fresnel structure with ring
shaped steps 1006. The number, angle, and depth of ring shaped steps 1006 may vary with
different UME applications according to the height, H, of transducers 120 above reflector plate
1000 and/or the angle of reflection, V, between corresponding transducer 120 pairs. Reflectors
1002 and 1003 may be placed or formed within reflector plate 1000 such that the centers of each
reflector 1002/1003 are aligned along line 510. Similar to descriptions above, each of reflectors
1002/1003 may have a diameter, D, configured to reflect an optimal portion of a respective
signal 122/123 from transducer 120.

[0045] Fig. 11A is a simplified top view of a reflector plate 1100, which may correspond to
an embodiment of reflector plate 124 according to an implementation for use with a single
transducer 120 pair. For example, reflector plate 1100 may be used when UME 100 is configured
with a single transducer pair (e.g., transducers 120-1/120-2) longitudinally centered over
measuring channel 104 (e.g., along lateral centerline, C, of Fig. 4B). Figs. 11B, 11C, and 11D
provide a side view, a cross-sectional end view, and a perspective view of reflector plate 1100.
Referring collectively to Figs. 11A-11D, reflector plate 1100 may include an ellipsoidal concave
reflector 1102 and four mounting holes 504. Reflector 1102 may correspond to one of focusing
mirrors 170. The surface of reflector 1102 may be ellipsoidal with the beam centers of the
transducer pair (e.g., transducers 120-1/120-2) as the foci. Reflector 1102 may have curvature
along two orthogonal axes. Reflector 1102 may be placed or formed within reflector plate 1100
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such that the center of reflector 1102 is aligned at the intersection of lines 510 and 1110. When
reflector plate 1100 is installed within measuring channel 104, line 510 may extend orthogonally
to flow path 206 and substantially parallel to the interior surface 154 of bottom wall 112 in
measuring channel 104.

[0046] Similar to reflectors 902/903, reflector 1110 may have a length, X, and a width, Y,
configured to reflect an optimal portion of a signal 122 from transducer 120. Similar to
descriptions above in connection with Fig. 6, in one an implementation, reflector 1100 may be
configured such that a beam from a transducer 120 reflected by reflector 1110 produces a -6
decibel (dB) beam spread of the reflected beam at least 90% incident on the face of a receiving
transducer 120.While Figs. 11A-11D illustrate a single ellipsoidal concave reflector 1102 for use
with a single transducer pair, in other implementations, a single spherical concave reflector (e.g.,
spherical concave reflector 502) or a single Fresnel reflectors (e.g., Fresnel reflector1002) may
be used.

[0047]  Flow rates may be detected by electronics module 106 using the dual measurement
paths between transducer 120 pairs. Electronics module 106 may include, for example, a battery,
a temperature sensor, a processor, and a memory to store instructions. The instructions (e.g.,
software) may be used to interpret signals from transducers 120 and compute, for example,
volume flow rate and total volume through measuring channel 104. Electronics module 106 may
combine measurements from the two measurement paths (i.e., between the path from transducers
120-2 to 120-1 and the path from transducers 120-4 to 120-3) in a manner to improve the flow
measurement accuracy. For example, two simultaneous measurements may be used along
measurement paths 122/122” and 123/123’ to account for asymmetry in the flow path through
measuring channel 104. Potential non-uniformity of flow velocity within measuring channel 104
is mitigated by the use of dual measurement paths. Calculating the average measurement from
dual paths, for example, may reduce measurement error. According to one implementation,
electronics module 106 may provide near-simultaneous measurement of fluid velocity or flow
rate that provides a more representative estimate of the average velocity through measuring
channel 104 than a single direct measurement.

[0048]  As shown, for example, in Fig. 3, cover 102 may include individual mounting holes

126 into which a gasket 128 and one of transducers 120 may be inserted. Mounting holes 126
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may align with ports 132 (Fig. 4A) in measuring channel 104 to permit acoustic signals from
transducers 120 to enter and exit measuring channel 104. According to an implementation, each
of ports 132 may include an acoustically transparent material 116 (Fig. 6) at the interface of port
132 and a top wall 114 of measuring channel 104. The acoustically transparent material 116 may
be substantially flush with top wall 114 of measuring channel 104. The acoustically transparent
port material 116 may reduce head loss of fluid in the flow path that would otherwise occur due
to open port holes. In one example, the acoustically transparent port material 116 may include,
for example, Polyurethane or Room-Temperature-Vulcanizing (RTV) Silicone.

