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ADJUSTABLE METER WITH TAMPER
DETECTION

REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 14/490,095, filed Sep. 18, 2014, which is
hereby specifically incorporated by reference herein in its
entirety.

TECHNICAL FIELD

[0002] This disclosure relates to water control and meter-
ing. More specifically, this disclosure relates to physical
adjustment and locking mechanisms for use in a meter
assembly.

BACKGROUND

[0003] It can be advantageous to be able to track the flow
of a fluid, such as water, through a fluid distribution system.
Water is typically supplied and tracked by a public or private
water utility, typically for a fee and often with the oversight
of the local municipality. Water providers deliver water to
businesses and individuals via piping systems. A piping
system could be an upstream piping system, including a
system to carry water from a water provider to a meter, or
a downstream piping system, including a system to carry
water from a meter to a user terminal. Because water
providers typically sell water by unit volume, there exists a
need to measure water flow to a user terminal to generate a
water bill. The user terminal may include an individual
residence, a place of business or any other point of termi-
nation of the water flow. Typically, a water meter is placed
in the water supply line between the water source and the
user terminal to measure all water flowing to that user
terminal. Meters are read and checked against prior readings
to determine the total flow of water to the user terminal.
[0004] When a meter such as a water meter is installed or
serviced, it can be advantageous for the position or orien-
tation of various components of the meter to be adjustable in
order to provide more convenient access to a portion of the
meter or to improve the effectiveness of the meter. Some
meters are installed in an enclosure that provides limited
clearance around the meter. In addition, because a meter is
sometimes the primary device to determine the usage of a
fluid by each user and by extension the payment due from
each user, it can be advantageous to prevent tampering with
or any kind of modification of the meter by unauthorized
individuals. Tampering of a meter, especially tampering that
goes undetected, can result in some consumers paying too
little or too much for the product that they consume.

SUMMARY

[0005] Disclosed is a meter assembly including a first
housing; a second housing; and a retaining fastener con-
necting the second housing to the first housing, the second
housing adapted to rotate relative to the first housing.
[0006] Also disclosed is a meter assembly including a
housing; a linkage arm; and a retaining fastener connecting
the linkage arm to the housing, the linkage arm adapted to
rotate relative to the housing.

[0007] Also disclosed is a method of assembling a meter
assembly including a register housing and a meter housing,
the method including aligning the register housing with a
meter housing; securing the meter housing to the register
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housing with a retaining fastener by pushing the register
housing onto the meter housing; and rotating the register
housing relative to the meter housing to a desired rotation
angle.

[0008] Also disclosed is a meter assembly comprising: a
meter housing comprising a top portion, the top portion
comprising a mounting boss, the mounting boss comprising
an engagement hook and protruding axially from a top
surface of the top portion of the first housing; a register
housing connected to the top portion of the first housing and
configured to rotate with respect to the first housing about a
rotation axis; and a retaining fastener connecting the second
housing to the first housing, the retaining fastener compris-
ing a one of a hook and a flange configured to engage the
mounting boss and a one of a hook and a flange configured
to engage the second housing.

[0009] Also disclosed is a meter assembly comprising: a
housing comprising a socket defining an axis; a linkage arm
comprising a register end positioned at least partly within
the socket; and a retaining fastener connecting the register
end of the linkage arm to the housing, the linkage arm
configured to rotate relative to the housing while fixed in an
axial direction defined by the axis.

[0010] Also disclosed is a method of using a meter assem-
bly, the method comprising: rotating a register housing of
the meter assembly relative to a meter housing of the meter
assembly about a rotation axis to a desired rotation angle, the
register housing secured to the meter housing with a retain-
ing fastener; and rotating a linkage arm to a desired rotation
angle about a linkage arm axis, the linkage arm connected to
the register housing with a second retaining fastener, the
linkage arm connecting a communication device to the
register housing.

[0011] Various implementations described in the present
disclosure may include additional systems, methods, fea-
tures, and advantages, which may not necessarily be
expressly disclosed herein but will be apparent to one of
ordinary skill in the art upon examination of the following
detailed description and accompanying drawings. It is
intended that all such systems, methods, features, and
advantages be included within the present disclosure and
protected by the accompanying claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The features and components of the following
figures are illustrated to emphasize the general principles of
the present disclosure. Corresponding features and compo-
nents throughout the figures may be designated by matching
reference characters for the sake of consistency and clarity.
[0013] FIG. 1 is a perspective view of a meter assembly
including a meter device, a register device, and a wireless
communication device included in accordance with one
embodiment of the disclosure.

[0014] FIG. 2 is an exploded view of the meter assembly
of FIG. 1.
[0015] FIG. 3 is an exploded view of the register device of

the meter assembly of FIG. 2, also showing a linkage arm
and a retaining ring.

[0016] FIG. 4 is an exploded view of a register housing of
the register device with the linkage arm and retaining ring of
the meter assembly of FIG. 1.

[0017] FIG. 5 is a sectional view of a retaining pin of the
meter assembly of FIG. 1 inserted into the register housing
and the linkage arm taken along line 5-5 in FIG. 1.
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[0018] FIG. 6 is a top view of the retaining ring of the
meter assembly of FIG. 1.

[0019] FIG. 7 is a sectional view of the retaining ring of
FIG. 6 taken along line 7-7 in FIG. 6.

[0020] FIG. 8 is a detailed sectional view of the retaining
ring taken from detail 8 of FIG. 7.

[0021] FIG. 9is a sectional view of the assembled register
housing and retaining ring, together assembled with a meter
housing, taken along line 9-9 of FIG. 2 and line 9-9 of FIG.
5.

[0022] FIG. 10 is a detailed sectional view of the register
housing and retaining ring of FIG. 9, together assembled
with a meter housing, taken from detail 10 of FIG. 9.
[0023] FIG. 11 is a perspective bottom view of an
assembled register housing and retaining ring in accordance
with another embodiment of the disclosure.

[0024] FIG. 12A is a bottom view of the assembly of FIG.
11.
[0025] FIG. 12B is a detailed bottom view of the assembly

of FIG. 11 taken from detail 12B of FIG. 12A.

[0026] FIG. 13 is a detailed perspective view of the
assembly of FIG. 11.

[0027] FIG. 14 is a detailed perspective view of the
register housing of the assembly of FIG. 11.

[0028] FIG. 15 is a detailed perspective view of the
retaining ring of the assembly of FIG. 11.

[0029] FIG. 16 is a side view of the retaining pin of FIG.
5

[0030] FIG. 17 is a sectional view of the retaining pin of
FIG. 5 taken along line 17-17 in FIG. 16.

[0031] FIG. 18 is an end view of the retaining pin of FIG.
5.

DETAILED DESCRIPTION

[0032] Disclosed is a meter assembly and associated meth-
ods, systems, devices, and various apparatus. It would be
understood by one of skill in the art that the meter assembly
and the physical adjustment and locking mechanisms
described herein are described in but a few exemplary
embodiments among many. No particular terminology or
description should be considered limiting on the disclosure
or the scope of any claims issuing therefrom.

