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GAS REGULATOR DIAPHRAGM-POSITION AND PRESSURE-RELIEF DETECTION

RELATED APPLICATION
[0001] This application claims priority to U.S. Patent Application No. 17/127,841, filed on
December 18, 2020, titled, “Gas Regulator Diaphragm-Position and Pressure-Relief Detection,”

the entirety of which is incorporated herein by reference.

BACKGROUND

[0002] A gas regulator is a device that may be used on an incoming pipe supplying gas (e.g.,
natural gas) to regulate gas pressure before the gas enters a gas meter. In example construction of
a regulator, the incoming gas pushes against a movable diaphragm. If the pressure on the
diaphragm 1s great enough, movement of the diaphragm closes a valve, thereby shutting off gas
flow to the meter. However, if debris is caught in the valve then gas continues to leak or flow,
and the gas pressure may increase. To prevent an over-pressure event (e.g., a valve lockup-
failure), most existing gas regulators include a relief valve as a second line of defense. When gas
pressure overcomes the force of a spring holding the relief valve closed, the relief valve opens to
vent gas into the atmosphere. The relief valve thereby prevents over-pressure damage to
appliances, gas lines, etc.

[0003] While the relief valve performs an important safety function, venting natural gas is
undesirable because natural gas is a greenhouse gas, a form of air pollution, a fire and/or explosive
hazard, and a valuable commodity. Accordingly, there is a need to understand the locations, times
and relationships of such gas venting events. Moreover, there is a need to lessen the number of

venting instances, and to thereby prevent the adverse effects of natural gas venting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The detailed description is described with reference to the accompanying figures. In the
figures, the left-most digit(s) of a reference number identifies the figure in which the reference
number first appears. The same numbers are used throughout the drawings to reference like
features and components. Moreover, the figures are intended to illustrate general concepts, and
not to indicate required and/or necessary elements.

[0005] FIG. 1 is a view of a gas pressure regulator and a gas meter, configured at a customer site.
[0006] FIG. 2 is a view of the gas pressure regulator, showing input and output ports, and an

over-pressure relief vent.
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[0007] FIG. 3 shows a cross-sectional view of an example gas pressure regulator including the
diaphragm, and a first example sensor component, an input port, a gas shutoff valve, a gas venting
port, and an output port.

[0008] FIG. 4 shows an enlarged cross-sectional view of an example gas pressure regulator
including optional or example detail of the first example sensor component and a second example
sensor component.

[0009] FIG. 5 shows a view of a gas pressure regulator and externally mounted radio frequency
(RF) communications device.

[0010] FIG. 6 shows a system including an incoming gas line, a gas pressure regulator,

gas meter, and communications wiring between the gas pressure regulator and the gas meter.

[0011] FIGS. 7A, 7B, 7C are respective parts a flow diagram showing example operation
of a sensor within a gas pressure regulator.

[0012] FIG. 8 is a map of a region within an example gas delivery and/or distribution
system.

[0013] FIG. 9 is a diagram showing example aspects of a gas pressure relief monitor.
[0014] FIGS. 10A and 10B are respective parts of a flow diagram showing example

operation of a gas pressure relief monitor.

DETAILED DESCRIPTION
Overview
[0015] A gas pressure regulator provides gas at a regulated pressure to an associated gas
meter, both of which are typically seen on an outside wall of a home or building. The disclosure
describes devices and operational techniques by which the gas pressure regulator may provide
an indication (e.g., signal or message) of an over-pressure event, a valve-closing failure, a valve
lock-up failure, a venting event, and/or a near-venting event of gas into the atmosphere. If gas
pressure within a regulator 1s sufficiently high, a valve-closing (i.e., a regulator lock-up) should
result, wherein the main valve of the gas regulator closes. A successful valve-closing prevents
gas from passing through the gas regulator and into a gas meter and/or the customer’s
appliances. The main valve remains closed as long as the gas pressure against a diaphragm of
the gas regulator is great enough to hold the main valve in the closed position.
[0016] If debris 1s caught in the main regulator valve, then the valve-closing (i.e., the

regulator valve lock-up) could fail. In such an event, gas continues to flow (perhaps slowly) into
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and through the regulator. As pressure builds, the spring that holds the venting valve in the
closed position may be overcome, allowing the venting valve to open and vent gas.

[0017] The techniques describe the use of sensor(s), communication devices, etc., to
monitor and report movement of the diaphragm, the venting valve, and/or other regulator
components. Signals, messages, etc., provide information about the operation of the regulator,
pressure, venting, etc.

[0018] In a single example for purposes of illustration only, a sensor obtains information
indicating a relative position of a stop stem of a gas regulator and a diaphragm pin of the gas
regulator. Gas pressure within the regulator may increase, such as from debris in the regulator
that prevents the main valve from fully closing. As pressure increases within the regulator and
pushes on the diaphragm, the diaphragm pin moves toward and/or touches the stop stem. A
signal may be sent from the sensor of the regulator, and may be relayed by an associated gas
meter. The signal may contain information based at least in part on data from the sensor, and
which may indicate a lock-up failure event and/or a venting event by the gas regulator.

[0019] Techniques discussed herein also provide for the collection and use of data
indicating if a gas regulator within a gas distribution system has one or more over-pressure
events, valve-closing failure events, lock-up failure events, and/or venting events, wherein gas is
vented to the atmosphere. The data may identify the identity of gas regulators at which the lock-
up failure events or gas-venting events occurred. Based at least in part on the identified gas
regulators, a number of gas regulators having at least one of lock-up failure (valve closure
failure) events or venting events that are connected to a same gas supply line may be identified.
If the number of gas regulators having at least one of lock-up failure events or venting events on
the identified gas supply line exceeds a threshold number this may indicate the presence of
debris in the gas supply. Remedial steps may be taken, and the situation may be monitored and

reassessed.

Example Gas Regulator Sensor

[0020] FIG. 1 is a view of a gas pressure regulator 100, a gas meter 102 and an incoming
gas line 104, configured at a customer site. The gas pressure regulator 100 limits the pressure of
the gas that 1s sent to the gas meter 102 through pipe 106. The gas pressure regulator 100 is
configured to include sensor(s) and to operate according to techniques that provide an indication
(e.g., signal or message) of an over-pressure event, a valve-closing failure, a lock-up failure, a

venting event, and/or a near-venting event of gas into the atmosphere, as described herein.

3
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[0021] FIG. 2 is a view of the gas pressure regulator 100, showing an input port 200, an

output port 202, and an over-pressure gas relief port or vent 204.

Example Sensor Units and Regulator Operation

[0022] FIGS. 3 and 4 show cross-sectional views of portions of the gas pressure regulator,
including two example sensor units. In some example implementations of the gas regulator, one
of the two example sensor units may be used. In other example implementations of the gas
regulator, both sensor units may be used. In still further example implementations of the gas
regulator, alternative sensor units and sensor technologies, known to those trained in the art, may
be substituted for the sensor units shown while still in keeping with the teachings and
descriptions of the disclosed gas regulator.

