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PRESSURE TRANSMITTER WITH

HIGH PRESSURE ISOLATOR MOUNTING ASSEMBLY

BACKGR 0) INVENTIO

The present invention relates to pressure
transmitters. More particularly, the present invention
relates to an isolator mounting assembly for supporting
a pressure sensor and for isolating the pressure sensor
and an interior cavity of the transmitter from a process
line fluid to be measured.

Isolator mounting assemblies used to isolate
a pressure sensor from the fluid to be measured in a
process line are known. Typically, the isolating
mounting assembly mounts at the base of a transmitter
housing in a hole that opens to an interior cavity of
the transmitter. The interior cavity protects known
circuitry that connects to the pressure sensor in order
to obtain a signal proportional to the pressure in the
process line. The isolator mounting assembly includes
a connector or fitting that is connectable to the
process line to receive the process fluid for
measurement. The connector has threads which engage
corresponding threads of the transmitter housing to
secure the connector to the housing. At an end remote
from the process line, the connector accepts a machined
plug that has a compliant isolator diaphragm which faces
the process fluid. The isolator diaphragm isolates a
cavity formed in the plug from the process fluid. The
cavity is filled with a substantially incompressible
fluid such as silicone oil herein referred to as "£fill
fluid". A passageway formed in the interior of the plug
extends away from the cavity and to an end of the plug
remote from the isolator diaphragm. A header is welded
to the remote end of the plug and the connecter. The
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header has a recess which forms a sensor cavity with the
end of the plug. The header suppeorts the pressure
sensor in the sensor cavity. The sensor cavity is also
filled with the £ill1l fluid. Since the sensor cavity is
in fluidic communication with the isolator cavity
through the passageway, the process fluid pressure is
transmitted to the pressure sensor via the £ill fluid.
The pressure sensor provides an output signal
proportional to the £ill fluid pressure, and hence, also
of the process fluid pressure.

If the pressure sensor wmeasures a gauge
pressure or a differential pressure, a mounting assembly
supports the pressure sensor on the header and has a
passageway that is in fluidic communication with one of
the pressures. If the thermal expansion coefficient of
the support is substantially different than that of the
pressure sensor, temperature variations can cause
stresses and strains to be produced in the pressure
sensor and the mounting assembly giving rise to stress
induced failure and measurement error. This error
arises because thermal stresses produced in the pressure
sensor cause strain in the sensing elements which are
indistinguiéhable from those changes caused by pressure
of the process fluid. Selecting a support material that
has a coefficient of thermal expansion that matches that
of the pressure sensor is a solution known in the art.
However, a continuing problem with the prior art is
hermetically sealing and affixing the support to the
header.

In addition, although the above-described
isolator mounting assembly is well suited for many
applications, it is generally not suited for high
pressure applications where measured process £fluid
pressure can exceed approximately 4000 psi.
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SUMMARY OF THE INVENTION

A pressure transmitter includes an isolator
mounting assembly for isolating process fluid from an
interior cavity of the pressure transmitter. The
isoclator mounting assembly includes an isolator plug for
receiving the process fluid line pressure and coupling
the line pressure to a sensor cavity formed by a header
joined to a distal end of the plug. A ring member is
attached to the header and the distal end of the plug to
reinforce the joint formed between the isolator plug and
the header.

According to another broad aspect of the
invention, a mounting assembly provided for a pressure
sensor includes a base and a support having first and
second opposed ends. The first end is rigidly bonded to
the pressure sensor while an elastic joint joins the
second end of the support to the base, the elastic joint
being a material comprising at least one of an epoxy, a
polyimide or a polyurethane.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a view of a pressure transmitter
illustrated partially in section and partially in block
form with an isoclator mounting assembly of the present
invention;

Figure 2 is a sectional view of the isolator
mounting assembly made according to the present
invention mounted in a housing adapter;

Figure 3 is an enlarged sectional view of a
portion of Figure 2;

Figure 4 is a sectional view of a modified
isolator mounting assembly made according to the present
invention; and

Figure 5 is an enlarged sectional view of a
portion of Figure 4.
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ED D RIPTION OF E _PREFERRED EMBODIMENTS

A transmitter 10 having an isolator mounting
assembly 12 of the present invention is illustrated in
Figure 1. The transmitter 10 includes a housing 14
having a base 16, a housing adapter 17 joined to the
base 16 with threads 19, and an enlarged body 18. The
housing adapter 17 includes a hole 20 that receives the
isolator mounting assembly 12 of the present invention.
Without the isclator mounting assembly 12 and other
components of the transmitter 10 described below, the
hole 20 opens into an interior cavity 22 formed in the
enlarged body 18. _

The isclator mounting assembly 12 isolates
process fluid, herein represented by arrow 24, from
entering the interior cavity 22. Generally, a process
pipe, not shown, carries the process f£fluid 24 into
contact with a compliant isolator diaphragm 26. The
process fluid 24 exerts a pressure on the isolator
diaphragm 26. A quantity of f£ill fluid provided in a
passageway 28 transmits the proceas fluid pressure to a
pressure sensor 30 provided in a sensor cavity 32, which
is also filled with the £ill fluid.