[0033] One embodiment of a meter assembly 1000 is
disclosed and described in FIG. 1. Meter assembly 1000
includes a meter device 100 and a register device 2000.
Meter device 100 includes meter housing 110, and register
device 2000 includes register housing 210. Register housing
210 of register device 2000 is connected to the top of meter
housing 110 of the meter device 100. Various embodiments
of meter assembly 1000 also include a communication
device. The communication device in some embodiments
may be a wireless communication device 3000. In the
current embodiment, the wireless communication device
3000 is part of a mesh network where the mesh network
includes a remotely-located communicator. The remotely-
located communicator may be operated by a municipality, a
technician, a service provider, or another entity. The
remotely-located communicator may be any communication
device or system including a computer, a server, a gateway,
another meter assembly, a handheld device, a mesh network,
or any other device or system capable of communicating
with the wireless communication device 3000. In various
embodiments, a linkage arm 190 is provided for attachment
of the wireless communication device 3000 to the register
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device 2000. A retaining pin 180 secures the linkage arm 190
to the register housing 210 in various embodiments, though
other retaining fasteners may secure the linkage arm 190 to
the register housing 210 in various embodiments.

[0034] In various embodiments, the wireless communica-
tion device 3000 is secured to the linkage arm 190 through
a snap-fit connection. In various embodiments, the wireless
communication device 3000 is secured to the linkage arm
190 through the use of fasteners including but not limited to
screws or pins. In various embodiments, the wireless com-
munication device 3000 incorporates the linkage arm 190 or
the linkage arm 190 incorporates the wireless communica-
tion device 3000. In various embodiments, the connection is
separable without damage to either the wireless communi-
cation device 3000 or the register device 2000. In various
embodiments, the connection is not separable without dam-
age to at least part of the connection, i.e. any tampering with
the connection between wireless communication device
3000 and register device 2000 design that causes the con-
nection to break will be detectable and also inherently
tamper-resistant.

[0035] The meter housing 110 of meter device 100 forms
the main body through which water flows, from inlet 120 to
outlet 130. The threaded connections shown are inlet thread-
ing 122 and outlet threading 132, although other types of
connections are considered within the scope of this disclo-
sure. In various embodiments, inlet threading 122 and outlet
threading 132 will meet the industry-standard specifications
of the external straight pipe threads (NPSM) of ANSI
B1.20.1. In various other embodiments, inlet threading 122
and outlet threading 132 will vary from the external straight
pipe threads (NPSM) of ANSI B1.201. In this disclosure,
references to “top”, “bottom”, “up”, “down”, “upward”,
“downward”, “horizontal”, or “vertical” refer to the meter
assembly 1000 as oriented in FIG. 1. Various features of the
meter assembly 1000 may be altered, reoriented, reconfig-
ured, replaced, rotated, or moved in alternative embodi-
ments. No one configuration is intended to be limiting on
this disclosure.

[0036] The meter device 100 includes a meter (not shown)
that is located inside meter housing 110. A bottom cap 150
covers a bottom opening defined in the meter housing 110,
the bottom cap 150 and meter housing 110 fully enclosing
the meter. Although the current embodiment includes a
meter housing 110 with a partially integrated construction
using plastic welding of components, various embodiments
are included in this disclosure and may include but are not
limited to a partially integrated construction with a sepa-
rately attached cover.

[0037] Register device 2000 includes the register housing
210 and a register lid 220. Register lid 220 pivots open and
closed about a pair of hinge pins 2154,6 (21556 shown in
FIG. 4) so that a display interface 315 (shown in FIG. 3) of
an electronic module 310 (shown in FIG. 3) is exposed for
viewing. In various embodiments, the register housing 210
is substantially circular in horizontal cross section to facili-
tate rotation of register housing 210 with respect to meter
housing 110, but in other embodiments the shape of register
housing 210 will not be substantially circular or only that
portion of register housing 210 that rotates with respect to
meter housing 110 will be substantially circular, and the
shape of the register housing 210 should not be considered
limiting on the current disclosure.
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[0038] Also included in various embodiments of register
device 2000 are hooks 230a,b (2306 shown in FIG. 9).
Hooks 230a,b may be used as a wire management device to
secure wiring between the register device 2000 and the
wireless communication device 3000 or to simply secure
wiring for which no connection is required but where it is
advantageous to keep wiring off the ground or out of the way
of other components. Additionally, hooks 2304, may serve
as a strain relief device by bearing the load of the meter
assembly 1000 or any portion thereof instead of a soldered
wire connection bearing the load when someone picks up the
meter assembly 1000 or any portion thereof by the wiring.
[0039] In various embodiments, it is possible for register
device 2000—and those other elements of meter assembly
1000 which are attached to register device 2000—to rotate
counterclockwise (CCW) or clockwise (CW) with angular
displacement R1 in a horizontal plane about an axis Al
shown. In various embodiments, it is also possible for
wireless communication device 3000 and linkage arm 190 to
rotate counterclockwise (CCW) or clockwise (CW) with
angular displacement R2 in a vertical plane about an axis A2
shown. In various embodiments, there is no maximum
possible angular displacement R1 or R2 and the wireless
communication device 3000 and the linkage arm 190 are
free to rotate to any angle. In various other embodiments,
there is a maximum possible angular displacement R1 or R2
and a mechanical stop may be present to prevent rotation of
either the wireless communication device 3000 or the link-
age arm 190 past a desired angular displacement R1 or R2.
Whether or not there is a maximum possible angular dis-
placement R1 or R2, there is in various embodiments a
maximum recommended angular displacement for best per-
formance depending on the application, and in various other
embodiments there is not a maximum recommended angular
displacement.

[0040] Water flows through the meter housing 110 by
flowing into the inlet 120 and out of the outlet 130. The inlet
120 includes an inlet end 121, an inlet threading 122, and an
inlet opening 123. The outlet 130 includes an outlet end 131,
an outlet threading 132, and an outlet opening (not shown).
The inlet threading 122 and the outlet threading 132 allow
for attachment to a piping system, including an upstream
piping system or a downstream piping system or both. Water
flows into the inlet 120 from a provider or water source and
out of the outlet 130 to a home, office building, or other user
terminal. Both the inlet 120 and the outlet 130 are attachable
to the piping system via the inlet threading 122 and outlet
threading 132, respectively, with a coupling nut (not shown)
in various embodiments.

[0041] In the current embodiment, the meter housing 110
is dimensioned so that it can fit within a standard water
meter lay-length, though the meter housing 110 may be
dimensioned differently in various embodiments depending
on the space provided for the meter housing 110. The
standard water meter lay-length of a standard water meter is
designated in various industry standards documents, includ-
ing the American Water Works Association (AWWA). The
AWWA C700 standard requires 7.5 inches standard water
meter lay-length for meters with %-inch piping diameter.
Other AWWA standards, such as C708 and C710, also
specify the same laying lengths for meters of like sizes.
[0042] Disclosed in FIG. 2 is an exploded view of the
meter assembly 1000. Meter assembly 1000 is shown with
bottom cap 150 removed from meter housing 110. When
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assembled, threading 155 of bottom cap 150 is assembled to
threading 275 of a bottom portion 270 of meter housing 110
of meter device 100. Other methods for attaching a bottom
cap 150 or bottom plate (not shown) to the meter housing
110 are considered as part of this disclosure including, but
not limited to, a screw and bore attachment or a welded
attachment. To facilitate wireless communication capabili-
ties, the meter housing 110 may be composed of brass,
bronze, plastic, aluminum, or other non-ferrous material.
The meter housing 110 may also be made of ferrous mate-
rials based on the specific application.