[0023] FIG. 3 shows a cross-sectional view of the gas pressure regulator 100 having a
sensor 300. In an example, the sensor 300 and/or other devices provide an indication (e.g.,
signal or message) of an over-pressure event, a valve-closing failure, a lock-up failure a near
gas-venting event, and/or a gas-venting event, wherein gas is vented into the atmosphere. In the
example of FIG. 3, the sensor 300 1s mounted on the stop stem 320. The stop stem 320 may be
connected to a threaded cap 322. In installation, a stop stem without a sensor may be removed,
and a stop stem with a sensor may be attached by advancing the threaded cap into a threaded
port 324 of the regulator. The sensor 300 is configured to measure the distance between the
diaphragm pin and the stop stem (better seen in FIG. 4). If the diaphragm pin contacts the stop
stem, the force exerted by one or both may be measured by the sensor 300. The signal sent by
the sensor 300, and information contained therein, may be based at least in part on the distance
and/or the force.

[0024] In typical operation, gas enters the regulator at the input port 200 and flows
through a hollow bolt 302. Gas flows past the open valve 304 and exits the output port 202.

Gas on the output port side of the valve 304 has access to the right side of the diaphragm 306
and/or the diaphragm plate 308 (right side, in the orientation of FIG. 3). Accordingly, if an
appliance uses gas, the gas pressure on the downstream side of valve 304 is lowered. The
allows the spring 310 to extend due to the lessened gas pressure. This moves the arm 312 and
associated valve mover 314. In some configurations, the valve mover 314 may be a portion of
the arm 312. Movement of the valve mover 314, away from the valve 304 allows the valve to
move away (e.g., under power of a spring, not shown) from the hollow bolt 302, to thereby

allow more gas to flow.
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[0025] However, if an appliance stops using gas, or uses less gas, this causes gas pressure
to build up at the output port 202. Accordingly, gas pressure on the right side (in the orientation
of FIG. 3) of the diaphragm 306 and/or diaphragm plate 308 is reduced. This causes the arm
312 to move, and the valve mover 314 to close the valve 304 against the hollow bolt 302,
thereby fully or partially close the valve 304. With the valve 304 closed, additional pressure
does not build up on the right side of the diaphragm.

[0026] In some instances, a piece of debris becomes caught between a perimeter or flange
of the hollow bolt 302 and the valve 304. In such instances, the valve 304 fails to seat properly
(e.g., in a leak-free manner) on the hollow bolt 302. In this circumstance, gas may continue to
trickle through the partially closed main valve 304. In consequence, an over-pressure event—
which could also be described as a valve-closing failure and/or a valve lock-up faillure—may
result.

[0027] Referring to FIG. 3 to illustrate an example of the valve-closing failure, while
demand for gas is reduced or non-existent, debris prevents the valve from closing tightly, and at
least some gas continues to flow. The gas flow passes through the valve and into the area to the
right of the diaphragm. Since an appliance is not using gas, pressure builds up on the
diaphragm. The diaphragm 306 and plate will move to the left (in the orientation of FIG. 3)
until the pin attached to the plate 308 contacts the stop stem 320. At that point, the gas pressure
continues pushing on the diaphragm, but the plate can’t move, due to the contact. Accordingly,
the plate separates from the diaphragm and gas moves through a hole in the center of the
diaphragm (not shown) that the plate was covering. Thus, gas moves from the right side of the
diaphragm to the left side of the diaphragm. Once on the left side of the diaphragm, gas pushes
on relief valve 318 and exits through port 204. The spring 316 typically provides only very light
resistance, so once the gas makes it to the left side of the diaphragm it is able to pass through the
relief valve 318 and through port 204. This venting of gas may continue intermittently until the
main valve 304 is able to properly seat against the hollow bolt 302 and/or the customer begins to
use gas, thereby lowering the gas pressure. In some instances, the movement of gas will
dislodge the debris.

[0028] In such venting and/or near venting conditions, the sensor 300 (and/or the sensor
400 of FIG. 4) may send a signal that is based at least in part on the distance between and/or the

force of the diaphragm pin acting on the stop stem.
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Example Monolithic and Compound Sensors

[0029] FIG. 4 shows an enlarged cross-sectional view of a portion of the gas pressure
regulator 100, including the example diaphragm-movement sensor 300 and a second example
relief valve-movement sensor 400. In some examples, the sensors 300 and/or 400 are
monolithic, in that the sensor senses distance and/or movement (or pressure or force resulting
from movement) of a regulator component without the aid of a supporting unit.

[0030] In other examples, the sensor unit is compound, with an active sensing unit and a
supporting or passive unit or device. In examples, the sensor unit may send a signal and/or
detect a responsive signal that is reflected, caused, etc., by a supporting or passive unit. The
base unit may measure optical, magnetic, acoustic, capacitive, radio frequency, etc., conditions,
while the supporting unit may be optically or acoustically reflective, magnetic, etc. The active
sensor unit 300 (e.g., an optical sensor or a capacitive sensor) may be mounted on a first
component (e.g., the stop stem). The passive, supporting and/or corresponding device 402 (e.g.,
an optical reflector or a capacitive component) mounted on a second component (e.g., a
diaphragm pin). In some examples, the locations of the active and passive sensor components

may be reversed.

Example Sensor to Detect Diaphragm Movement

[0031] In one example illustrated by FIG. 4, a sensor 300 mounted on, or is part of, the
stop stem 404 of the regulator. The sensor 300 measures a distance between the stop stem 404
and the diaphragm pin 406. In some examples, the sensor 300 measures the distance at
prescribed intervals of time. In some examples, the measurements may be made more
frequently if a location of the diaphragm 306 indicates greater gas pressure in the regulator 100.
The sensor 300 may be a photo-sensitive transistor, camera, capacitive sensor, mechanical
sensor, acoustic sensor, or other technology or design as known to engineers. While the sensor
1s shown mounted on the stop stem 404, it could alternatively be mounted on the diaphragm pin
406.

[0032] In the event that the sensor 300 is mounted on the stop stem 404, the diaphragm
pin 406 may be optically reflectorized and/or patterned, magnetic, and/or otherwise treated or
configured (e.g., with passive sensor component 402) to reduce the power needed for operation

of the sensor 300 and/or to increase the accuracy of the sensor.
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[0033] In some examples, the sensor 300 is able to measure the force associated with
contact between the stop stem 404 and diaphragm pin 406. The force may be translated to a
pressure of the gas pushing on the diaphragm, and may indicate an over-pressure event (i.e., a
valve lock-up failure), etc.

[0034] Measurement of movement and/or location of the diaphragm 306 (such as by
measuring the distance between, the stop stem 404 and the diaphragm pin 406) is not dispositive
regarding venting of gas from the regulator. However, a signal from a sensor 300 indicating
movement of the diaphragm may provide an early-warning signal indicating that
remedial/corrective action should be taken to prevent future venting. Also, movement or
location of the diaphragm 306 (e.g., as recognized by the sensor 300) over a threshold (or a
measured force over a threshold) may strongly imply (or actually be dispositive evidence of)
occurrence of a gas-venting.

[0035] Referring to FIG. 4, the sensor 300 may be configured with a radio or with wiring
to send an output signal. In the example shown, a wire 408 connects the sensor 300 to a device

such as the gas meter 102 (seen in FIG. 1) for processing and/or retransmission.