[0049] A plate 130 may be placed over transducers 120 and attached to cover 102 to secure
transducers in mounting holes 126. In one implementation, one plate 130 may be secured over
transducers 120 on each side (e.g., transducers 120-1 and 120-3 under one plate 130, and
transducers 120-2 and 120-4 under another plate 130). The location of mounting holes 126 on
cover 102 and ports 132 on measuring channel 104 allow for top-mounting of transducers 120,
which permits simplified assembly from outside measuring channel 104. The angled installation
of mounting holes 126 and ports 132 also enables use of standard (e.g., non-wedge) transducers
120, while still providing angled measurement paths 122/122° and 123/123’. Furthermore the
location of ports 132 positions all transducers 120 near the rest of electronics module 106 so that
transducers 120 can more easily be part of a potted electronics assembly. Thus, in an exemplary
embodiment, UME 100 can be assembled with top mounted transducers 120 installed in a dual
measurement path configuration and sealed against water intrusion (or potted) as a separate
component from main case 200.

[0050] To assemble meter assembly 10, UME 100 may be inserted into cavity 208 of main
case 200. Guide holes 145 in flange 140 may receive alignment pins 216 extending from flange
210 to assist with alignment and orientation of UME 100. Holes 145 of flange 140 align with
holes 221 of flange 210. Fasteners (e.g., bolts 162, washers, nuts, etc., not shown) may be
inserted through holes 145 and holes 221 to secure cover 102 to main case 200. Accordingly,
measuring channel 104 is aligned within cavity 208, but is not directly fastened to the main case
200.

[0051] Fig. 12 is a perspective top view of measuring channel 104 with reflector plate 124

installed and transducers 120 aligned with respective ports 132. When assembled, transducers
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120 sit in or are located within mounting holes 126 and are supported by cover 102 without
contacting ports 132/measuring channel 104. An air gap 148 separates each transducer 120 from
each port 132. The spacing between the top of measuring channel 104 and the bottom of cover
102 (and thus the dimension of air gap 148) is governed in part by the length of bolt guides 150.
For example, bolts/screws 152 (Fig. 1) may be inserted through the bottom of bolt guides 150
and threaded into cover 102 to secure measuring channel 104 to cover 102 with desired spacing.
According to one non-limiting example, air gap 148 may be about 0.05 inches.

[0052]  Fig. 13 is a simplified partial cross-sectional assembly view of measuring channel
104 with reflector plate 124. Fig. 14 is a partial perspective bottom view of measuring channel
104 with reflector plate 124 installed. As shown in Figs. 12 and 13, a recess or pocket 160 may
be formed within bottom wall 112 of measuring channel 104. Reflector plate 124 may be secured
within pocket 160 below or even with a bottom interior surface 154 of measuring channel 104.
As noted above, the location of pocket 160 is configured to position reflector plate 124 for
enabling V-shaped parallel measurement paths 122/122° and 123/123 between transducer 120
pairs. In one implementation, reflector plate 124 may be secured within measuring channel 104
such that a top surface 158 of reflector plate 124 is substantially flush with bottom interior
surface 154 so as to not disrupt the flow path of fluid through measuring channel 104. In one
implementation, reflector plate 124 may be secured in pocket 160 using screws 156. In other
implementations, reflector plate 124 may be held in place via an interference fit, clips, adhesives,
or another type of fastener.

