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(57) Abstract: An industrial process transmitter(100) includes a main
housing(120), a sensor body(122), and a flange member(150). The main
housing(120) contains transmitter circuitry(114) and includes a first thread-
ed portion. The sensor body(122) includes a process sensor(112) and a
second threaded portion in threaded engagement with the first threaded
portion. One of the first and second threaded portions includes a thread-
ed cylindrical projection(130), and the other includes a threaded cylindri-
cal bore(132). The flange member(150) is received within a groove(152)
of the projection(130). Movement of the sensor body(122) relative to the
housing(120) along an axis(126) of the bore(132) is restricted to an axial
distance(170) through engagement between the flange(150) and the first or
second threaded portion that includes the threaded cylindrical bore(132),
and engagement between the main housing(120) and the sensor body(122).
Rotation of the sensor body(122) relative to the housing(120) about the ax-
s(126) is limited by the axial distance(170).
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PROCESS TRANSMITTER HAVING A ROTATABLE COUPLING

FIELD
[0001] Embodiments of the present disclosure relate to industrial process
transmitters and, more particularly, to a rotatable coupling between a main

housing and a sensor body of an industrial process transmitter.

BACKGROUND

[0002] Industrial processes are used in many industries to process or
transport various materials. Industrial processes are implemented in processing
plants, such as, oil refineries, food manufacturing facilities, and paper pulp
manufacturing facilities, for example.

[0003] Process control systems are used to monitor and control inventories
of industrial and chemical processes, and the like. Typically, the control system
performs these functions using field devices or process transmitters that are
distributed at key locations in the industrial process. The term “process
transmitter” refers to any device that performs a function in a distributed
industrial control or process monitoring system, including all devices currently
known, or yet to be known, that are used in the measurement, control, and/or
monitoring of industrial processes.

[0004] Process transmitters typically include a main housing that encases
transmitter circuitry. The transmitter circuitry enables the process transmitter to
perform conventional field device tasks, such as process parameter monitoring
and measurements using one or more sensors, and/or process control operations
using one or more control elements. Exemplary sensors include pressure sensors,
flow sensors, level sensors, temperature sensors, and other sensors used in
industrial processes. Exemplary control elements include actuators, solenoids,

valves, and other control elements.
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[0005] Process sensors may be supported or contained in a sensor body,
which is attached to the main housing. The sensor body may provide an
interface between the process variable sensor and the process that is to be sensed
or measured. Additionally, the sensor body may support or house sensor

circuitry that conveys sensed process parameters to the transmitter circuitry.

SUMMARY

[0006] Embodiments of the present disclosure relate to industrial process
transmitters and, more particularly, to a rotatable coupling between a main
housing and a sensor body of an industrial process transmitter. One embodiment
of the process transmitter includes a main housing, a sensor body, and a flange
member. The main housing contains transmitter circuitry and includes a first
threaded portion. The sensor body includes a process sensor and a second
threaded portion in threaded engagement with the first threaded portion. One of
the first second threaded portions includes a threaded cylindrical projection, and
the other of the first and second threaded portions includes a threaded cylindrical
bore. Relative rotation between the sensor body and the main housing about an
axis of the bore causes relative movement between the sensor body and the main
housing along the axis. The flange member is received within a groove of the
projection. Movement of the sensor body relative to the housing along an axis of
the bore is restricted to an axial distance that is bounded through engagement
between the flange member and the first or second threaded portion that includes
the threaded cylindrical bore, and engagement between the main housing and the
sensor body. Rotation of the sensor body relative to the housing about the axis is
limited by the axial distance.

[0007] Another embodiment of the process transmitter includes a main
housing comprising a cylindrical bore, transmitter circuitry contained in the
main housing, and a sensor body comprising a process sensor configured to
sense an industrial process, and a cylindrical projection received within the bore.

A flange member received within a groove of the projection, and a compressible
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member compressed in a direction along an axis of the cylindrical bore.
Movement of the sensor body relative to the main housing along the axis of the
bore is restricted to an axial distance. Movement of the sensor body relative to
the main housing in a first direction along the axis is limited through
engagement between the main housing and the flange. Movement of the sensor
body relative to the main housing in a second direction along the axis is limited
through engagement between the main housing and the sensor body. Rotation of
the sensor body relative to the main housing is resisted by the compressible
member.