Example Sensor to Detect Relief Valve Movement or Opening

[0036] In an example illustrated by FIG. 4, a sensor 400 is mounted in the vent port 204
of the regulator 100. The sensor 400 may alternatively be mounted in a different location within
the gas pressure regulator 100 where it is also able to detect movement of the relief valve 318
and/or movement of the relieve valve spring 316. In a manner similar to the sensor 300, the
sensor 400 maybe of any desired technology suited to the particular mounting location, power
availability, output-signal design requirement(s), space-availability and/or form-factor
constraints, etc. Mounting the sensor 400 in the vent port 204 of the regulator allows the sensor
to be installed without disassembling the regulator 100. Additionally, if the sensor 400 has a
threaded bracket 410 and vent port 204 has internal threads 412, then installing the sensor 400 in
the vent port 204 is a matter of rotating the sensor 400 to a position that allows the sensor to best
detect movement of the relief valve 318.

[0037] In the example, the sensor 400 detects and/or measures movement of the relief
valve 318 of the gas regulator 100, and can detect instances of gas-venting. In operation, a
signal based on the measurements and/or the detected movement is output from the sensor 400

and transmitted by a device, such as a radio or a wire. In the example shown, wire 414 connects
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the sensor 400 to a device such as the gas meter 102 (seen in FIG. 1) for processing and/or

retransmission.

Example Sensor Installation

[0038] In a first example, the sensor 300 may be installed in a gas pressure regulator at
the time of manufacture or may be installed as a retrofit in a “used” gas pressure regulator while
it is in operation at a customer’s site. The stop stem of a gas pressure regulator may be removed
and a new stop stem 404 having a sensor 300 may be installed in its place. In some examples,
such as when the sensor 300 is an optical sensor, the diaphragm pin 406 may be enhanced (such
as by installation of an optically reflective cap or other passive device 402) to aid in uniform and
expected light reflection. The installation of the replacement stop stem 404 with sensor 300 may
be performed by simply unscrewing an existing stop stem (if present, e.g., a retrofit) and
screwing in the replacement stop stem 404 and sensor 300.

[0039] In a second example, the relief valve movement detection sensor 400 may be
installed in a gas pressure regulator at the time of manufacture or may be installed in a “used”
gas pressure regulator while it is in operation at a customer’s site. In a manner similar to the
installation of the sensor 300, the sensor 400 may be installed in the threaded vent port 204 of
the regulator. The sensor 400 and threaded connector 410 may be threaded into the threaded
portion 412 of the vent port 204. If the vent port is not threaded, the sensor 400 having an

associated bracket may be friction-fit into the vent port.

Example Radio Frequency (RF) Communications System

[0040] FIG. 5 shows a system including a gas pressure regulator 100 and externally
mounted radio 500. In the example shown, a radio is configured to receive a signal from the
sensor (e.g., sensor 300, sensor 400, or other sensor as indicated by particular design
requirements) within the gas pressure regulator. Upon receiving the signal, the radio 500 relays
the signal and/or information based at least in part on the signal to a receiver. The receiver may
be located at or within a gas meter associated with the gas pressure regulator. In some
examples, the radio 500 communicates with a headend device through a mesh and/or cellular
network (or other star-configured network), which may, or may not, include the gas meter

associated with the gas pressure regulator.
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Example Wired Communications System

[0041] FIG. 6 shows a system 600 including an incoming gas line 104, a gas pressure
regulator 100, gas meter 102, a pipe 106 from the regulator to the gas meter, and
communications wiring between the gas pressure regulator and the gas meter. In the example
shown, the sensor 602 (e.g., sensor 300, sensor 400, or other sensor as indicated by particular
design requirements) is connected by wiring 604 to circuit board 606 of the gas meter, which
may include a processor, memory device(s), a radio, along with firmware, an operating system,

software applications, and/or other processing, communications and/or other devices.

Example Methods to Operate a System for Gas Regulator Diaphragm-Position and
Pressure-Relief Detection

[0042] In some examples of the techniques discusses herein, the methods of operation
may be performed by one or more application specific integrated circuits (ASIC) or may be
performed by a general-purpose processor utilizing software defined in computer readable
media. In the examples and techniques discussed herein, the memory may comprise computer-
readable media and may take the form of volatile memory, such as random-access memory
(RAM) and/or non-volatile memory, such as read only memory (ROM) or flash RAM.
Computer-readable media devices include volatile and non-volatile, removable and non-
removable media implemented in any method or technology for storage of information such as
computer-readable instructions, data structures, program modules, or other data for execution by
one or more processors of a computing device. Examples of computer-readable media include,
but are not limited to, phase change memory (PRAM), static random-access memory (SRAM),
dynamic random-access memory (DRAM), other types of random access memory (RAM), read-
only memory (ROM), electrically erasable programmable read-only memory (EEPROM), flash
memory or other memory technology, compact disk read-only memory (CD-ROM), digital
versatile disks (DVD) or other optical storage, magnetic cassettes, magnetic tape, magnetic disk
storage or other magnetic storage devices, or any other non-transitory medium that can be used
to store information for access by a computing device.

[0043] As defined herein, computer-readable media does not include transitory media,
such as modulated data signals and carrier waves, and/or signals.

[0044] FIG. 7 is a flow diagram showing example operation 700 of a sensor within a gas
pressure regulator. In the example, a gas regulator supplies gas at a regulated pressure to a gas

meter within a gas distribution system. Without preventive actions, a lock-up failure event and
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associated venting event may result in gas vented to the atmosphere. To continue the example, a
sensor obtains information indicating a relative position components, such as the distance
between a stop stem of a gas regulator and a diaphragm pin of the gas regulator, or the position
(open or closed) of a component, such as a relief valve. Gas pressure may increase as a result of
debris in the gas flow that prevents a valve from fully closing. As pressure increases within the
regulator, and the diaphragm is moved, the diaphragm pin moves toward and/or touches the stop
stem. Information obtained by the sensor may be contained in a signal sent from the regulator.
The signal may be sent from the regulator to an associated gas meter for processing and/or for
relay to a data collector and/or headend device for processing. The signal may indicate a lock-
up failure event, over-pressure event, and/or a venting event by the gas regulator. The signal
may cause preventive actions that result in less gas venting occurrences.

[0045] At block 702, a distance from a sensor to at least one component within a gas
pressure regulator is sensed. In several examples, the component may include at least one of a
diaphragm, a diaphragm plate, a diaphragm pin, a stop stem or a relief valve of the gas regulator.
The movement and distance between these components are based at least in part on gas pressure
within the gas regulator. At block 704, examples of the distance measured by the sensor,
between the sensor and a component of the gas pressure regulator may include one or more of:
sensing/measuring a distance between a diaphragm pin of the gas regulator and a stop stem of
the gas regulator; and sensing/measuring a mechanical pressure exerted by the diaphragm pin of
the gas regulator against the stop stem of the gas regulator.