Lead wires 36 connect the pressure sensor 30
to a preliminary circuit 38, which in turn connects by
a line 40 to a transmitter circuit 42. As is known in
the art, an external DC power supply 44 powers
transmitter circuit 42 over a twisted wire pair 4s,
which enters transmitter 10 by a port 48. The twisted
wire pair 46 terminates on a terminal block 50, which is
connected to the transmitter circuit 42 through lines
52. Covers 54A and 54B allow access to the terminal
block 50 and the transmitter circuit 42, respectively.

In the embodiment illustrated, the pressure
sensor 30 is of the known semiconductor type having a
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strain gauge, not shown, that responds to the pressure
in the sensor cavity 32. For purposes of the invention,
other known pressure sensors, fluidically coupled to the
isolator diaphragm 26, can be used with the invention,
for example, capacitive-based and optically-based
pressure sensors.

The pressure sensor 30 provides an output
signal responsive to the pressure in the sensor cavity
32, which is representative of the pressure of the
process fluid 24. The sensor output signal is provided
to the transmitter circuit 42 through the preliminary
circuit board 38. The transmitter circuit 42
communicates the process fluid pressure by regulating
the DC current flowing over the twisted wire pair 46
between four and 20 milliamperes (mA). The transmitter
circuit 42 can alsoc communicate digitally with a
suitable control unit over the twisted wire pair 46 by
known digital protocols, such as the HART® protocol.

Figure 2 illustrates the isoclator mounting
assembly 12 ‘and the housing adapter 17, which for
purposes of the invention is considered part of housing
14. However, it should be understood that although the
housing adapter 17 receives the isolator mounting
assembly 12 in this embodiment, the housing adapter 17
need not be a separable part of the housing 14. In
other words, if the base 16 is suitably designed to
receive the isolator mounting assembly 12, the isolator
mounting assembly 12 can be secured directly to the base
16.

The housing adapter 17 provides an annular
wall 62 that defines the hole 20. In the embodiment
illustrated, the isolator mounting assembly 12 includes
a connector 64, an isolator plug 66, a header 68 and an
annular header ring 70 each made from suitable corrosion
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resistant metals such as stainless steel (SST 316).
Outwardly facing threads 72 are provided on the isolator
plug 66 and threadably engage inwardly facing threads 74
on an inner surface 76 of the wall 62 to mount the
isclator mounting assembly 12 to the housing adapter 17.
Preferably, the threads 72 and 74 are class 1 threads
that provide for a close fit to insure that there is a
flame arresting path defined along this juncture.

The connector 64 provides a means for
connecting the transmitter 10 to the source of process
fluid 24. A connector/isolator plug joint 67 joins the
connector €4 to the isolator plug 66. In the embodiment
illustrated, the connector/isolator plug joint 67
comprises an annular weld 82 and reinforcing threads 80.
The threads 80 engage corresponding threads 84 provided
on an extending portion 86 of the isolator plug 66. The
isolator diaphragm 26 is joined to the extending portion
86 in a known manner to isolate the £ill £fluid from the
process fluid 24.

Referring next to Figure 3, the annular weld
82 joins opposed surfaces 90 and 92 of the connector 64

.and isolator plug €6, respectively. Preferably, as

illustrated, the opposed surfaces 90 and 92 are ring-
shaped being formed from grooves 94 and 96 provided in
the connector 64 and the isclator plug 66, respectively.
The grooves 94 and 96 are disposed so that inner annular
edges of the surfaces 90 and 92 are substantially
aligned. By aligning the inner annular edges of
surfaces 90 and 92, stress concentration between the
opposed surfaces 90 and 92 is minimized, thereby
strengthening the joint formed by the annular weld 82.

An annular weld 100 joins the header 68 to an
end 102 of the isolator plug 66 to form the sensor
cavity 32. Preferably, the end 102 includes an
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extending ring portion 104, while the header 68 also has
an extending ring portion 10S5. The extending ring
portion 104 forms an annular surface 106 that faces a
recessed outer annular surface 108 on the extending ring
portion 105. The extending ring portions 104 and 105
are precision machined sc that side walls of each
overlap as illustrated in order to align the header 68
to the end 102 of the isolator plug 66.