[0008] This Summary is provided to introduce a selection of concepts in a
simplified form that are further described below in the Detailed Description.
This Summary is not intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used as an aid in determining the
scope of the claimed subject matter. The claimed subject matter is not limited to

implementations that solve any or all disadvantages noted in the Background.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] FIG. 1 is a simplified diagram of an exemplary industrial control
system including an exemplary process transmitter formed in accordance with
embodiments of the present disclosure.
[0010] FIG. 2 is a simplified side view of a portion of an exemplary process
transmitter formed in accordance with one or more embodiments of the present
disclosure.
[0011] FIGS. 3A and 3B are exploded and assembled side views of an
exemplary fork level switch process transmitter, in accordance with exemplary
embodiments of the present disclosure.
[0012] FIG. 4 is a top view of an exemplary retainer ring, in accordance
with embodiments of the present disclosure.
[0013] FIG. 5 is a side view of an exemplary wave ring, in accordance with

embodiments of the present disclosure.
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[0014] FIG. 6 is a side cross-sectional view of an exemplary scraper seal, in

accordance with embodiments of the present disclosure.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
[0015] Embodiments of the present disclosure are described more fully
hereinafter with reference to the accompanying drawings. Elements that are
identified using the same or similar reference characters refer to the same or
similar elements. The various embodiments of the present disclosure may,
however, be embodied in many different forms and should not be construed as
limited to the embodiments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and complete, and will fully
convey the scope of the present disclosure to those skilled in the art.

[0016] FIG. 1 is a simplified diagram of an exemplary process transmitter 100
of a control system 102, in accordance with embodiments of the present disclosure.
In some embodiments, the transmitter 100 includes transmitter circuitry 104, which
represents circuitry that enables the performance of conventional process
transmitter tasks, such as process parameter monitoring and measurements using
one or more sensors, process control operations using one or more control
elements, electronic communications, and/or another conventional process
transmitter task.

[0017] In some embodiments, the process transmitter circuitry 104 is
configured to communicate with a controller 106, which may be remotely located
in a control room, for example. Such communications may occur over a
conventional two-wire process control loop 108 (e.g., 4-20 milliamp control loop),
which may also provide power to the process transmitter 100. Communications
over the two-wire loop 108 may include analog and/or digital communications.
Exemplary analog communications include the control of a current flowing
through the loop, which can represent a process variable value, for example.
Exemplary digital communications include digital signals that are modulated

onto the analog current level of the two-wire process control loop 108, such as
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the HART® communication standard. Other purely digital techniques may also
be employed including Foundation® FieldBus and Profibus communication
protocols. In some embodiments, process transmitter 100 may communicate
wirelessly with the controller 106 using, for example, conventional radio frequency
(RF) communication techniques.

[0018] The process transmitter 100 may be coupled to an industrial process
vessel 110, such as a pipe, a tank, or another industrial process vessel, that
contains a process material. The process transmitter 100 may include a process
sensor 112 that may be used to sense or measure a parameter of a process
material 111 contained in the vessel 110. As mentioned above, exemplary
process parameters include a temperature of the material, a level of the material
in a tank vessel, a pressure within a vessel, a flow rate of the material through
the vessel, or another parameter of the process. Exemplary sensors 112 include
pressure sensors, temperature sensors, level sensors (e.g., tuning fork level
switch, or radar level sensor), flow rate sensors, and/or other sensors used to
sense Or measure a process parameter.

[0019] Sensor circuitry 114 represents circuitry that processes output signals
116 from the sensor 112 that are representative of the sensed or measured
process parameter. The sensor circuitry may process the output signals 116 (e.g.,
amplifies, compensates, digitizes, etc.) as desired using conventional techniques.
In some embodiments, the sensor circuitry 114 communicates the sensed or
measured parameter indicated by the signal 116 to the transmitter circuitry 104
through one or more wires 118, or through a wireless communication protocol.
The transmitter circuitry 104 may then communicate the measured parameter to
the controller 106 in accordance with an analog or digital communication
protocol, such as those discussed above.