[0046] At block 706, a signal is sent based on the sensed distance. In an example, a
signal may include information sufficient to determine if, or that, gas was vented by the gas
regulator and/or if, or that, a lock-up failure event or over-pressure event occurred. In another
example, the signal may also include an indication that venting did not take place, but that the
diaphragm moved more than a threshold value, thereby indicating that venting may be likely in
the future.

[0047] In the example of block 708, example destinations to which the signal may be sent
include: a gas meter in gas-flow communication with the gas regulator; an endpoint
communication device; an in-home device; a cellular telephone; a device of a utility company
field worker; and/or a server, data collector and/or headend device.

[0048] In the example of block 710, a limited listing of sensor types, technologies and
operations includes, but is not limited to, a measured value of capacitance; a measured value of

light intensity, frequency, and/or reflectance, etc.; a measured value of electrical resistance,
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voltage, etc.; a measured value of sound intensity, frequency, and/or reflectance, etc.; a
measurement based at least in part on magnetism; or any other condition or physical
phenomenon associated with any known sensor.

[0049] In the example of block 712, the information sent may include information about a
relative position of a stop stem of the gas regulator and a diaphragm pin of the gas regulator, and
where the information is used as input to software and/or algorithms configured to determine if
the gas was vented by the gas regulator.

[0050] At block 714, aspects of the operation of the gas pressure regulator are determined
and performed. In the example of block 716, a processor may determine, based at least in part
on the signal, if a relief valve of the gas regulator vented gas. The process by which the
determination is may be performed by a processor of at least one of’ the gas regulator; a gas
meter receiving gas from the gas regulator; or a computing device at a location remote from the
gas regulator and gas meter.

[0051] In the example of block 718, the determination of whether the relief valve of the
gas regulator vented gas may be made based at least in part on information including at least one
of the following: a distance between a stop stem of the gas regulator and a diaphragm pin of the
gas regulator; an indicator of contact between the stop stem of the gas regulator and the
diaphragm pin of the gas regulator; an indication of movement of the relief valve, such as by
operation of sensor 400 of FIG. 4; or an indicator of force between the stop stem of the gas
regulator and the diaphragm pin of the gas regulator.

[0052] In the example of block 720, a time at which a relief valve of the regulator vented
gas may be determined and/or an elapsed time during which gas was vented by the gas regulator
may be determined. Such example implementations may be possible if there is sufficient power
available to the sensor(s) and/or processors.

[0053] In the example of block 722, information may be obtained about a relative
position of the stop stem of the gas regulator and the diaphragm pin of the gas regulator. In a
first example, a distance may be determined between the stop stem and the diaphragm pin at
times when the stop stem and the diaphragm pin are not in contact. In a second example, a
mechanical pressure applied to the stop stem by the diaphragm pin may be determined at times
when the stop stem and the diaphragm pin are in contact.

[0054] In the example of block 724, a relative position of a stop stem of the gas regulator
and a diaphragm pin of the gas regulator may be determined. The relative position may be used

to determine an event comprising: a gas-venting, 1.e., relief event; or a lock-up failure event.
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[0055] In the example of block 726, a sensor unit may be installed in the gas regulator
while gas 1s allowed to flow through a gas meter in gas-flow communication with the gas
regulator. Once installed, the information of the signal may be obtained from the sensor unit. In
a first example, the sensor 300 may be installed by replacing the stop stem 402 with a stop stem
having a sensor installed as part of the stop stem. In a second example, the sensor 400 may be
threaded into the vent port 204 of the gas pressure regulator. The sensor 400 may be oriented to

sense movement of the relief valve 318.

Example Systems and Devices

[0056] In an overview example, gas pressure regulators regulate pressure to a downstream
service point. Within the gas regulator, a mechanical diaphragm moves in and out as pressure
within the regulator decreases and increases, respectively. The diaphragm movement may cause
pressure against an adjusted stop stem which in turn causes a relief valve to open if the pressure
gets too high (e.g., higher than a threshold required to move the relief valve spring). The
opening of the relief valve releases some gas into the atmosphere to reduce pressure within the
gas pressure regulator. Utility companies are interested in how often gas pressure regulators at
their service points are venting gas (sometimes called “burping” within the industry), at least
because: venting can indicate possible regulator malfunction; there are concerns with excessive
natural gas emissions into the atmosphere; and gas venting can indicate excessive contaminates
in the gas supply.

[0057] In an example solution, one or more sensor can be placed on the end of the
diaphragm stop stem to detect: the distance the diaphragm is away from the stop stem (e.g. using
a capacitance sensor); and/or the amount of mechanical pressure that is being exerted by the
diaphragm’s pin on the stop stem. In examples, distance data can be used to analyze how the
regulator 1s regulating over time and if it is approaching a relief event. The amount of
mechanical pressure that is exerted on the stop stem can be used to know that relief occurred and
for how long. Analysis of data could occur either in the endpoint or in headend analytics
software. In examples, the distance and/or mechanical pressure data can be recorded by either
(a) an endpoint directly connected to the sensors in the stop stem or (b) an endpoint connected to
a nearby gas meter and cabled to the sensors in the stop stem. In example installation, the stop
stem may be part of a mechanical plug that is screwed into the diaphragm. Accordingly,

retrofitting the sensor(s) (and any appropriate hardware) on existing regulators may be
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performed using information supplied herein, and can be done without shutting off gas supply to
the service point.

[0058] Example sensor units, gas regulators, and methods of operating such devices,
include but are not limited to the below examples and numbered clauses.

[0059] 1. A method, comprising: sensing a distance from a sensor to a component of a
gas regulator; sending a signal based on the sensed distance, wherein the signal comprises
information sufficient to determine if gas was vented by the gas regulator or if a lock-up failure
event occurred.

[0060] 2. The method of clause 1, wherein the component comprises at least one of a
diaphragm, a diaphragm plate, a diaphragm pin, or a relief valve of the gas regulator.

[0061] 3. The method of clause 1 or any previous clause, wherein sensing distance
comprises at one or more of: sensing a distance between a diaphragm pin of the gas regulator
and a stop stem of the gas regulator; and sensing a mechanical pressure exerted by the
diaphragm pin of the gas regulator against the stop stem of the gas regulator.

[0062] 4. The method of clause 1 or any previous clause, wherein sending the signal
comprises: sending the signal to a gas meter in gas-flow communication with the gas regulator;
sending the signal to an endpoint communication device; sending the signal to an in-home
device; sending the signal to a device of a utility field worker; or sending the signal to a server.
[0063] 5. The method of clause 1 or any previous clause, wherein the signal is based at
least in part on: a measured value of capacitance; a measured value of light; a measured value of
electrical resistance; or a measured value of sound.

[0064] 6. The method of clause 1 or any previous clause, wherein the information
comprises information about a relative position of a stop stem of the gas regulator and a
diaphragm pin of the gas regulator, and where the information is used as input to software
configured to determine if the gas was vented by the gas regulator.

[0065] 7. The method of clause 1 or any previous clause, additionally comprising:
determining, based at least in part on the signal, if a relief valve of the gas regulator vented gas,
wherein the determining is performed by a processor of at least one of: the gas regulator; a gas
meter receiving gas from the gas regulator; or a computing device at a location remote from the
gas regulator and gas meter.