[0053]  Referring to Fig. 15, according to an implementation, UME 100 may be replaced as a
field installation. For example, a technician may stop a fluid supply through an installed meter
assembly, such as water meter assembly 10 (block 1510). With the fluid supply stopped/turned
off, pressure in the system (e.g., including pressure in water meter assembly 10) may be relieved,
and then the technician may remove bolts (e.g., bolts 162) that secure flange 140 of UME 100 to
flange 210 of main case 200. With the bolts removed, a technician may extract UME 100 from
main case 200 while main case 200 remains connected to the piping system (block 1520). The
technician may select a new UME 100 (e.g., a replacement UME 100, an upgraded UME 100,
etc.) that is configured for the size of the piping system (block 1530) and position the new UME
100 so that measuring channel 104 is inserted into cavity 208 (block 1540). A technician may re-
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install bolts 162 to secure flange 140 of the new UME 100 to flange 210 of main case 200 (block
1550). Once the bolts are secured, the water supply for the piping system may be turned on,
allowing for flow through water meter assembly 10 (block 1560). Thus, the new UME 100 may
be inserted into a previously installed main case 200 and operated without the need for additional
alignment or calibration (e.g., for transducers 120 and/or focusing mirrors 170).

Systems and methods described herein provide a UME for a water meter assembly. The UME
may be interchangeably installed within a main case that is permanently situated in-line with a
monitored piping system. According to an implementation, the UME may include a measuring
channel, an electronics module, and an acoustic reflector plate. The measuring element has a top
wall with multiple ports and a bottom wall with a recess. The electronics module is mounted
above the top wall. The electronics module includes one or more pairs of ultrasonic transducers
configured to transmit ultrasonic signals through the multiple ports into the measuring channel,
and a processor to calculate a flow value based on the transmitted ultrasonic signals from the one
or more pairs of ultrasonic transducers. The acoustic reflector plate is mounted in the recess and
includes at least one concave reflector that reflects the transmitted ultrasonic signals between the
one or more pairs of ultrasonic transducers.

[0054]  According to another implementation, the UME may include a measuring channel, a
cover, an electronics module, and an acoustic reflector plate. The measuring channel, formed
from a first material, and has a top wall with multiple ports and a bottom wall. The cover, formed
from a second material, includes a flange configured to be mounted to a main case that has a
cavity to receive the measuring element. The electronics module may be coupled to a different
side of the cover. The electronics module may include one or more pairs of ultrasonic
transducers configured to transmit ultrasonic signals through the multiple ports into the
measuring channel and a processor to calculate a flow value based on the transmitted and
received ultrasonic signals. In one implementation, two pairs of transducers may generate
parallel transmit paths. The acoustic reflector plate may be mounted to the bottom wall of the
measuring channel. The acoustic reflector plate includes at least one reflector, formed from a
concavity in the reflector plate, that reflects the transmitted ultrasonic signals between the one or

more pairs of ultrasonic transducers.
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[0055] The foregoing description of implementations provides illustration and description,
but is not intended to be exhaustive or to limit the invention to the precise form disclosed.
Modifications and variations are possible in light of the above teachings or may be acquired from
practice of the invention. For example, while some aspects have been described in the context of
replacing an installed UME with a new UME, in other implementations, a UME as described
herein may be installed to replace a mechanical or other legacy meter.

[0056] Use of ordinal terms such as “first,” “second,” “third,” etc., in the claims to modify a
claim element does not by itself connote any priority, precedence, or order of one claim element
over another, the temporal order in which acts of a method are performed, the temporal order in
which instructions are performed, etc., but are used merely as labels to distinguish one claim
element having a certain name from another element having a same name (but for use of the
ordinal term) to distinguish the claim elements.

[0057]  No element, act, or instruction used in the description of the present application
should be construed as critical or essential to the invention unless explicitly described as such.
Also, as used herein, the articles “a,” “an,” and “the” are intended to include one or more items.
Further, the phrase “based on” is intended to mean “based, at least in part, on” unless explicitly
stated otherwise. The term “and/or” is intended to be interpreted to include any and all
combinations of one or more of the associated items. The word “exemplary” is used herein to
mean “serving as an example.” Any embodiment or implementation described as “exemplary” is
not necessarily to be construed as preferred or advantageous over other embodiments or
implementations.