[0020] The process transmitter 100 may also be configured to control an
aspect of the process using one or more control elements, such as actuators,
solenoids, valves, and/or another conventional process control element used in

field devices to control a process. In order to simplify the illustrations, these
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control element embodiments of the transmitter 100 are represented by the
sensor 112 and/or the circuitry 114. Accordingly, in some embodiments, the
transmitter circuitry 104 may receive an instruction to adjust a control element
from the controller 106. The transmitter circuitry 106 then communicates a
signal to the control element to make the adjustment, such as an adjustment to a
valve position, for example.

[0021] In some embodiments, the transmitter circuitry 104 is contained in a
main housing 120, and the sensor 112 and/or the sensor circuitry 114 are
supported or contained in a sensor body 122, as shown in FIG. 1. A rotatable
coupling 124 operates to join the sensor body 122 to the housing 120, while
allowing the sensor body 122 to rotate about an axis 126 relative to the housing
120. In some embodiments, the main housing 120, the sensor body 122, and the
rotatable coupling 124 satisfy conventional explosion-proof requirements for
industrial process transmitters, such as a requirement that a spark generated
within the process transmitter will not ignite combustible gases or liquids of the
industrial process.

[0022] FIG. 2 is a simplified side view of a portion of an exemplary process
transmitter 100 formed in accordance with one or more embodiments of the
present disclosure. FIG. 2 focuses on the rotatable coupling 124 between the
main housing 120 and the sensor body122. In some embodiments, the rotatable
coupling 124 includes a cylindrical projection or member 130 that is received
within a cylindrical bore 132 formed within a portion 134. The projection 130 or
the portion 134 having the bore 132 are formed as portions of the main housing
120, and the other of the projection 130 and the portion 134 having the bore 132
are formed as portions of the sensor body 122. Thus, when the projection 130 is
formed as a portion of the main housing 120, the portion 134 having the
cylindrical bore 132 is formed as a portion of the sensor body 122. Likewise,
when the portion 134 having the cylindrical bore 132 is formed as a portion of
the main housing 120, the projection 130 is formed as a portion of the sensor

body 122.
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[0023] The transmitter circuitry 104 and the sensor circuitry 114 or sensor
112 are each represented by circuitry 136A or circuitry 136B. The circuitry
136A is supported or contained in the housing 120 or sensor body 122 that
includes the portion 134 having the cylindrical bore 132, as represented by
phantom line 138A, while the circuitry 136B is supported or contained in the
housing 120 or sensor body 122 that includes the projection 130, as represented
by phantom line 138B.

[0024] In some embodiments, the cylindrical projection 130 includes an
interior cavity 140, such as a cylindrical bore, through which the one or more
wires 118 that are connected to the sensor circuitry 114 may extend, as shown in
FIGS. 1 and 2. After securing the sensor body 122 to the main housing 120
through the rotatable coupling 124, the one or more wires 118 may then be
connected to the transmitter circuitry 104, and the main housing may be sealed
to complete the installation of the process transmitter.

[0025] FIGS. 3A and 3B respectively are simplified exploded and assembled
side views of an exemplary process transmitter 100 in accordance with
exemplary embodiments of the present disclosure. The exemplary process
transmitter 100 in FIGS. 3A and 3B includes a sensor 112 in the form of a fork
level switch. The fork level switch 112 is supported by the projection 130,
which also may support sensor circuitry 114 for the fork level switch 112. The
transmitter housing 120 includes the portion 134 having the bore 132. In some
embodiments, the transmitter 100 is assembled by inserting or screwing the
projection 130 into the bore 132, and connecting the wires 118 to the transmitter
circuitry 104, as generally illustrated in FIG. 3B. Access to the transmitter
circuitry 104 during this installation process may be achieved by removing a
cover of the housing 120.

[0026] In some instances, it may be necessary to rotate the sensor body 122
relative to the housing 120 after connecting the wires 118 to the transmitter
circuitry 104. For example, when the sensor 112 includes a fork level switch

(FIGS. 3A and 3B), the orientation of the fork level switch relative to the
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process material 111 and/or the vessel 110 (FIG. 1) may affect its level readings.
As a result, installation of the process transmitter 100 may require rotation of the
sensor 112 relative to the material 111 and/or the vessel 110 by rotating the
sensor body 122 relative to the main housing 120 using the rotatable coupling
124.