[0066] 8. The method of clause 1 or any previous clause, additionally comprising:
determining, based at least in part on the signal, if a relief valve of the gas regulator vented gas,

wherein the information comprises at least one of: a distance between a stop stem of the gas
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regulator and a diaphragm pin of the gas regulator; an indicator of contact between the stop stem
of the gas regulator and the diaphragm pin of the gas regulator; or an indicator of force between
the stop stem of the gas regulator and the diaphragm pin of the gas regulator.

[0067] 9. The method of clause 1 or any previous clause, additionally comprising:
determining a time at which a relief valve of the regulator vented gas; or determining an elapsed
time during which gas was vented by the gas regulator.

[0068] 10.  The method of clause 1 or any previous clause, additionally comprising
obtaining information about a relative position of a stop stem of the gas regulator and a
diaphragm pin of the gas regulator, wherein the information comprises: a distance between the
stop stem and the diaphragm pin at times when the stop stem and the diaphragm pin are not in
contact; and a mechanical pressure applied to the stop stem by the diaphragm pin at times when
the stop stem and the diaphragm pin are in contact.

[0069] 11.  The method of clause 1 or any previous clause, additionally comprising:
determining a relative position of a stop stem of the gas regulator and a diaphragm pin of the gas
regulator; and using the relative position to determine an event comprising: a relief event; or a
lock-up failure event.

[0070] 12.  The method of clause 1 or any previous clause, additionally comprising:
installing a sensor unit in the gas regulator while gas is allowed to flow through a gas meter in
gas-flow communication with the gas regulator; and obtaining the information from the sensor
unit.

[0071] 13. A sensor unit for installation in a gas regulator, the sensor unit comprising;:
at least one sensor component configured to measure distance between the at least one sensor
component and at least one of a stop stem, a diaphragm pin, a diaphragm plate, a diaphragm, or
arelief valve of the gas regulator; and a communication device communicatively coupled to the
at least one sensor component to send a wired or wireless signal to a processor, wherein the
signal is based on information from the at least one sensor component.

[0072] 14.  The sensor unit as recited in clause 13, wherein the signal conveys
information sufficient to determine if the gas regulator vents gas or fails to lock-up.

[0073] 15.  The sensor unit as recited in clause 13 or any previous clause, wherein the
at least one sensor component comprises: a sensor to sense a distance between two or more
components of the gas regulator; and a sensor to determine a mechanical pressure exerted by the

diaphragm pin on the stop stem.
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[0074] 16.  The sensor unit as recited in clause 13 or any previous clause, wherein the
sensor 1s calibrated to indicate when pressure in the gas regulator exceeds a pressure at which a
relief valve of the gas regulator is configured to vent gas from the gas regulator.

[0075] 17.  The sensor unit as recited in clause 13 or any previous clause, wherein the
sensor comprises at least one of: a capacitance sensor; a light sensor; a magnetic sensor; a
pressure sensor; or a camera.

[0076] 18.  The sensor unit as recited in clause 13 or any previous clause, additionally
comprising: a wired connection to attach the sensor unit to a processor of a device in gas-flow
communication with the gas regulator, wherein the device comprises one or more of: an
endpoint communication device; an in-home device; a utility field worker; or a server.

[0077] 19. A gas regulator, comprising: a diaphragm; a diaphragm pin configured to
move according to movement of the diaphragm; a stop stem in a path of movement of the
diaphragm pin; a relief valve to vent gas based at least in part gas pressure within the gas
regulator; at least one sensor component configured to measure a distance between a sensor and
the stop stem or the diaphragm pin; and a communication device communicatively coupled to
the at least one sensor component to send a signal to a processor, wherein the signal is based on
information of a relief or lock-up failure event.

[0078] 20. A system, comprising the gas regulator as recited in clause 19, and

additionally comprising: a gas meter to receive gas flow from the gas regulator.

Example Gas Regulator Monitor

[0079] The example sensor units and methods discussed above for regulator operation
describe techniques for the generation of data within a gas distribution system related to one or
more over-pressure events, valve-closing failure events, lock-up failure events, and/or venting
events, wherein gas is vented to the atmosphere. The data may identify the identity of gas
pressure regulators and associated gas metering devices at which the lock-up failure events or
gas-venting events occurred. Based at least in part on the identified gas regulators, associated
gas meters and service sites, a number of gas regulators having at least one of valve lock-up
failure (i.e., valve closure failure) events or venting events that are connected to a same gas
supply line may be identified. If the number of gas regulators having at least one of lock-up
failure events or venting events on the identified gas supply line exceeds a threshold number this
may indicate the presence of debris in the gas supply. In some examples, the threshold number

may be based at least in part on the number of service sites connected to the gas supply line

15



10

15

20

25

30

WO 2022/132283 PCT/US2021/053001

(e.g., a higher threshold value if a larger number of service sites are connect to the supply line).
Remedial steps may be taken, and the situation may be monitored and reassessed.

[0080] FIG. 8 shows a region 800 within a gas delivery and/or distribution system. In an
example, the gas delivery system within the region 800 is served by a utility company. Within
the region 800, a plurality of main gas distribution lines 802-808 are shown as an arbitrary
representation of a larger number of main gas distribution lines. The main gas lines provide gas
to a number of service sites (i.e., customers), each configured with a smart gas pressure
regulator (e.g., the regulators shown in FIGS. 3 and 4).

[0081] In the region 800, a number of smart gas pressure regulators 810-820 have
reported over-pressure events, gas venting events, and/or lockup-failures. The reported events
may have been made in a period of time having less than a threshold length. Such a threshold
period tends to increase a likelihood that the reported events are related. In one example, the
reporting may be made at least in part responsive to execution of some or all of the techniques
described in FIGS. 7A-C and/or by smart gas pressure regulators that are the same as, or similar
to, those described in FIGS. 3 and/or 4. The reporting may be made to an algorithm (e.g., by
means of an application programming interface or API) to determine if the cause of events from
among the reported events is related.

[0082] After the reported over-pressure events, gas venting events, and/or lockup-failures,
the algorithm may be used to determine if multiple reported events correlate to a common gas
line or to a common distribution region. Responsive to finding that one or both correlations are
found, the findings may be reported to appropriate personnel within the utility company to
remediate the cause(s) of the over-pressure events.

[0083] In the example shown, the algorithm determines that the over-pressure events
located at service sites associated with gas pressure regulators 810-816 are all associated with
main gas 400distribution line 808. The over-pressure events of gas pressure regulators 818, 820
are not associated with main gas distribution line 808. Moreover, the over-pressure events of
gas pressure regulators 818, 820 do not themselves have a common association with any main
gas distribution line. Accordingly, the over-pressure events of gas pressure regulators 818, 820
may each be considered to be “one off” events, unrelated to a common gas main or area of the
region 800. In contrast, the over-pressure events at service sites 810-816 are related to a
common main gas line 808.

[0084] In an example, the algorithm the reported over-pressure events may be configured

using a database or other information structure that includes relationships of the devices that
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make up the gas delivery and/or distribution system. In an example, a topology of the system is
used to determine if there is a relationship between the gas pressure regulators reporting over-
pressure events. In an example, by accessing a database having topological information, it may
be determined if service sites are related by commonly used gas mains and/or similar geographic
location.