[0043] Meter housing 110 also includes top portion 280. In
various embodiments, top portion 280 includes a mounting
boss 290, which functions as a register connection interface.
In various embodiments, mounting boss 290 includes a
plurality of engagement hooks 295a,b,¢,d. Engagement
hooks 2954,5,c¢,d can also be described as engagement teeth,
engagement protrusions, or engagement tabs. In various
embodiments, mounting boss 290 includes only one engage-
ment hook. In various embodiments, mounting boss 290
includes no engagement hook. In various embodiments,
mounting boss 290 protrudes axially from a top surface 285
of top portion 280 of meter housing 110 along axis Al. In
various embodiments, engagement hooks 295a,b,¢,d pro-
trude radially from mounting boss 290 with respect to axis
Al to provide structure to which retaining ring 205 can
attach. Engagement hooks 295a,b,c,d of register housing
210 define a circle of diameter D1 around axis Al and have
a width W1. In various embodiments, W1 will be the same
for each engagement hook 295. In various other embodi-
ments, W1 will vary for one or more engagement hooks
295q,b,c,d. In various embodiments, engagement hooks
295a,b,c¢,d of top portion 280 of meter housing 110 could be
replaced in various embodiments with a tooth-like protru-
sion having the same cross-section as engagement hooks
295a,b,c,d but extending around the full perimeter of top
portion 280. The meter housing 110 of meter device 100 is
sized to accommodate the meter that is located inside meter
housing 110. The thickness of each of the walls of meter
housing 110 is sized to accommodate the water pressure of
the piping system and may be variable or constant depend-
ing on the method of manufacture and other factors.

[0044] The meter housed within meter housing 110 of
meter assembly 1000 is a nutating disc displacement flow
meter in the current embodiment. However, other meter
types may be used with the meter device 100 of meter
assembly 1000 in various embodiments. In various embodi-
ments, the retaining ring 205 attaches register device 2000
to meter device 100 along axis Al and the linkage arm 190
is used to attach the wireless communication device 3000 to
the register device 2000 along axis A2. Retaining ring 205
can also be considered to be part of a broader category of
retaining fasteners.

[0045] Disclosed in FIG. 3 is an exploded view of the
register device 2000, the linkage arm 190, and the retaining
ring 205 of the meter assembly 1000. Register device 2000
is shown with the register housing 210 which itself incor-
porates the hinge pins 2154,6 (2156 shown in FIG. 4). In
various embodiments, register device 2000 is assembled
along axis Al and also includes the electronic module 310
which itself incorporates the display interface 315. In vari-
ous embodiments, register device 2000 also includes a
faceplate 320, a lens 330, and the register lid 220. In various
embodiments, display interface 315 includes a display of
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figures associated with the operation of the meter assembly
1000, including the amount of fluid that has flowed through
the meter assembly 1000 as measured by the meter assembly
1000. In the current embodiment, the display interface 315
is a liquid crystal display (“LCD”), though the display
interface 315 may be a different type of interface in other
embodiments, such as a mechanical revolution counter. In
various embodiments, lens 330 is sufficiently transparent to
allow the display interface 315 to be viewed. In various
embodiments, a set of hinge bores 225a,b (2256 shown in
FIG. 2) is mountable on hinge pins 2154, such that register
lid 220 rotates open to expose the aforementioned internal
components of register device 2000. In the current embodi-
ment, register lid 220 rotates between the open and closed
positions about axis A3.

[0046] Disclosed in FIG. 4 is an exploded perspective
view of the register housing 210 of the register device 2000
of FIG. 1 and the linkage arm 190 of the meter assembly
1000 of FIG. 1. Register housing 210 includes a socket 540,
which includes a bore 550 sized to accept a register end 520
of linkage arm 190 and concentric to axis A2. Register
housing 210 also includes a bore 530 sized to accept
retaining pin 180. Bore 530 of register housing 210 includes
a bore surface 531, a first side wall 534 (shown in FIG. 5),
a second side wall 536 (shown in FIG. 5), a first rounded end
wall 537, and a second rounded end wall 538. In the current
embodiment, the first side wall 534 and the second side wall
536 are parallel to each other and the first rounded end wall
537 and second rounded end wall 538 extend between each
end of first side wall 534 and the second side wall 536,
defining a stadium-shaped bore 530, though other elongated
slot shapes and other shapes may be present in various
embodiments.

[0047] In various embodiments, register end 520 of link-
age arm 190 defines a bore 510. Bore 510 can be described
as an elongated slot, annular in orientation and extending
through the thickness of one side of hollow linkage arm 190.
Bore 510 of register end 520 of linkage arm 190 includes a
bore surface 511, a first side wall 512 (shown in FIG. 5), a
second side wall 513, a first rounded end wall 514, and a
second rounded end wall 515 (shown in FIG. 3). In various
embodiments, retaining pin 180 includes a shaft 420 which
is also elongated (as shown in FIGS. 11-13) and sized such
that retaining pin 180 cannot be rotated inside the stadium-
shaped bore 510 of linkage arm 190 or inside bore 530 of
register housing 210. Rotation of the retaining pin 180 is
prevented because the distance between the first side wall
512 and the second side wall 513 of bore 510 is just large
enough for the narrowest width of shaft 420 of retaining pin
180, which is equal to dimension D4 shown in FIG. 18, but
is not large enough for the widest width of shaft 420 of
retaining pin 180, equal to dimension D3 shown in FIG. 18.

[0048] In various embodiments, register housing 210 of
register device 2000 is made from a copolyamide resin. In
various other embodiments, register housing 210 is not
made from a copolyamide resin but is made from another
polymeric material or a material having similar properties,
including but not limited to polyamides such as those in the
NYLON family, polypropylene (PP) polymer resin, acrylo-
nitrile butadiene styrene (ABS), polymers of the polyoxym-
ethylene or acetal family such as DELRIN acetal, each with
or without glass filling for strength depending on the specific
application. However, the disclosure of any of these mate-
rials should not be considered limiting.

Aug. 3, 2017

[0049] In various embodiments, linkage arm 190 of meter
assembly 1000 is made from a polymer resin, a blend of
polybutylene terephthalate (PBT) and polycarbonate (PC)
available from SABIC Innovative Plastics. In various other
embodiments, linkage arm 190 is not made from this PBT/
PC blend but is made from another polymeric material or a
material having similar properties, including but not limited
to polyamides such as those in the NYLON family, poly-
propylene (PP) polymer resin, acrylonitrile butadiene sty-
rene (ABS), polymers of the polyoxymethylene or acetal
family such as DELRIN acetal, each with or without glass
filling for strength depending on the specific application.
However, the disclosure of any of these materials should not
be considered limiting.