[0027] Conventional rotatable couplings rely upon a threaded coupling
between the sensor body and the main housing, and a set screw to fix the
rotatable coupling and set the sensor body in a desired angular position relative
to the main housing. When the set screw is withdrawn and does not fully secure
the position of the sensor body relative to the main housing, such as when the set
screw was not installed properly, is loosened due to vibration, or is purposefully
withdrawn, the sensor body is able to rotate relative to the main housing. The
sensor body can then be excessively rotated relative to the main housing before
either decoupling the sensor body from the main housing, or encountering a
rotational limit to the threaded coupling. This excessive rotation that is allowed
by conventional rotational couplings, has led to damage to wires extending
between the sensor body and the main housing, resulting in transmitter
malfunction.

[0028] Some embodiments of the rotatable coupling 124 operate to allow for
limited rotation of the sensor body 122 relative to the main housing 120 to allow
for adjustment to the angular position of the sensor body 122, sensor 112 and/or
sensor circuitry 114, relative to the main housing 120, while preventing
excessive rotation therebetween that could damage components of the
transmitter 100, such as the wires 118 extending between the sensor body 122
and the main housing 120, the connections of the wires 118 to the circuitry 104
or 114, and/or other components of the transmitter 100. Some embodiments of
the rotatable coupling prevent undesired decoupling of the sensor body 122 and
the main housing 120 through rotation of the sensor body 122 relative to the

housing 120.
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[0029] In some embodiments, movement of the projection 130 along the
axis 126 in the direction indicated by arrow 142 relative to the bore 132 is
restricted through engagement (i.e., direct contact or indirect contact through an
intermediary member) between the main housing 120 and the sensor body 122.
For example, the projection 130 may include a shoulder portion 144 that
contacts a shoulder portion 146 of the portion 134 to restrict movement of the
projection 130 in the direction 142 relative to the portion 134 and the bore 132,
as shown in FIG. 2.

[0030] In some embodiments, the rotatable coupling 124 includes a flange
member 150, which is received within a groove 152 of the projection 130, as
shown in FIG. 2. The groove 152 may be an annular groove, as shown in FIG.
3A. In some embodiments, the groove 152 is located at a distal end 154 of the
projection 130. The flange member 150 may be installed after the projection 130
is inserted into the bore 132 in the direction indicated by arrow 142 along the
axis 126 of the bore 132, to place the distal end 154 within an interior of either
the main housing 120 or the sensor body 122, as indicated by phantom line
138A.

[0031] Once installed in the groove 152, the flange member 150 restricts
movement of the projection 130 along the axis 126 in the direction indicated by
arrow 156, through direct engagement (i.e., contact) or indirect engagement
(contact through an intermediary member) with the main housing 120 or the
sensor body 122 having the portion 134 forming the bore 132. For example,
movement of the projection 130 in the direction indicated by arrow 156 along
the axis 126 may be restricted through engagement between the flange member
150 and a shoulder portion 158 of the main housing 120 or the sensor body 122
having the portion 134.

[0032] The flange member 150 may be in the form of a retainer ring or other
suitable component. A top view of an exemplary retainer ring 150 is shown in
FIG. 4. Other suitable flange members 150 may also be used to restrict

movement of the projection 130 in the direction 156 relative to the portion 134.
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[0033] In some embodiments, a compressible member 160 is compressed
along an axis that is parallel to the axis 126 between the main housing 120 and
the sensor body 122. For example, the compressible member 160 may be
compressed between the flange member 150 and a portion of the main housing
120 or sensor body 122 having the portion 134, such as shoulder portion 158, as
shown in FIG. 2. Embodiments of the compressible member include a wave ring,
an O-ring, or other suitable compressible member.