[0085] FIG. 9 shows aspects of an example gas pressure relief system or monitor 900. A
central office 902 or server communicates over one or more networks 904 (e.g., possibly
including the internet) with a data concentrator and/or relay 906 or alternative network device.
The concentrator 906 communicates with a plurality of gas meters 908, 910, which may be
associated with respective smart gas pressure regulators 912, 914 (e.g., the smart gas pressure
regulators of FIGS. 3 and/or 4). The concentrator 906 may communicate with the smart gas
pressure regulators 912, 914 (in some examples with the assistance of their respective smart gas
pressure meters 908, 910) over a star, mesh and/or cellular network. In some example
installations, the data concentrator 906 may not be required if the smart gas pressure regulators
devices are in communication with local cellular towers.

[0086] The central office computing device 902 may be configured with a gas-regulator
pressure-relief monitor 916. In one example, the monitor 916 may receive inputs from a
plurality of smart gas pressure regulators 912, 914 and process that incoming data. Data from
the regulators 912, 914 may be relayed by respective smart gas meters 908, 910. In response,
the monitor 916 may provide data regarding the performance of a gas supply system to human
operators. In an example, the data provided by the monitor 916 would indicate gas supply
system over-pressure events, gas regulator valve-lockup failure events and/or gas venting (gas
pressure relief) events. In a further example, the monitor 916 may provide manual and/or
automatic means to correct and/or mitigate the over-pressure and gas-venting events (e.g.,
events caused by a lockup-failure of gas pressure regulators).

[0087] Processor and memory devices 918 may be configured to operate the gas regulator
pressure-relief monitor and/or software 920. In an example, the monitor 916 is configured at
least in part as software, and processes input from a plurality of smart gas pressure regulators,
including data related to over-pressure, venting and valve lockup failures. The monitor 916 may
communicate with one or more software applications, which may be located on the central
office server 902. In an example, an applications programming interface (API) 922 is used.
[0088] The monitor 916 may communicate with analytics software 924, asset tracking

software and/or a topology database 926, and/or workforce management software 928. In some
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examples, the software 924, 926, 928 may be part of the monitor 916; however, in other
examples the software 924, 926, 928 may be remote from the monitor 916.

[0089] In an example, analytics software 924 may be configured to process input from
smart gas pressure regulators and provide analytics information to an operator. In an example,
asset-tracking and/or a gas delivery system topology database 926 allows the monitor to
determine a relationship between gas meters and gas pressure regulators and their respective
gas-supply mains. Accordingly, the database 926 allows the monitor to determine if the cause of
one gas pressure regulator’s over-pressure and/or gas-venting event is possibly the same cause
of another gas pressure regulator’s event. In an example, workforce management software 928
may be used (e.g., through the API 922) to send work crews to particular areas to appropriate
locations to perform appropriate tasks to mitigate causes of over-pressure, lockup-failure, and/or

gas-venting events.

Example Methods to Operate a Gas Regulator Pressure-Relief Monitor

[0090] In some examples of the techniques discusses herein, the methods of operation
may be performed by one or more application specific integrated circuits (ASIC) or may be
performed by a general-purpose processor utilizing software defined in computer readable
media. Inthe examples and techniques discussed herein, the memory may comprise computer-
readable media and may take the form of volatile memory, such as random-access memory
(RAM) and/or non-volatile memory, such as read only memory (ROM) or flash RAM.
Computer-readable media devices include volatile and non-volatile, removable and non-
removable media implemented in any method or technology for storage of information such as
computer-readable instructions, data structures, program modules, or other data for execution by
one or more processors of a computing device. Examples of computer-readable media include,
but are not limited to, phase change memory (PRAM), static random-access memory (SRAM),
dynamic random-access memory (DRAM), other types of random access memory (RAM), read-
only memory (ROM), electrically erasable programmable read-only memory (EEPROM), flash
memory or other memory technology, compact disk read-only memory (CD-ROM), digital
versatile disks (DVD) or other optical storage, magnetic cassettes, magnetic tape, magnetic disk
storage or other magnetic storage devices, or any other non-transitory medium that can be used
to store information for access by a computing device.

[0091] As defined herein, computer-readable media does not include transitory media,

such as modulated data signals and carrier waves, and/or signals.
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[0092] FIGS. 10A and 10B are respective parts a flow diagram showing example
operation 1000 of a gas pressure relief monitor.

[0093] At block 1002, indicators of at least one of lock-up failure events or venting events
are obtained. In an example, wherein the obtained indicators identify gas regulators at which at
least one of the lock-up failure events or venting events occurred. In the further examples of
block 1004, an indicator of a first gas regulator that having at least one of a lock-up failure event
or a venting event is obtained and an indicator of a second gas regulator that included a lock-up
failure event but not a venting event is obtained.

[0094] At block 1006, based at least in part on the identified gas regulators, a number of
gas regulators having at least one of lock-up failure events or venting events that are connected
to a same identified gas supply line is determined. A larger number of events may indicate that
debris is contaminating a particular gas main. If a particular gas main is indicated, then it can be
investigated (e.g., by action of workforce management software 928 or other means).

[0095] At block 1008, it 1s determined that the number of gas regulators having at least
one of lock-up failure events or venting events on the same identified gas supply line exceeds a
threshold number. In the example of block 1010, based at least in part on the number of gas
regulators having at least one of lock-up failure events or venting events on the same 1dentified
gas supply line, an action is performed. In a first example action, at block 1012 an indication is
sent (e.g., to asset-tracking software or workforce-management software) that identifies a region
within the gas distribution system to repair to improve gas quality and to lessen at least one of
lock-up failure events or venting events. The indication may be sent via operation of the API.
In a second example action, at block 1014 gas quality may be remediated within the identified
gas supply line by at least one of: identifying a source of debris introduced into the identified
gas supply line; and/or removing the identified source of debris introduced into the identified
gas supply line.

[0096] At block 1016, a database may be accessed to identify a gas supply line of an
individual gas regulator associated with lock-up failure event or a venting event.

[0097] At block 1018, the lock-up failure event or the venting event for an individual gas
regulator associated with a lock-up failure event or a venting event may be recorded in a
database.

[0098] At block 1020, for each of a plurality of gas supply lines, a number of gas
regulators associated with a respective gas supply line having at least one of lock-up failure

events or venting events within a period of time
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[0099] At block 1022, information may be provided over an application programming
interface (API), which identifies gas regulators at which at least one of lock-up failure events or

venting events occurred and respective gas supply lines of the identified gas regulators.

Example Systems and Devices

[00100] A gas pressure regulator may have instances of pressure-relief, wherein gas is vented
to the atmosphere. A system operates to monitor such instances, and to utilize the information in a
manner that reduces such instances.