[0058]  As set forth in this description and illustrated by the drawings, reference is made to

2% & 32 CC

“an exemplary embodiment,” “an embodiment,” “embodiments,” etc., which may include a

particular feature, structure or characteristic in connection with an embodiment(s). However, the

27 L

use of the phrase or term “an embodiment,” “embodiments,” etc., in various places in the
specification does not necessarily refer to all embodiments described, nor does it necessarily
refer to the same embodiment, nor are separate or alternative embodiments necessarily mutually
exclusive of other embodiment(s). The same applies to the term “implementation,”

“implementations,” etc.
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[0059] With reference to the use of the words “comprise” or “comprises” or “comprising” in
the foregoing description and/or in the following claims, unless the context requires otherwise,
those words are used on the basis and clear understanding that they are to be interpreted
inclusively, rather than exclusively, and that each of those words is to be so interpreted in
construing the foregoing description and the following claims.

[0060] It is to be understood that any given elements of the disclosed embodiments of the
invention may be embodied in a single structure, a single step, a single substance, or the like.
Similarly, a given element of the disclosed embodiment may be embodied in multiple structures,
steps, substances, or the like.

[0061] All structural and functional equivalents to the elements of the various aspects set
forth in this disclosure that are known or later come to be known to those of ordinary skill in the
art.

[0062]  In the preceding specification, various preferred embodiments have been described
with reference to the accompanying drawings. It will, however, be evident that various
modifications and changes may be made thereto, and additional embodiments may be
implemented, without departing from the broader scope of the invention as set forth in the claims
that follow. The specification and drawings are accordingly to be regarded in an illustrative

rather than restrictive sense.
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CLAIMS

1. A measuring element for a metering assembly, comprising:

a measuring channel, comprising a top wall with multiple ports and a bottom wall with a
recess;

an electronics module mounted above the top wall of the measuring channel, the electronics
module comprising: one or more pairs of ultrasonic transducers configured to transmit ultrasonic
signals through the multiple ports into the measuring channel, and a processor to calculate a flow
value based on the transmitted ultrasonic signals from the one or more pairs of ultrasonic
transducers; and

at least one acoustic reflector plate mounted within the recess;

wherein the at least one acoustic reflector plate comprises at least one focusing mirror,
formed in a top surface of the at least one acoustic reflector plate, that is configurated to reflect the
transmitted ultrasonic signals between the one or more pairs of ultrasonic transducers; and

wherein the measuring element is configurated to be installed in a main case and operated

without field calibration.

2. The measuring element of claim 1, wherein the one or more pairs of ultrasonic transducers

comprise at least two pairs of ultrasonic transducers.

3. The measuring element of claim 2, wherein the at least two pairs of ultrasonic transducers

and the at least one focusing mirror provide substantially parallel signal paths.

4, The measuring element of any one of claims 1 to 3, wherein the at least one focusing mirror

comprises a spherical concave reflector.

5. The measuring element of any one of claims 1 to 3, wherein the at least one focusing mirror

comprises a concave ellipsoidal reflector.
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6. The measuring element of any one of claims 1 to 3, wherein the at least one focusing mirror
comprises two focusing mirrors aligned along a line that extends orthogonally to a flow path of

the measuring channel and parallel to the bottom wall.

7. The measuring element of any one of claims 1 to 3, wherein the at least one focusing mirror

comprises one or more of a Fresnel reflector or a cylindrically concave reflector.

8. The measuring element of any one of claims 1 to 7, wherein a transmit path and a reflective

path between the one or more pairs of ultrasonic transducers form a V-shape.

9. The measuring element of any one of claims 1 to 8, wherein the top surface is contoured
to prevent reflection of transmitted signal indirectly toward a receiving transducer of the one or

more pairs of ultrasonic transducers.

10.  The measuring element of any one of claims 1 to 9, comprising a cover configured to be
fastened to the main case, the main case comprising a cavity to receive the measuring element,
wherein the measuring channel is secured to the cover, and wherein, when the measuring channel

is fastened to the main case, the measuring channel extends below the cover into the cavity.

11.  The measuring element of claim 10, wherein the measuring channel comprises a polymer

material, and wherein the cover comprises a metal casting.