[0050] Also shown in FIG. 4 is the range of rotation of
linkage arm 190 allowed about axis A2 due to the incorpo-
ration of bore 510 in linkage arm 190, bore 530 in register
housing 210, and retaining pin 180. Due to the elongated
shape of bore 510 and because it is possible for retaining pin
180 to slide within bore 510 of linkage arm 190, it is possible
for the linkage arm 190 to rotate from center position C in
a direction of positive angular displacement R2 to position
E and it is possible for the linkage arm 190 to rotate from
position C in a direction of negative angular displacement
R2 to position F. In various embodiments, the maximum
positive angular displacement and the maximum negative
angular displacement are both equal to angle 6. In various
other embodiments, the maximum positive angular displace-
ment and the maximum negative angular displacement is not
equal. In various embodiments including the current
embodiment, angle 0 is equal to 70 degrees. In various other
embodiments, angle 0 is a different angle other than 70
degrees.

[0051] Disclosed in FIG. 5 is a sectional view of the meter
assembly 1000 of FIG. 1 taken along line 5-5 in FIG. 1. In
various embodiments, the retaining pin 180 is a single-use
type of retaining fastener with a head 410, the aforemen-
tioned shaft 420, a tip 430, and a pair of hooks 440a,b.
During installation, tip 430 of retaining pin 180 is pushed
into bore 530 of socket 540 of register housing 210 after
insertion of register end 520 of linkage arm 190 into bore
550 defined in socket 540 of register housing 210 to align
bore 530 with bore 510. The retaining pin 180 is then also
pushed into the bore 510 defined in linkage arm 190 until
hooks 440a,b pass through bore 510 of register end 520 of
linkage arm 190. Once installed, retaining pin 180 may not
be removed from bore 530 or bore 510 without being
damaged or at least without gaining access to and squeezing
together the hooks 440a,b so that hooks 440a,b fit back
through the bore 510 and bore 530, access which is not
possible in the current embodiment with the register device
2000 completely assembled.

[0052] In various embodiments, various sizes and shapes
of retaining pin 180 are contemplated, these embodiments
including but not limited to a round pin, a screw, a bolt, a
cotter pin, or canoe clip extending radially into matching
holes in register housing 210. In various embodiments of the
aforementioned retaining pin 180 and the meter assembly
1000, retaining pin 180 is removable without being damaged
and is therefore able to be installed more than once. In
various embodiments, the hooks 440 have a quantity other
than two as shown in the current embodiment. In various
embodiments, the hooks are not present. In various embodi-
ments, retaining pin 180 is made from polypropylene (PP).
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In various other embodiments, retaining pin 180 is not made
from polypropylene but is made from another polymeric
material or a material having similar properties, including
but not limited to acrylonitrile butadiene styrene (ABS),
polyamides such as those in the NYLON polymer family,
polymers of the polyoxymethylene or acetal family such as
DELRIN acetal, each with or without glass filling for
strength depending on the specific application. However, the
disclosure of any of these materials should not be considered
limiting.

[0053] In various embodiments, the engagement of retain-
ing pin 180 into register housing 210 and linkage arm 190
is accompanied by a tactile and/or audible snap or click or
other sound to confirm for someone who is building or
servicing or otherwise handling the meter assembly 1000,
retaining pin 180, or register housing 210 that engagement
of the retaining pin 180 has occurred. In various embodi-
ments, the engagement of these parts is also accompanied by
a visual indication. This visual indication in various embodi-
ments comes in the form of the underside of head 410 of
retaining pin 180 coming into contact with socket 540 of
register housing 210. Hooks 4404, of retaining pin 180 is
considered a snap lever in various embodiments because
hooks 440a,b each function as a lever—each with a lever
arm represented by a bendable portion rotatable about a
pivot. In various embodiments, engagement of retaining pin
180 is not accompanied by an audible snap.

[0054] Disclosed in FIG. 6 is a top view of the retaining
ring 205 of the meter assembly 1000 of FIG. 2. Retaining
ring 205 includes a plurality of engagement hooks 610
spaced apart annularly by a gap distance G1 and arranged in
a circular configuration extending radially outward along an
outer periphery of the retaining ring 205. In various embodi-
ments, the number of engagement hooks 610 is twenty. In
various other embodiments, the number of engagement
hooks 610 is more or less than twenty. Between a first end
614 and second end 615 of retaining ring 205 is another gap
distance G2 at a break point 613, approximately equal to gap
distance G1 in the current embodiment. Also included in
retaining ring 205 and various embodiments of retaining
fastener is a flange 620, which could also be considered a
ring body in the current embodiment. Retaining ring 205
defines an inner diameter D2 of flange 620. Inner diameter
D2 of flange 620 is less than outer diameter D1 (see FIG. 2)
of'engagement hooks 2954, b, ¢, d to ensure that retaining ring
205 is held captive by the 295q,5,¢,d engagement hooks of
register housing 210 once retaining ring 205 is installed. In
various embodiments, retaining ring 205 of meter assembly
1000 is made from polycarbonate. In various other embodi-
ments, retaining ring 205 is not made from polycarbonate
but is made from another polymeric material or a material
having similar properties, including but not limited to poly-
amides such as those in the NYLON family, polypropylene
(PP) polymer resin, acrylonitrile butadiene styrene (ABS),
polymers of the polyoxymethylene or acetal family such as
DELRIN acetal, each with or without glass filling for
strength depending on the specific application. However, the
disclosure of any of these materials should not be considered
limiting.

[0055] Disclosed in FIG. 7 is a sectional view of the
retaining ring 205 of FIG. 6 taken along line 7-7 in FIG. 6.
In various embodiments including that shown in FIGS. 6-7,
retaining ring 205 is radially symmetrical about axis Al
along a line extending through break point 613.
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[0056] Shown in FIG. 8 is a sectional detail view of the
retaining ring 205 taken from detail 8 in FIG. 7. In this
sectional view, retaining ring 205 is shown with a base
portion 810, a bending portion 820, and a tip 830. Bending
portion 820 includes at least a portion of outer wall 821 and
inner wall 822. Tip 830 includes at least a portion of inner
wall 822, top end 831, hook inclined wall 832, hook ledge
833, and radiused portion 834. In various embodiments,
outer wall 821 is at an angle of a2 (alpha 2) from the
horizontal, hook inclined wall 832 is at an angle of a1 (alpha
1) from the vertical, and hook ledge 833 is substantially
horizontal. Angle al is less than 90 degrees in various
embodiments to aid in manufacturing of or performance of
the retaining ring 205. Angle a2 (alpha 2) is greater than
zero degrees in various embodiments to aid in manufactur-
ing of retaining ring 205 or to aid in assembly of the meter
assembly 1000 by allowing register device 2000 to be
assembled to meter device 100 with less force due to the
smooth and angled shape of engagement hooks 610 of
retaining ring 205. With the angled shape of engagement
hooks 610, the insertion force normal to the surface of that
portion of engagement hook 610 in contact with the register
housing 210 is not only in the direction of the bending
required for the engagement hooks 610 of retaining ring 205
to clear an engagement hook 1010 (shown in FIG. 9) of
register housing 210 in order to assemble the meter assem-
bly 1000, but that normal force in some embodiments can be
made lower through use of angled mating surfaces, as a
result decreasing the frictional forces encountered during
assembly and therefore decreasing the overall force required
to push the parts together during assembly.