[0034] The compressible member 160 shown in FIG. 2 is in the form of an
exemplary wave ring, and FIG. 5 is a side view of the exemplary wave ring 160.
The wave ring 160 includes upper portions 163 and lower portions 165 that
alternate around its circumference. The upper and lower portions 163 and 165
respectively extend above and below a horizontal plane 167, which is generally
perpendicular to the axis 126 when the wave ring 160 is installed between the
housing 120 and the sensor body 122. Thus, the effective thickness 169 of the
wave ring 160 corresponds to the distance between a top surface of the upper
portions 163 and a bottom surface of the lower portions 165, as shown in FIG. 5.
This thickness of the wave ring 160 may be compressed along the axis 126
through pressure applied between the flange member 150 and the portion 134, as
shown in FIG. 2. The wave ring 160 may be configured to provide a desired
resistance to compression in the axial direction based on the material used to
form the wave ring 160 and the thickness of the material. Exemplary materials
that would be suitable for forming the wave ring 160 include stainless steel,
aluminum, plastic, or another suitable material.

[0035] The compressible member 160 operates to drive the flange member
150 against an upper surface 162 of the groove 152. In some embodiments, this
also drives the projection in the direction 142 relative to the portion 134, and
maintains engagement between the portions of the main housing 120 and sensor
body 122 that restrict movement of the projection 130 in the direction 156
relative to the portion 134, such as shoulder portions 144 and 146, for example.

Accordingly, some embodiments of the compressible member 160 operate to

10
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eliminate gaps that would allow for loose movement between the projection 130
and the portion 134 along the axis 126.

[0036] In some embodiments, the compressible member 160 restricts
rotational movement of the sensor body 122 relative to the housing 120 about
the axis 126 through frictional resistance due to the axial compression of the
member 160. For example, the frictional resistance between the member 160
and the flange 150 and the shoulder 158 resists rotation of the projection 130
relative to the portion 134. This allows the sensor body 122 to be set to a desired
angular position about the axis 126 relative to the main housing 120. In some
embodiments, a set screw 161 may be used to further secure the set angular
position of the sensor body 122 about the axis 126 relative to the main housing
120, as shown in FIG. 2.

[0037] In some embodiments, the projection 130 and the bore 132
respectively include threaded portions 162 and 164, as shown in FIG. 2. The
threaded portion 162 is formed on an exterior wall 166 of the projection 130,
and the threaded portion 164 is formed on an interior wall 168 of the bore 132.
This allows the sensor body 122 and the main housing 120 to be screwed
together through threaded engagement between the portions 162 and 164 of the
projection 130 and the portion 134. Thus, in some embodiments, rotation of the
projection 130 relative to the bore 132 (i.e., portion 134) in one direction drives
movement of the projection 130 along the axis 126 toward the portion 134 in the
direction indicated by arrow 142, and rotation of the projection 130 relative to
the bore 132 in the opposite direction drives movement of the projection 130
along the axis 126 away from the portion 134 in the direction indicated by arrow
156. The position of the projection 130 along the axis 126 and the angular
position of the projection 130 about the axis 126 relative to the portion 134 may
be set by the set screw 161.

[0038] In some embodiments, this rotationally driven movement of the
projection 130 along the axis 126 relative to the portion 134 due to the

engagement of the threaded portions 162 and 164, is limited to an axial distance
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170 relating to a gap 172 formed between the flange member 150 and the
shoulder portion 158 of the portion 134, when the portions of the sensor body
122 and the main housing limiting movement of the projection 130 relative to
the portion 134 in the direction 142 are engaged, as shown in FIG. 2. The axial
distance 170 is bounded in the direction 142 through the engagement between
portions of the projection 130 and the portion 134 (e.g., shoulder portions 144
and 146), and the axial distance 170 is bounded in the direction 156 through
engagement between the flange member 150 or the compressible member 160
(if present), and the shoulder portion 158. Thus, the axial distance 170
corresponds to the gap 172 when the compressible member 160 is not present.
When the compressible member is present, the axial distance 170 is the gap 172
less the thickness of the compressible member 160 when in a fully compressed
state. Thus, the axial distance 170 limits the ability to rotate the projection 130
about the axis 126 relative to the portion 134 and, thus, limits the ability to
rotate the sensor body 122 about the axis 126 relative to the main housing 120.
[0039] The total number of possible rotations of the projection 130 relative
to the portion 134 may be determined by rotating the projection 130 about the
axis 126 in one direction to drive the projection 130 along the axis 126 to one of
the boundaries of the axial distance 170, such as in the direction 142 until
engagement of the shoulder portions 144 and 146, as shown in FIG. 2. The
limited number of rotations of the projection 130 about the axis 126 relative to
the portion 134 may then be determined by rotating the projection 130 in the
opposite direction until the second boundary is reached, such as the engagement
between the compressible member 160 and the shoulder portion 158 when the
compressible member 160 is in a fully compressed state.