12.  The measuring element of any one of claims 1 to 11, wherein the acoustic reflector plate

comprises stainless steel.

13.  The measuring element of claim 1, wherein the at least one focusing mirror and the at least
one pair of transducers are configurated such that: when a beam of ultrasonic signals is transmitted
from a first transducer of the pair of transducers, the beam is reflected by the reflector such that a
-6 dB beam spread of the reflected beam is at least 90% incident on the face of a second transducer

of the pair of transducers.
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14.  The measuring element of claim 13, wherein the at least one focusing mirror and the at
least one pair of transducers are arranged such that: when another beam of ultrasonic signals is
transmitted from the second transducer, the other beam is reflected by the reflector such that a -6
dB beam spread of the reflected other beam is at least 90% incident on the face of the first

transducer.

15. A measuring element for a metering assembly, comprising:

a measuring channel comprising a first material, the measuring channel comprising a top
wall with multiple ports and a bottom wall with a recess;

a cover comprising a second material, the cover comprising a flange configured to be
mounted to a main case, the main case comprising a cavity to receive the measuring element;

an electronics module coupled to the cover, the electronics module comprising: two pairs
of ultrasonic transducers configured to transmit ultrasonic signals through the multiple ports into
the measuring channel, and a processor to calculate a flow value based on the transmitted ultrasonic
signals from the two pairs of ultrasonic transducers; and

at least one acoustic reflector plate mounted within the recess,

wherein the at least one acoustic reflector plate comprises at least one focusing mirror,
formed in a top surface of the at least one acoustic reflector plate, that is configurated to reflect the
transmitted ultrasonic signals between the two pairs of ultrasonic transducers, and

wherein the measuring element is configured to be installed in the cavity of the main case

and operated without field calibration.

16.  The measuring element of claim 15, wherein the at least one focusing mirror comprises a

concave ellipsoidal reflector.

17.  The measuring element of claim 15 or 16, wherein the measuring channel is not directly

fastened to the main case.

18.  The measuring element of claim 15, wherein the at least one focusing mirror and the at
least one pair of transducers are configurated such that: when a beam of ultrasonic signals is

transmitted from a first transducer of the pair of transducers, the beam is reflected by the reflector
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such that a -6 dB beam spread of the reflected beam is at least 90% incident on the face of a second
transducer of the pair of transducers, and when another beam of ultrasonic signals is transmitted
from the second transducer, the other beam is reflected by the reflector such that a -6 dB beam

spread of the reflected other beam is at least 90% incident on the face of the first transducer.

19. A method for performing a field installation of a measuring element for a water meter
assembly, the method comprising:

removing an installed water meter from a main case while the main case is connected to
system piping;

selecting a replacement measuring element for a pipe size corresponding to the system
piping, wherein the measuring element comprises: a cover comprising a first material, a measuring
channel comprising a second material that is different than the first material, an electronics module
coupled to the cover, the electronics module comprising a pair of ultrasonic transducers configured
to transmit ultrasonic signals through multiple ports into the measuring channel and a processor to
calculate a flow value based on the transmitted ultrasonic signals from the pair of ultrasonic
transducers, and at least one acoustic reflector plate mounted within a recess of the measuring
channel, wherein the acoustic reflector plate comprises at least one focusing mirror, formed in a
top surface of the at least one acoustic reflector plate, that is configured to reflect the transmitted
ultrasonic signals between one or more pairs of ultrasonic transducers, the measuring element
being configured to be installed in a cavity of the main case and operated without field calibration;

inserting into the cavity of the main case the selected measuring element;

fastening the selected measuring element to the main case; and

introducing, after the fastening, a fluid supply through the measuring channel to operate

the water meter assembly without further calibration.

20.  The method of claim 19, wherein the at least one focusing mirror and the at least one pair
of transducers are configured such that when a beam of ultrasonic signals is transmitted from a
first transducer of the pair of transducers, the beam is reflected by the reflector such that a -6 dB
beam spread of the reflected beam is at least 90% incident on the face of a second transducer of

the pair of transducers.
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