[0057] Invarious embodiments, the thickest portion of the
cross-section of retaining ring 205 is base portion 810
because the base portion 810 secures the retaining ring 205
to meter housing 110 of meter device 100. Because engage-
ment hooks 295a,b,c¢,d of meter housing 110 catch onto only
a portion of flange 620 of base portion 810 of retaining ring
205 in various embodiments, it can be advantageous to have
a base portion 810 that is thick enough not to twist or
otherwise deform under those loads because any attempt to
remove register device 2000 from meter device 100 with
retaining ring 205 in place places a downward force on
flange 620 of base portion 810 that deforms the ring in some
embodiments. In various other embodiments, some defor-
mation of retaining ring 205 will be acceptable during an
attempt to remove register device 2000 from meter device
100 with retaining ring 205 in place.

[0058] In various embodiments, it is advantageous for a
portion of one or more engagement hooks 610 to shear off
when register device 2000 is separated from meter device
100, for example with loading on hook ledge 833, or to
otherwise visibly break when the register housing 210 of
register device 2000 and the meter housing 110 of meter
device 100 are separated so that it can be clear that someone
or something has tampered with meter assembly 1000 by
trying to remove register device 2000 and so that the proper
authorities can be contacted. In various embodiments, the
register device 2000 itself will sense that it has been
removed from meter device 100. In various embodiments, a
sensor inside of the electronic module 310 will show an
electronic “flag” on display interface 315 communicating
that the register has been partially or completely removed
from meter device 100. In various embodiments, a sensor
inside of the electronic module 310 will communicate to the
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wireless communication device 3000 that the register has
been partially or completely removed from meter device 100
so that the proper authorities can be notified remotely
without physical inspection of the meter or so that physical
inspection of the meter can then be scheduled. If the
retaining fastener—in this case the retaining ring 205—
indicates a broken connection between the first housing, a
meter housing in various embodiments, and the second
housing, a register housing in various embodiments, when
the second housing is subsequently disconnected from the
first housing, the retaining fastener effectively serves as a
tamper-detection device. In some embodiments, it is advan-
tageous not to allow movement of register device 2000
relative to meter device 100 at all until engagement hooks
610 begin to shear or otherwise break off because the
distance between the register device 2000 and the meter
device 100 can have an effect on the proper operation of (i.e.
accuracy and reliability) of the register device 2000 and
therefore the flow readings that it produces.

[0059] Disclosed in FIG. 9 is a sectional view of the
register housing 210 assembled to a retaining ring 205' and
meter housing 110 in final assembled state. A maximum gap
distance G3 is allowed in various embodiments between
register housing 210 and meter housing 110 to allow a small
amount of play between register housing 210 and meter
housing 110 and to allow easy rotation of the register
housing 210. Gap distance G3 is sized such that register
device 2000 may record activity of meter device 100 even if
the register device 2000 and the meter device 100 are spaced
apart at the full gap distance G3.

[0060] The detailed sectional view of FIG. 10 shows
engagement hooks 2954,¢ of meter housing 110 engaging,
capturing, or locking in place, flange 620 of retaining ring
205', while engagement hooks 610 of retaining ring 205' are
shown engaging or capturing the engagement hook 1010 of
register housing 210. Engagement hook 1010 is a ring-
shaped extension on the register housing 210 extending
downward in the current embodiment, though the engage-
ment hook 1010 may be a plurality of spaced engagement
hooks extending downward from the register housing 210 in
various embodiments. Retaining ring 205' is a variation of
retaining ring 205 in which hook ledge 833' is inclined
downward as hook ledge 833' extends radially outward.
Hook ledge 833' of retaining ring 205' captures hook ledge
1030 of engagement hook 1010 of register housing 210 in
order to prevent separation of register housing 210 from
meter housing 110. When retaining ring 205 is used, hook
ledge 1030 may also be horizontal in various embodiments.
The meter housing 110, the register housing 210, and the
retaining ring 205' are sized relative to each other such that
radial spacing X between meter housing 110 and register
housing 210 allows for passage of tip 830' of engagement
hooks 610 of retaining ring 205' between meter housing 110
and register housing 210 during the assembly of register
housing 210 to meter housing 110 (and likewise, the assem-
bly of the entire register device 2000 to meter device 100).

[0061] Retaining rings 205,205' are assembled to meter
device 100 by spreading open retaining rings 205,205' in
order to increase gap distance G2 and inner diameter D2 in
order for flange 620 to fit around outer diameter D1 of
engagement hooks 2954,5,¢,d of the mounting boss 290 of
meter housing 110. Retaining rings 205,205' can then be
allowed to return to their normal circular shape, now locked
onto the meter housing 110. Once one of retaining rings
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205,205' is attached to meter device 100, register device
2000 is lowered onto meter device 100 with the one of
retaining rings 205,205' now in place. As register housing
210 of register device 2000 is lowered onto meter device 100
with the one of retaining rings 205,205' in place, inclined
wall 1020 of engagement hook 1010 of register housing 210
engages and then pushes radially inward the engagement
hooks 610 of the one of retaining rings 205,205'. Hook
inclined walls 832,832, being inclined radially inwards to
create a taper at the tips 830,830' of engagement hooks
610,1010, respectively, facilitate the radially inward move-
ment of engagement hooks 610,1010. After inclined wall
1020 of register housing 210 clears hook inclined wall
832,832' of engagement hooks 610' of the one of retaining
rings 205,205', respectively, register housing 210 is locked
into place and therefore cannot be removed without dam-
aging the one of retaining ring 205,205'.

[0062] Invarious embodiments, assembly of meter assem-
bly 1000 includes aligning the register housing 210 axially
with the meter housing 110, a bottom portion 212 (shown in
FIG. 2) of register housing 210 facing the top portion 280 of
meter housing 110, and pushing the register housing 210
onto the meter housing 110. In various embodiments, the
register housing 210 is secured to the first housing with a
retaining fastener such as one of retaining rings 205, 205'. In
various embodiments, assembly of meter assembly 1000
will further include rotating the register housing 210 relative
to the meter housing 110 to a desired rotation angle. In
various embodiments, retaining ring 205,205' or other
retaining fastener is adapted to show indication of a broken
connection between the meter housing 110 and the register
housing 210 when the meter housing 110 and the register
housing 210 are subsequently separated. In various embodi-
ments, the retaining fastener will be a separate component
such as embodied in retaining ring 205,205'. In various other
embodiments, retaining fastener will be incorporated into
the meter housing 110 or the register housing 210.