[0040] In some embodiments, the total number of possible rotations
corresponding to unique positions of the projection 130 along the axis 126 is
greater than zero, but limited to approximately (e.g., = 15°) less than 6 rotations,
less than 5 rotations, less than 4 rotations, less than 3 rotations, less than 2

rotations, 1 rotation, and/or less than 1 rotation, about the axis 126 relative to the

12



WO 2019/041122 PCT/CN2017/099429

portion 134. Therefore, the total number of rotations of the projection 130
relative to the portion 134 in a single direction is limited to these embodiments.
As a result, the one or more wires 118 and their connections to the sensor
circuitry 114 and the transmitter circuitry 104 are less likely to become damaged
from rotation of the sensor body 122 relative to the housing 120.

[0041] In some embodiments, the rotatable coupling 124 includes one or
more seals, which may allow the process transmitter 100 to meet explosion-
proof requirements. For example, the rotatable coupling may include a seal 174
between the projection 130 and the portion 134. The seal 174 may be formed
using an O-ring 175 that is received within a detent or groove of either the
projection 130 or the portion 134, such as annular groove 176 formed in the
projection 130, as shown in FIG. 2. The rotational coupling 124 may also
include a seal 178 at a proximal end 180 of the projection 130, which may be
formed using, for example, a V-ring 182, as shown in FIG. 2, a scrapper seal, an
O-ring, or another suitable sealing element. A side cross-sectional view of an
exemplary annular scraper seal 184 is shown in FIG. 6, and may be used as a
substitute for the V-ring 182. The rotatable coupling 124 may also include other
suitable seals in addition to, or in the place of, the seals illustrated in FIG. 2.
[0042] Specific details are given in the above-description to provide a
thorough understanding of the embodiments. However, it is understood by those
of ordinary skill in the art that the embodiments may be practiced without these
specific details. For example, circuits, systems, networks, processes, frames,
supports, connectors, motors, processors, and other components may not be
shown, or shown in block diagram form in order to not obscure the
embodiments in unnecessary detail.

[0043] It will be understood that when an element is referred to as being
"connected," "coupled," or “attached” to another element, it can be directly
connected, coupled or attached to the other element, or it can be indirectly
connected, coupled, or attached to the other element where intervening or

intermediate elements may be present. In contrast, if an element is referred to as
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being "directly connected," "directly coupled" or “directly attached” to another
element, there are no intervening elements present. Drawings illustrating direct
connections, couplings, or attachments between elements also include
embodiments, in which the elements are indirectly connected through one or
more intermediary components, coupled or attached to each other.

[0044] It is appreciated that certain features of the invention, which are, for
clarity, described in the context of separate embodiments, may also be provided
in combination in a single embodiment. Conversely, various features of the
invention, which are, for brevity, described in the context of a single
embodiment, may also be provided separately or in any suitable subcombination.
Certain features described in the context of various embodiments are not to be
considered essential features of those embodiments, unless the embodiment is
inoperative without those elements.

[0045] Although the embodiments of the present disclosure have been
described with reference to preferred embodiments, workers skilled in the art
will recognize that changes may be made in form and detail without departing

from the spirit and scope of the present disclosure.
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WHAT IS CLAIMED IS:
1. An industrial process transmitter comprising:
a main housing containing transmitter circuitry and comprising a first
threaded portion;
a sensor body comprising a process sensor and a second threaded portion
in threaded engagement with the first threaded portion, wherein
one of the first and second threaded portions comprises a
threaded cylindrical projection, and the other of the first and
second threaded portions comprises a threaded cylindrical bore,
wherein relative rotation between the sensor body and the main
housing about an axis of the bore causes relative movement
between the sensor body and the main housing along the axis;
and
a flange member received within a groove of the projection;
wherein:
movement of the sensor body relative to the housing along the
axis of the bore is restricted to an axial distance that is
bounded through engagement between the flange member
and the first or second threaded portion that includes the
threaded cylindrical bore, and engagement between the
main housing and the sensor body; and
rotation of the sensor body relative to the main housing about the

axis is limited by the axial distance.