[00101] When a gas regulator goes over-pressure, it vents natural gas to the atmosphere. This
1s undesirable as natural gas is a greenhouse gas, an economic asset, and a flammable hazard.
Regulators may go over-pressure when small pieces of debris are caught in the valve mechanism that
shuts off the gas flow through the gas pressure regulator. With the debris in the valve, the regulator
will not fully shut off. If there is contamination in a pipeline distributing gas to a neighborhood, then
regulators downstream of the contamination will be susceptible to going over-pressure. In an
example, it is valuable to alert a utility company to the over-pressure events in gas pressure regulators
so they can address the issue and prevent additional natural gas venting.

[00102] The techniques discussed herein leverage the techniques discussed above. In
particular, the above-discussed advancements in regulator technology make possible the manufacture
of smart gas-pressure regulators and the retro-fit modification of existing regulators. Accordingly, a
utility company can know if a regulator goes over-pressure. The techniques discussed herein take
the reporting of over-pressure events and overlays the location of the occurrences with the gas
distribution system over an adjustable time range. In an example, an algorithm evaluates if the
multiple occurrences correlate to a common gas line or a common distribution region. Output of the
algorithm may indicate the need to notify the utility company of a problem in the area. (The
notification may be inherent, if the techniques and algorithm are operated on computing devices of
the company.) Individual, isolated occurrences of over-pressure events are recorded but no action is
recommended unless/until multiple over-pressure situations have occurred in a particular area and/or
are associated with a particular gas main.

[00103] In an example, data on the utility distribution system pipe-runs, gate valves, and
service points can be obtained through interfaces to existing utility asset tracking software. In
additional examples, the techniques could be presented as an API interface that feeds data into the
utility company’s existing asset tracking software. Once notified, the utility company can follow-up

manually to inspect the system in relevant area(s) for debris introduced by near-by construction,
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corroding pipes, and/or other causes. In other example implementations, the techniques described
herein can be linked to workforce management software to automatically schedule inspections when
problem areas are identified.

[00104] Example gas regulator pressure relief systems and/or monitors of a gas distribution
system, computer readable media, and methods of operation, include but are not limited to the below
examples and numbered clauses.

[00105] 1. A method, comprising: obtaining indicators of at least one of lock-up failure events
or venting events, wherein the obtained indicators identify gas regulators at which at least one of the
lock-up failure events or venting events occurred; determining, based at least in part on the identified
gas regulators, a number of gas regulators having at least one of lock-up failure events or venting
events that are connected to a same 1dentified gas supply line; determining that the number of gas
regulators having at least one of lock-up failure events or venting events on the same identified gas
supply line exceeds a threshold number; and based at least in part on the number of gas regulators
having at least one of lock-up failure events or venting events on the same identified gas supply line,
performing an action.

[00106] 2. The method of clause 1, wherein the action comprises remediating gas quality
within the identified gas supply line by at least one of: identifying a source of debris introduced into
the identified gas supply line; or removing the identified source of debris introduced into the
1dentified gas supply line.

[00107] 3. The method of clause 1 or any previous clause, wherein obtaining the indicators of
at least one of lock-up failure events or venting events comprises: obtaining an indicator of a first
gas regulator that having at least one of a lock-up failure event or a venting event; and obtaining an
indicator of a second gas regulator that was included a lock-up failure event but not a venting event.
[00108] 4. The method of clause 1 or any previous clause, additionally comprising: accessing
a database to identify a gas supply line of an individual gas regulator associated with lock-up failure
event or a venting event.

[00109] 5. The method of clause 1 or any previous clause, additionally comprising: recording
in a database the lock-up failure event or the venting event for an individual gas regulator associated
with a lock-up failure event or a venting event.

[00110] 6. The method of clause 1 or any previous clause, additionally comprising:
identifying, for each of a plurality of gas supply lines, a number of gas regulators associated with a
respective gas supply line having at least one of lock-up failure events or venting events within a

period of time.
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[00111] 7. The method of clause 1 or any previous clause, additionally comprising: providing
over an application programming interface (API) information that identifies gas regulators at which
at least one of lock-up failure events or venting events occurred and respective gas supply lines of
the identified gas regulators.

[00112] 8. One or more computer-readable media storing computer-executable instructions
that, when executed by one or more processors, configure a computing device to perform acts
comprising: obtaining indicators of at least one of lock-up failure events or venting events, wherein
the obtained indicators identify gas regulators at which the lock-up failure events or venting events
occurred; determining, based at least in part on the identified gas regulators, a number of gas
regulators having at least one of lock-up failure events or venting events that are connected to a same
identified gas supply line; determining that the number of gas regulators having at least one of lock-
up failure events or venting events on the same identified gas supply line exceeds a threshold number;
and based at least in part on the number of gas regulators having at least one of lock-up failure events
or venting events on the same identified gas supply line, performing an action.

[00113] 9. The one or more computer-readable media as recited in clause 8, wherein the acts
additionally comprise: sending instructions to prevent entry of debris into the same identified gas
supply line; and confirming, after action on the instructions, that gas regulators supplied by the
identified gas supply line are experiencing less than a threshold number of lock-up failure events or
venting events per unit time.

[00114] 10.  The one or more computer-readable media as recited in clause 8 or any previous
clause, wherein obtaining indicators comprises: obtaining an indicator of a first gas regulator having
alock-up failure event or a venting event; and obtaining an indicator of a second gas regulator having
a lock-up failure event but not a venting event.

[00115] 11.  The one or more computer-readable media as recited in clause 8 or any previous
clause, wherein the acts additionally comprise: accessing a database to identify the identified gas
supply line of a gas regulator associated with a lock-up failure event or a venting event.

[00116] 12.  The one or more computer-readable media as recited in clause 8 or any previous
clause, additionally comprising, for an individual gas regulator associated with a lock-up failure
event or a venting event, acts comprising: recording in a database the lock-up failure event or the
venting event for the individual gas regulator.

[00117] 13.  The one or more computer-readable media as recited in clause 8 or any previous

clause, wherein the acts additionally comprise: identifying, for each of a plurality of gas supply lines,
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a number of gas regulators associated with a respective gas supply line having at least one of lock-
up failure events or venting events within a period of time.

[00118] 14.  The one or more computer-readable media as recited in clause 8 or any previous
clause, wherein the acts additionally comprise: sending a request to remove one or more sources of
contaminate particles introduced into the identified gas supply line.

[00119] 15.  The one or more computer-readable media as recited in clause 8 or any previous
clause, wherein the acts additionally comprise: providing via an application programming interface
(API) information that identifies gas regulators at which occurred and respective gas supply lines of
the identified gas regulators.

[00120] 16. A gasregulator pressure relief monitor of a gas distribution system, comprising;
an application programming interface (API), wherein the API is available to asset-tracking software
or workforce-management software to schedule maintenance; a sensor of a gas regulator to detect at
least one of lock-up failure events or venting events within each of a plurality of gas regulators of a
respective plurality of gas meters within the gas distribution system; a communications network of
the gas distribution system; a processor configured to perform actions, comprising: obtaining data
indicating at least one of lock-up failure events or venting events via the communications network,
wherein the obtained data were based on information obtained by sensors of gas regulators from
among the plurality of gas regulators, and wherein the obtained data identify gas regulators at which
at least one of lock-up failure events or venting events occurred; determining, based at least in part
on the identified gas regulators, a number of gas regulators having at least one of lock-up failure
events or venting events that are connected to a same gas supply line; determining if the number of
gas regulators having at least one of lock-up failure events or venting events on the same gas supply
line exceeds a threshold number; and indicating, to asset-tracking software or workforce-
management software via operation of the AP, a region within the gas distribution system to repair
to improve gas quality and to lessen at least one of lock-up failure events or venting events.