[0063] Invarious embodiments, assembly of meter assem-
bly 1000 will take place in an off-site location and instal-
lation of meter assembly 1000 will not require on-site
assembly of register device 2000 to meter device 100. In
various embodiments, register device 2000 will be
assembled to meter device 100 on-site, with or without
retaining ring 205,205', by someone other than the original
manufacturer. In various embodiments, register device 2000
will be made to retrofit older meter assemblies so that
retrofitted meter assemblies will incorporate one or more of
the aforementioned improvements. In various embodiments,
retaining ring 205,205' will also be made to retrofit older
meter assemblies together with register device 2000.

[0064] In spite of the interlocking relationship between
register housing 210 and meter housing 110 through pres-
ence of one of the retaining rings 205,205', the radial
symmetry provided by the connection makes it possible for
the register device 2000 to rotate as much as 360 degrees or
more about axis Al (as shown in FIG. 1) relative to meter
device 100 without disturbing the operation of the meter
assembly 1000. In various embodiments, the register device
2000 is able to rotate more than 360 degrees relative to the
meter device 100, allowing the register device 2000 to freely
rotate any number of rotations and to any angle. In various
other embodiments, the register device 2000 is able to rotate
up to a maximum displacement R1 of 360 degrees about axis
A1, with a mechanical stop preventing rotation beyond 360
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degrees. In various other embodiments, the mechanical stop
may be present to prevent rotation beyond an angle less than
or equal to 360 degrees, such as 350 degrees, 180 degrees or
90 degrees, and the disclosed exemplary angles of rotation
should not be considered limiting on the current disclosure.
One possible purpose of limiting the maximum rotation of
the register device 2000 relative to the remaining part of
meter assembly 1000 is to prevent a user from rotating the
register housing 210 multiple times to compromise the
accuracy of the flow amount recorded by the meter assembly
1000.

[0065] Because register device 2000 is able to rotate with
respect to meter device 100 in various embodiments, it is
possible for one who builds, installs, repairs, reads, or
otherwise handles meter assembly 1000 to orient register
device 2000 in the orientation that is most convenient for
their particular job, be it to install the meter assembly 1000,
read the flow amount on the display interface 315, or even
clean the enclosure in which the meter assembly 1000 is
located. In various embodiments, the meter assembly 1000
will be installed in a meter pit or other enclosure with limited
clearance around the meter. In these and various other
embodiments, it can be advantageous to be able to rotate the
register device 2000, linkage arm 190, and wireless com-
munication device 3000 to maneuver around pipes and/or
other obstructions or to cause the display interface 315 of
register device 2000 to be more easily readable.

[0066] In various embodiments of the meter assembly
1000, the wireless communication device 3000 may receive
signals from the remotely-located communicator, or send
signals to the remotely-located communicator, or both.
Because linkage arm 190 is able to rotate with respect to
register device 2000, it is possible for the same individual
who handles meter assembly 1000 to orient the linkage arm
190, and therefore wireless communication device 3000 and
any other components of the meter assembly 1000 that
might be attached, to an orientation that is most convenient
for their particular job, be it to install or repair the meter
assembly 1000 or to orient the wireless communication
device 3000 in such an orientation that produces the best
wireless connection or signal to or from the remotely-
located communicator (not shown).

[0067] In various embodiments, the assembly of register
housing 210 to meter housing 110 by engagement of retain-
ing ring 205,205' is accompanied by a tactile and/or audible
snap or click or other sound to confirm for someone who is
building or servicing or otherwise handling the meter assem-
bly 1000 that engagement of each of these parts of the meter
assembly 1000 has occurred. In various embodiments, the
engagement of these parts is accompanied by a visual
indication. In various embodiments, this visual indication
comes in the form of the underside of register housing 210
making contact with top surface 285 of meter housing 110.
Engagement hooks 610 of retaining ring 205,205' are con-
sidered a snap lever in various embodiments because each
function as a lever—each with a lever arm represented by a
bendable portion rotatable about a pivot. In various embodi-
ments, engagement of register housing 210 with meter
housing 110 is not accompanied by an audible snap.
[0068] In various embodiments, structure that is similar to
the engagement hooks 610 described as being part of
retaining ring 205,205' is incorporated into register housing
210 and retaining rings 205,205 are therefore not required.
In these various embodiments, engagement hook 1010
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includes multiple segments, each sized and positioned to be
bendable to slide past and then lock around or engage
engagement hooks 295 of meter housing 110. In one or more
of these various embodiments, engagement hooks 1010 will
not be damaged during assembly of register housing 210 to
meter housing 110 but will be damaged during any subse-
quent removal of register housing 210 from meter housing
110. In various other embodiments, engagement hooks 1010
will not be damaged during any subsequent removal of
register housing 210 from meter housing 110.

[0069] In various embodiments, the engagement hooks
610 that are described as being part of the retaining rings
205,205' are incorporated into meter housing 110 and the
retaining rings 205,205' are therefore not required. In these
various embodiments, engagement hook 295 defines mul-
tiple segments, each sized and positioned to be bendable to
slide past and then lock around or engage engagement hooks
1010. In one or more of these various embodiments, engage-
ment hooks 295 will not be damaged during assembly of
register housing 210 to meter housing 110 but will be
damaged during any subsequent removal of register housing
210 from meter housing 110. In various other embodiments,
engagement hooks 295 will not be damaged during any
subsequent removal of register housing 210 from meter
housing 110.

[0070] Shown in FIG. 11 is another embodiment of a
register housing 210" and a retaining ring 205" assembled
together to show the relationship between the two parts. In
various embodiments, register housing 210" and retaining
ring 205" cooperate with mounting boss 290 of meter
housing 110 to limit the rotation of register housing 210" to
no more than about one turn. In various embodiments using
retaining ring 205", the register housing 210" will rotate
between zero and less than 360 degrees about axis Al. In the
current embodiment, register housing 210' rotates between
zero and 350 degrees about axis Al. Included as part of
register housing 210' is a tab 1110. Included as part of
retaining ring 205" is a tab 1120 and a pair of tabs 1130. The
inside vertical walls of tabs 1130—specifically those inside
vertical walls substantially facing each other—are shown
spaced apart at a distance W2. In various embodiments, W2
will be larger than width W1 of engagement hooks 295a,5,
¢,d (shown in FIG. 2) to allow retaining ring 205" to install
on meter housing 110 such that the first tab 1130 is on one
side of a one of the engagement hooks 2954a,b,¢,d and the
second tab 1130 is on the other side of that same engagement
hook 295a,b,cd.