2. The process transmitter according to claim 1, wherein the axial distance limits

rotation of the sensor body relative to the housing to less than two rotations.
3. The industrial process transmitter according to claim 1, further comprising a

compressible member that is compressed in the axial direction and resists

rotation of the sensor body relative to the housing.
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4. The industrial process transmitter according to claim 3, wherein the
compressible member is positioned between the flange member and a shoulder
portion of the main housing or the sensor body that includes the threaded

cylindrical bore.

5. The industrial process transmitter according to claim 4, wherein the

compressible member comprises a wave ring.

6. The industrial process transmitter according to claim 1, wherein the groove is

an annular groove formed in a distal end of the projection.

7. The industrial process transmitter according to claim 6, wherein the flange

member comprises a retainer ring.

8. The industrial process transmitter according to claim 1, wherein the first
threaded portion comprises the threaded cylindrical bore, and the second

threaded portion comprises the threaded projection.
9. The industrial process transmitter according to claim 1, wherein the first
threaded portion comprises the threaded projection, and the second threaded

portion comprises the threaded cylindrical bore.

10. The industrial process transmitter according to claim 1, further comprising at

least one seal between the projection and the bore.

11. The industrial process transmitter according to claim 10, wherein the at least

one seal comprises at least one of a V-ring, an O-ring, and a scraper seal.

16



WO 2019/041122 PCT/CN2017/099429

12. The industrial process transmitter according to claim 1, wherein the process
sensor is selected from the group consisting of a level sensor, a vibrating fork
level switch, a pressure sensor, a flow rate sensor, a temperature sensor, and a

control element.

13. The industrial process transmitter according to claim 12, including at least
one wire extending from sensor circuitry contained in the sensor body through

the bore and the projection and to the transmitter circuitry.

14. An industrial process transmitter comprising:
a main housing comprising a cylindrical bore;
transmitter circuitry contained in the main housing;
a sensor body comprising a process sensor configured to sense an
industrial process, and a cylindrical projection received within
the bore;
a flange member received within a groove of the projection; and
a compressible member compressed in a direction along an axis of the
cylindrical bore;
wherein:
movement of the sensor body relative to the main housing along
the axis of the bore is restricted to an axial distance;

movement of the sensor body relative to the main housing in a
first direction along the axis is limited through
engagement between the main housing and the flange;

movement of the sensor body relative to the main housing in a
second direction along the axis is limited through
engagement between the main housing and the sensor
body; and

rotation of the sensor body relative to the main housing is resisted

by the compressible member.
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15. The process transmitter according to claim 14, wherein:
the cylindrical bore and the cylindrical projection include threaded
portions in threaded engagement with each other;
relative rotation between the sensor body and the main housing about the
axis of the bore causes relative movement between the sensor
body and the main housing along the axis; and
rotation of the sensor body relative to the housing is limited by the axial

distance.

16. The process transmitter according to claim 15, wherein the axial distance
limits rotation of the sensor body relative to the housing to less than two

rotations.

17. The industrial process transmitter according to claim 14, wherein:
the groove is an annular groove; and

the flange member comprises a retainer ring.

18. The industrial process transmitter according to claim 14, wherein the
compressible member comprises a wave ring positioned between the main

housing and the flange member.

19. The industrial process transmitter according to claim 14, wherein:
wherein the process sensor is selected from the group consisting of a
level sensor, a vibrating fork level switch, a pressure sensor, a
flow rate sensor, a temperature sensor, and a control element; and
the industrial process transmitter includes at least one wire extending
from sensor circuitry contained in the sensor body through the

bore and the projection and to the transmitter circuitry.
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20. The industrial process transmitter according to claim 14, further comprising

at least one seal between the projection and the bore.
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AMENDED CLAIMS
received by the International Bureau on 07 January 2019 (07.01.2019)

Replacement of the claims:

1. An industrial process transmitter comprising;:
a main housing containing transmitter circuitry and comprising a first threaded portion;
a sensor body comprising a process sensor and a second threaded portion in threaded
engagement with the first threaded portion, wherein one of the first and second
threaded portions comprises a threaded cylindrical projection, and the other of
the first and second threaded portions comprises a threaded cylindrical bore,
wherein relative rotation between the sensor body and the main housing about an
axis of the bore causes relative movement between the sensor body and the main
housing along the axis; and
a flange member received within a groove of the projection;
wherein:
movement of the sensor body relative to the housing along the axis of the bore is
restricted to an axial distance that is bounded through engagement
between the flange member and the first or second threaded portion that
mcludes the threaded cylindrical bore, and engagement between the
main housing and the sensor body; and

rotation of the sensor body relative to the main housing about the axis is limited

by the axial distance.