[00121] 17.  The gas regulator pressure relief monitor of clause 16, wherein the region
indicated is determined based at least in part by actions comprising: identifying a location along the
same gas supply line having more downstream at least one of lock-up failure events or venting events
and fewer upstream at least one of lock-up failure events or venting events.

[00122] 18.  The gas regulator pressure relief monitor of clause 16 or any previous clause,
wherein the actions additionally comprise: sending a message requesting that gas quality be

remediated within the same gas supply line, wherein the remediating comprises one or more of:
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identifying a source of debris introduced into the same gas supply line; and removing the identified
source of debris introduced into the same gas supply line.

[00123] 19.  The gas regulator pressure relief monitor of clause 16 or any previous clause,
wherein the actions additionally comprise accessing a database to perform actions comprising:
recording instances of at least one of lock-up failure events or venting events for each of the plurality
of gas regulators; and identifying a gas supply line of a gas regulator associated with a lock-up failure
event or a venting event.

[00124] 20.  The gas regulator pressure relief monitor of clause 16 or any previous clause,
wherein the actions additionally comprise: obtaining an indicator of a first gas regulator having a
lock-up failure and venting gas; and obtaining an indicator of a second gas regulator having a lock-

up failure but not venting gas.

Conclusion

[00125] Although the subject matter has been described in language specific to structural
features and/or methodological acts, it 1s to be understood that the subject matter defined in the
appended claims is not necessarily limited to the specific features or acts described. Rather, the

specific features and acts are disclosed as exemplary forms of implementing the claims.
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CLAIMS

What 1s claimed 1s:

1. A method, comprising:

sensing a distance from a sensor to a component of a gas regulator;

sending a signal based on the sensed distance,

wherein the signal comprises information sufficient to determine if gas was vented by the

gas regulator or if a lock-up failure event occurred.

2. The method of claim 1, wherein the component comprises at least one of a diaphragm,

a diaphragm plate, a diaphragm pin, or a relief valve of the gas regulator.

3. The method of claim 1, wherein sensing distance comprises at one or more of:

sensing a distance between a diaphragm pin of the gas regulator and a stop stem of the gas
regulator; and

sensing a mechanical pressure exerted by the diaphragm pin of the gas regulator against

the stop stem of the gas regulator.

4. The method of claim 1, wherein sending the signal comprises:

sending the signal to a gas meter in gas-flow communication with the gas regulator;
sending the signal to an endpoint communication device;

sending the signal to an in-home device;

sending the signal to a device of a utility field worker; or

sending the signal to a server.

5. The method of claim 1, wherein the signal is based at least in part on:
a measured value of capacitance;

a measured value of light;

a measured value of electrical resistance; or

a measured value of sound.

6. The method of claim 1, wherein the information comprises information about a

relative position of a stop stem of the gas regulator and a diaphragm pin of the gas regulator, and
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where the information is used as input to software configured to determine if the gas was vented

by the gas regulator.

7. The method of claim 1, additionally comprising:
determining, based at least in part on the signal, if a relief valve of the gas regulator vented
gas, wherein the determining is performed by a processor of at least one of:
the gas regulator;
a gas meter receiving gas from the gas regulator; or

a computing device at a location remote from the gas regulator and gas meter.

8. The method of claim 1, additionally comprising:
determining, based at least in part on the signal, if a relief valve of the gas regulator vented
gas, wherein the information comprises at least one of’

a distance between a stop stem of the gas regulator and a diaphragm pin of the gas
regulator;

an indicator of contact between the stop stem of the gas regulator and the diaphragm
pin of the gas regulator; or

an indicator of force between the stop stem of the gas regulator and the diaphragm

pin of the gas regulator.

9. The method of claim 1, additionally comprising:
determining a time at which a relief valve of the regulator vented gas; or

determining an elapsed time during which gas was vented by the gas regulator.

10. The method of claim 1, additionally comprising obtaining information about a
relative position of a stop stem of the gas regulator and a diaphragm pin of the gas regulator,
wherein the information comprises:

a distance between the stop stem and the diaphragm pin at times when the stop stem and
the diaphragm pin are not in contact; and

amechanical pressure applied to the stop stem by the diaphragm pin at times when the stop

stem and the diaphragm pin are in contact.
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11. The method of claim 1, additionally comprising:
determining a relative position of a stop stem of the gas regulator and a diaphragm pin of
the gas regulator; and
using the relative position to determine an event comprising:
arelief event; or

a lock-up failure event.

12.  The method of claim 1, additionally comprising:
installing a sensor unit in the gas regulator while gas is allowed to flow through a gas meter
in gas-flow communication with the gas regulator; and

obtaining the information from the sensor unit.

13. A sensor unit for installation in a gas regulator, the sensor unit comprising:

at least one sensor component configured to measure distance between the at least one
sensor component and at least one of a stop stem, a diaphragm pin, a diaphragm plate, a
diaphragm, or a relief valve of the gas regulator; and

a communication device communicatively coupled to the at least one sensor component to
send a wired or wireless signal to a processor, wherein the signal is based on information from the

at least one sensor component.

14. The sensor unit as recited in claim 13, wherein the signal conveys information

sufficient to determine if the gas regulator vents gas or fails to lock-up.

15. The sensor unit as recited in claim 13, wherein the at least one sensor component
comprises:
a sensor to sense a distance between two or more components of the gas regulator; and

a sensor to determine a mechanical pressure exerted by the diaphragm pin on the stop stem.
16. The sensor unit as recited in claim 13, wherein the sensor is calibrated to indicate

when pressure in the gas regulator exceeds a pressure at which a relief valve of the gas regulator

1s configured to vent gas from the gas regulator.
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17.  The sensor unit as recited in claim 13, wherein the sensor comprises at least one of’
a capacitance sensor;

a light sensor;

a magnetic sensor;

a pressure sensor; or

a camera.

18. The sensor unit as recited in claim 13, additionally comprising:

a wired connection to attach the sensor unit to a processor of a device in gas-flow
communication with the gas regulator, wherein the device comprises one or more of’

an endpoint communication device;

an in-home device;

a utility field worker; or

a Server.

19. A gas regulator, comprising:

a diaphragm,;

a diaphragm pin configured to move according to movement of the diaphragm;

a stop stem 1n a path of movement of the diaphragm pin;

arelief valve to vent gas based at least in part gas pressure within the gas regulator;

at least one sensor component configured to measure a distance between a sensor and the
stop stem or the diaphragm pin; and

a communication device communicatively coupled to the at least one sensor component to
send a signal to a processor, wherein the signal is based on information of a relief or lock-up

failure event.
20. A system, comprising the gas regulator as recited in claim 19, and additionally

comprising:

a gas meter to receive gas flow from the gas regulator.
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