[0071] FIG. 12A shows a bottom view of the assembly of
the register assembly 210" and the retaining ring 205" shown
in FIG. 11. In the current embodiment, tab 1110 of register
housing 210’ is positioned approximately 180 degrees from
socket 540 or on the side of register housing 210" opposite
socket 540 when viewed from below the register housing
210", though the tab 1110 may be positioned at a different
angle relative to socket 540 in various embodiments.
[0072] FIG. 12B is a detailed view taken from detail 12B
in FIG. 12A showing tab 1110 of bottom portion 212' of
register housing 210" and tab 1120 of retaining ring 205".
Tab 1110 of register housing 210" defines a first side 1220
and a second side 1240. Tab 1120 of retaining ring 205"
defines a first side 1210 and a second side 1230. While the
space between retaining ring 205" and register housing 210’
is relatively small in various embodiments to help maintain
the locking relationship between the register housing and
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meter housing during assembly, there is enough space for
retaining ring 205" to rotate within register housing 210
without binding.

[0073] FIG. 13 is a detailed perspective view of the
assembly of FIG. 11 showing the interaction between tab
1110 of register housing 210' and retaining ring 205". FIG.
13 additionally shows inside wall 1310 of tab 1110 of
register housing 210' and inside wall 1320 of register
housing 210"

[0074] FIG. 14 is a detailed perspective view of the
register housing 210' of the assembly of FIG. 11. FIG. 14
shows inner walls 1410,1420 and inner wall 1430 of register
housing 210'. Tab 1110 of register housing 210" has a width
W3 as shown. In various embodiments, width W3 is sized
such that when rotated about axis Al and with respect to
retaining ring 205", tab 1110 of register housing 210" will not
be damaged, even if the first side 1220 of tab 1110 of register
housing 210' and the second side 1230 of tab 1120 of
retaining ring 205" (or if the second side 1240 of tab 1110
of register housing 210" and the first side 1210 of tab 1120
of retaining ring 205") are made to bear against one another
at maximum rotational force or maximum torque. In various
embodiments and based on the sizing of tab 1120 relative to
tab 1110, it will be tab 1120 of retaining ring 205" that breaks
under these conditions because the cost to repair or replace
retaining ring 205" is typically lower than the cost to repair
or replace register housing 210". In various embodiments,
inner wall 1430 of register housing 210" will be radially
outside inner walls 1310,1410,1420 of register housing 210.
The position of inner walls 1310,1410,1420 results in a
thicker wall at bottom portion 212' of register housing 210'
in the proximity of tab 1110 in various embodiment in order
to provide additional reinforcement for tab 1110,

[0075] FIG. 15 is a detailed perspective view of the
retaining ring of the assembly of FIG. 11. Particularly visible
in FIG. 15 is the detailed geometry of tab 1120 of retaining
ring 205". Shown between one pair of engagement hooks
610 is tab 1120, including a top 1510, an outside wall 1520,
and a radiused portion 1530 at the intersection of top 1510
and outside wall 1520. Tab 1120 of retaining ring 205"
defines a width W4 as shown. In various embodiments,
outside wall 1520 of tab 1120 is radially outside the inner
wall 1310 of register housing 210' in such a way that tab
1110 and tab 1120 cannot rotate past one another.

[0076] Retaining ring 205" is assembled to meter device
100 by spreading open retaining rings 205" in order to
increase gap distance G2 and inner diameter D2 in order for
flange 620 to fit around outer diameter D1 of engagement
hooks 2954,b,c,d of the mounting boss 290 of meter housing
110 such that tabs 1130 are positioned on either side of a one
of the engagement hooks 295a,b,c,d. Retaining ring 205"
can then be allowed to return to its normal circular shape,
now locked onto the meter housing 110. Once retaining ring
205' is attached to meter device 100, register device 2000 is
lowered onto meter device 100 with the retaining ring 205"
now in place. As register housing 210" of register device
2000 is lowered onto meter device 100 with the retaining
ring 205" in place, inclined wall 1020 of engagement hooks
1010 of register housing 210" engages and then pushes
radially inward the engagement hooks 610 of the retaining
ring 205". Hook inclined walls 832,832', being inclined
radially inwards to create a taper at the tips 830,830' of
engagement hooks 610,1010, respectively, facilitate the
radially inward movement of engagement hooks 610,1010.
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After inclined wall 1020 of register housing 210' clears hook
inclined wall 832,832' of engagement hooks 610" of the
retaining ring 205", respectively, register housing 210' is
locked into place and therefore cannot be rotated past the
maximum rotation angle or removed without damaging the
retaining ring 205".

[0077] Invarious embodiments, assembly of meter assem-
bly 1000 includes aligning the register housing 210" axially
with the meter housing 110, a bottom portion 212 (shown in
FIG. 2) of register housing 210' facing the top portion 280
of meter housing 110, and pushing the register housing 210
onto the meter housing 110. In various embodiments, the
register housing 210' is secured to the first housing with a
retaining fastener such as retaining ring 205". In various
embodiments, assembly of meter assembly 1000 will further
include rotating the register housing 210' relative to the
meter housing 110 to a desired rotation angle which, in the
current embodiment, is no more than about one turn. In
various embodiments, retaining ring 205" or other retaining
fastener is adapted to show indication of a broken connec-
tion between the meter housing 110 and the register housing
210" when the meter housing 110 and the register housing
210" are subsequently separated. In various embodiments,
the retaining fastener will be a separate component such as
embodied in retaining ring 205". In various other embodi-
ments, retaining fastener will be incorporated into or integral
with the meter housing 110 or the register housing 210'".

[0078] Invarious embodiments, assembly of meter assem-
bly 1000 takes place in an off-site location and installation
of meter assembly 1000 does not require on-site assembly of
register device 2000 to meter device 100. In various embodi-
ments, register device 2000 is assembled to meter device
100 on-site, with or without retaining ring 205", by someone
other than the original manufacturer. In various embodi-
ments, register device 2000 is made to retrofit older meter
assemblies so that retrofitted meter assemblies will incor-
porate one or more of the aforementioned improvements. In
various embodiments, retaining ring 205" is also made to
retrofit older meter assemblies together with register device
2000.

[0079] FIG. 16 shows a side view of retaining pin 180,
FIG. 17 shows a sectional view of retaining pin 180 taken
along line 17-17 in FIG. 16, and FIG. 18 shows an end view
of retaining pin 180. Shown in FIG. 18 is the elongated
shape of shaft 420 of the retaining pin 180 of the current
embodiments. The narrow width of shaft 420 is represented
by dimension D4 and the wide width of shaft 420 is
represented by dimension D3. In various other embodi-
ments, the retaining pin 180 has a shaft that is not elongated.
The description of retaining pin 180 is not intended to be
limiting on the present disclosure as other retaining pins 180
and retaining fasteners are considered as part of this disclo-
sure.

[0080] During use of meter assembly 1000 in a water
distribution system, water travels through the meter device
100 originating from a water source and entering in inlet
120. Water is permitted to travel through the meter and out
of the outlet 130. Once the water exits the outlet 130, the
water flows through the downstream piping system and,
ultimately, to one or more user terminals. Fluids other than
water may flow through meter assembly 1000 in various
other embodiments, and the disclosure of water should not
be considered limiting.
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[0081] As previously stated, the meter in various embodi-
ments is a nutating disc displacement flow meter. In a
nutating disc displacement flow meter, the water passing
through the meter (not shown) moves a nutating disc (not
shown) causing a meter magnet (not shown) to rotate. The
rotation of the meter magnet causes the electronic module
310 of the register device 2000 to log the motion, leading to
a measurement of water usage and a readout of water usage
from the register device 2000.