2. The industrial process transmitter according to claim 1, wherein the axial distance limits

rotation of the sensor body relative to the housing to less than two rotations.

3. The industrial process transmitter according to claim 1, further comprising a compressible
member that is compressed in the axial direction and resists rotation of the sensor body relative to

the housing.

4. The industrial process transmitter according to claim 3, wherein the compressible member is

positioned between the flange member and a shoulder portion of the main housing or the sensor
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body that includes the threaded cylindrical bore.

5. The industrial process transmitter according to claim 4, wherein the compressible member

comprises a wave ring.

6. The industrial process transmitter according to claim 1, wherein the groove is an annular groove

formed in a distal end of the projection.

7. The industrial process transmitter according to claim 6, wherein the flange member comprises a

retainer ring.

8. The industrial process transmitter according to claim 1, wherein the first threaded portion
comprises the threaded cylindrical bore, and the second threaded portion comprises the threaded

projection.

9. The industrial process transmitter according to claim 1, wherein the first threaded portion
comprises the threaded projection, and the second threaded portion comprises the threaded

cylindrical bore.

10. The industrial process transmitter according to claim 1, further comprising at least one seal

between the projection and the bore.

11. The industrial process transmitter according to claim 10, wherein the at least one seal

comprises at least one of a V-ring, an O-ring, and a scraper seal.

12. The industrial process transmitter according to claim 1, wherein the process sensor is selected
from the group consisting of a level sensor, a vibrating fork level switch, a pressure sensor, a flow

rate sensor, a temperature sensor, and a control element.

13. The industrial process transmitter according to claim 12, including at least one wire extending
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from sensor circuitry contained in the sensor body through the bore and the projection and to the

transmitter circuitry.

14. An industrial process transmitter comprising:
a main housing comprising a cylindrical bore;
transmitter circuitry contained in the main housing;
a sensor body comprising a process sensor configured to sense an industrial process, and
a cylindrical projection received within the bore;
a flange member received within a groove of the projection; and
a compressible member compressed in a direction along an axis of the cylindrical bore;
wherein:
movement of the sensor body relative to the main housing along the axis of the
bore 1s restricted to an axial distance;
movement of the sensor body relative to the main housing in a first direction
along the axis 1s limited through engagement between the main housing
and the flange;
movement of the sensor body relative to the main housing in a second direction
along the axis 1s limited through engagement between the main housing
and the sensor body; and
rotation of the sensor body relative to the main housing is resisted by the

compressible member.

15. The industrial process transmitter according to claim 14, wherein:
the cylindrical bore and the cylindrical projection include threaded portions in threaded
engagement with each other;
relative rotation between the sensor body and the main housing about the axis of the bore
causes relative movement between the sensor body and the main housing along
the axis; and

rotation of the sensor body relative to the housing is limited by the axial distance.
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16. The industrial process transmitter according to claim 15, wherein the axial distance limits

rotation of the sensor body relative to the housing to less than two rotations.

17. The industrial process transmitter according to claim 14, wherein:
the groove is an annular groove; and

the flange member comprises a retainer ring.

18. The industrial process transmitter according to claim 14, wherein the compressible member

comprises a wave ring positioned between the main housing and the flange member.

19. The industrial process transmitter according to claim 14, wherein:
wherein the process sensor is selected from the group consisting of a level sensor, a
vibrating fork level switch, a pressure sensor, a flow rate sensor, a temperature
sensor, and a control element; and
the industrial process transmitter includes at least one wire extending from sensor
circuitry contained in the sensor body through the bore and the projection and to

the transmitter circuitry.

20. The industrial process transmitter according to claim 14, further comprising at least one seal

between the projection and the bore.
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