[0082] A register circuit (not shown) in the electronic
module 310 is configured to log the readout of water usage
at preset timing intervals in various embodiments. In the
current embodiment, the register circuit remains in a low
power mode for the majority of its operating life. Low
power, as used in this disclosure, means that the register
circuit is using a very small amount of power when com-
pared to the normal operating mode. This is commonly
referred to as being in a “sleep mode.” The register circuit
“wakes up” at preset timing intervals to read the register and
log the readout. In various embodiments, a wireless com-
munication circuit (not shown) in the wireless communica-
tion device 3000 is connected with the register circuit via
wires (not shown). In various embodiments, these wires are
routed through the linkage arm 190. The wireless commu-
nication circuit obtains the log of the register circuit and
transmits the log to a remotely-located communicator at
preset timing intervals. The preset timing interval of the
wireless communication device 3000 may or may not be the
same preset timing interval as that of the register circuit. In
various other embodiments, a separate register circuit may
not be necessary if the wireless communication device 3000
is capable of directly determining the measurement of water
usage of the register device 2000.

[0083] One should note that conditional language, such as,
among others, “can,” “could,” “might,” or “may,” unless
specifically stated otherwise, or otherwise understood within
the context as used, is generally intended to convey that
certain embodiments include, while other embodiments do
not include, certain features, elements and/or steps. Thus,
such conditional language is not generally intended to imply
that features, elements and/or steps are in any way required
for one or more particular embodiments or that one or more
particular embodiments necessarily include logic for decid-
ing, with or without user input or prompting, whether these
features, elements and/or steps are included or are to be
performed in any particular embodiment.

[0084] It should be emphasized that the above-described
embodiments are merely possible examples of implementa-
tions, merely set forth for a clear understanding of the
principles of the present disclosure. Any process descrip-
tions or blocks in flow diagrams should be understood as
representing modules, segments, or portions of code which
include one or more executable instructions for implement-
ing specific logical functions or steps in the process, and
alternate implementations are included in which functions
may not be included or executed at all, may be executed out
of order from that shown or discussed, including substan-
tially concurrently or in reverse order, depending on the
functionality involved, as would be understood by those
reasonably skilled in the art of the present disclosure. Many
variations and modifications may be made to the above-
described embodiment(s) without departing substantially
from the spirit and principles of the present disclosure.
Further, the scope of the present disclosure is intended to
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cover any and all combinations and sub-combinations of all
elements, features, and aspects discussed above. All such
modifications and variations are intended to be included
herein within the scope of the present disclosure, and all
possible claims to individual aspects or combinations of
elements or steps are intended to be supported by the present
disclosure.

That which is claimed is:

1. A meter assembly comprising:

a meter housing comprising a top portion, the top portion
comprising a mounting boss, the mounting boss com-
prising an engagement hook and protruding axially
from a top surface of the top portion of the first
housing;

a register housing connected to the top portion of the first
housing and configured to rotate with respect to the first
housing about a rotation axis; and

a retaining fastener connecting the second housing to the
first housing, the retaining fastener comprising a one of
a hook and a flange configured to engage the mounting
boss and a one of a hook and a flange configured to
engage the second housing.

2. The meter assembly of claim 1, wherein the engage-
ment hook of the mounting boss protrudes radially outward
from the rotation axis.

3. The meter assembly of claim 1, wherein the retaining
fastener comprises a plurality of engagement hooks, the
plurality of engagement hooks arranged in a circular con-
figuration extending radially outward from the rotation axis
along an outer periphery of the retaining fastener.

4. The meter assembly of claim 1, wherein each of the
plurality of engagement hooks of the retaining fastener
comprises a first hook ledge facing a second hook ledge of
the register housing.

5. The meter assembly of claim 1, wherein each of the
plurality of engagement hooks of the retaining fastener
comprises an inclined wall facing radially outward from the
rotation axis.

6. The meter assembly of claim 1, wherein the retaining
fastener includes a flange configured to engage the mounting
boss of the meter housing and a plurality of hooks config-
ured to engage the register housing.

7. The meter assembly of claim 6, wherein the flange is
positioned between the engagement hook of the mounting
boss of the meter housing and the top portion of the meter
housing.

8. The meter assembly of claim 1, wherein the retaining
fastener further comprises a tab configured to limit rotation
of the register housing with respect to the meter housing
about a common axis.

9. The meter assembly of claim 1, wherein the register
housing comprises an engagement hook, the engagement
hook comprising an inclined wall facing radially inward
with respect to the rotation axis, the engagement hook
configured to engage the retaining fastener.

10. A meter assembly comprising:

a housing comprising a socket defining an axis;

a linkage arm comprising a register end positioned at least

partly within the socket; and

a retaining fastener connecting the register end of the
linkage arm to the housing, the linkage arm configured
to rotate relative to the housing while fixed in an axial
direction defined by the axis.
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11. The meter assembly of claim 10, wherein the retaining
fastener is a retaining pin, the retaining pin including at least
one engagement hook.

12. The meter assembly of claim 11, wherein the linkage
arm includes an outer wall defining an elongated slot sized
to accept the retaining pin, the retaining pin slidable within
the elongated slot to allow the linkage arm to rotate relative
to the housing.

13. The meter assembly of claim 10, further comprising a
wireless communication device connected to the linkage
arm.

14. The method of claim 10, wherein the retaining fas-
tener is configured to visibly break when the linkage arm and
the housing are separated.

15. A method of using a meter assembly, the method
comprising:

rotating a register housing of the meter assembly relative

to a meter housing of the meter assembly about a
rotation axis to a desired rotation angle, the register
housing secured to the meter housing with a retaining
fastener; and

rotating a linkage arm to a desired rotation angle about a

linkage arm axis, the linkage arm connected to the
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register housing with a second retaining fastener, the
linkage arm connecting a communication device to the
register housing.

16. The method of claim 15, wherein the linkage arm axis
is angled with respect to the rotation axis.

17. The method of claim 15, wherein the linkage arm is
configured to rotate an angular displacement about the
linkage arm axis from a center position in a positive or a
negative direction.

18. The method of claim 17, wherein the center position
is aligned along a direction that is parallel to the rotation axis
of the register housing.

19. The method of claim 18, wherein the linkage arm is
configured to rotate up to an angular displacement of 70
degrees about the linkage arm axis from a center position in
a positive or a negative direction.

20. The method of claim 15, wherein a register end of the
linkage arm defines a bore extending through a thickness of
the linkage arm, the bore being annular in orientation and
sized to receive the second retaining fastener, the second
retaining fastener being a retaining pin, and wherein rotating
the linkage arm to a desired rotation angle about the linkage
arm axis comprises rotating the bore with respect to the
retaining pin so that the retaining pin slides within the bore.
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