The pressure sensor 30 is secured to the
header 68 in a known manner such as silicone RTV
compound for an absolute pressure transmitter. Feed
through holes, one of which is illustrated at 120,
accept conductors 122 that are electrically connected to
the pressure sensor 30 and the preliminary circuit board
38. A glass seal 124 electrically insulates and secures
the conductors 122 from the metal header 68. An oil
£ill tube 126 is brazed in the header 68 and provides
access to the sensor cavity 32 to f£ill the sensor cavity
32 and the passageway 28 with the £ill fluid. After
filling, the oil £ill tube 126 is welded closed. A
spacer 128 provided in the sensor cavity 32 reduces the
volume of sensor cavity 32, thereby reducing the amount
of £i1l1 fluid. _

The annular welds 134 and 136 join the header
ring 70 to the header 68 and the isolator plug 66. The
header ring 70 and annular welds 100, 134 and 136
comprise an isolator plug/header joint 101. The header
ring 70 and annular welds 134 and 136 reinforce the
annular weld 100, thereby further securing the header 68
to the isolator plug 66. If desired, an o-ring seal 140
can be used with the header ring 70 to engage an inner
surface of the housing adapter 17 to further isolate and
seal the interior cavity 22. Referring back to Figure
1, a potting material 144 is disposed in a cavity 146 of
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the housing adapter 17 to secure the preliminary circuit
board 38 therein and to further seal the interior cavity
22,

As stated above, the isolator mounting
assembly 12 isolates the interior cavity 22 from the
process fluid 24. The isclator mounting assembly 12 is
particularly well suited for high pressure applications
because the connector/isolator plug joint 67 and the
isolator plug/header joint 101 are reinforced so that
the most probable paths for process fluid 24 to enter
the interior cavity 22 begin with the isolator diaphragm
26 and extend through the sensor cavity 32. However, if
the process fluid 24 enters the sensor cavity 32, it
will cause the sensor 30 to fail. The transmitter
circuit 42 detects failure of the sensor 30 and provides
an alarm indication, notifying an operator of a problem
with the transmitter 10 before the process fluid 24
corrodes through the header 68 and enters the interior
cavity 22.

Figui'e 4 illustrates an isolator mounting
assembly 150 having a gauge venting system 151 that is
suitable for use with a gauge pressure transmitter. The
gauge venting system 151 allows atmospheric gas to
directly engage the pressure sensor 30. Like the
isolator mounting assembly 12 described above, the
isolator mounting assembly 150 is secured to the housing
adapter 17 and includes the connector 64, an isolator
plug 152, a header 154 and the header ring 70.
Preferably, welds 82, 100, 134 and 136 3join the
connector 64, the isolator plug 152, the header 154 and
the header ring 70 in the manner described above. As is
well known in the art, a gauge pressure transmitter
references the measured pressure of the process fluid 24
to atmospheric pressure. In the embodiment illustrated,
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atmospheric pressure is provided to the pressure sensor
30 through a passageway 160 in the isolator plug 152
that communicates with a passageway 162 in the header
154. Preferably, the passageways 160 and 162 are of
suitable diameter and sufficient length to provide flame
arresting paths.

In the embodiment illustrated, atmospheric
pressure enters the passageway 160 through an opening
166 provided in the isolator plug 152 and opening to the
hole 20. 1If desired, a suitable filter material 165
such as porous metals and Teflon®’ can be disposed in the
opening 166 to prevent contaminants from entering the
passageway 160. On an end 170 of the isolator plug 152
remote from the opening 166, the passageway 160 opens to
a chamber 172. Preferably, the chamber 172 is formed by
an inner annular groove 174 provided in the header 70.
Except for the openings provided by the passageways 160
and 162, the chamber 172 is sealed by welds 100, 134 and
136. The passageway 162 opens to the chamber 172 on one
end, and on an end remote from the chamber 172, the
passageway 162 opens to a c¢ylindrical recess 180
provided in the header 154, forming part of the sensor
cavity 32.

In the event process fluid 24 was present in
the sensor cavity 32 and the sensor 30 or mounting
assembly thereof, discussed below, were to fail,
allowing process fluid 24 into the recess 180, the gauge
venting system 151 prevents the process fluid 24 from
entering the interior cavity 22. Specifically, the
passageway 162 directs the process fluid 24 from the
recess 180 to the chamber 170, which in turn, directs
the fluid to passageway 160 and away from the interior
cavity 22 due to the presence of welds 100, 134 and 136.
Leakage of process f£luid 24 from the opening 166 and
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ultimately from the hole 20 provides a visual indication
that this type of failure has occurred.

Referring next to Figure 5, a support 181
located in the recess 180 supports a differential
pressure sensor 184 in the sensor cavity 32.
Preferably, the differential pressure sensor 184
comprises a silicon chip 186 having a diaphragm therein
joined to a silicon support base 188, which in turn
mounts to the support 181. The support 181 is of
unitary construction, consisting essentially of Pyrex"
borosilcate glass, which has a thermal coefficient of
expansion substantially equal to that of the silicon
support base 188. Alternatively, the support 181 can
comprise a suitable ceramic. An anodic bond 189 joins
an end surface 190 of the glass support 181 to a lower
surface 192 of the silicon support base 188. The anodic
bond 189 provides a hermetic seal about a passageway 196
in the glass support 181 and an orifice 198 in the
support base 188 that transmit atmospheric pressure from
the passageway 162 in the header 154 to the diaphragm of
silicon chip 186. The anodic bond 189 is considered a
"rigid" joint having little elasticity. '

In contrast to the rigid joint 189 between the
end surface 190 and the lower surface 192, an epoxy 199
provides a relatively "compliant" or elastic joint 200
that bonds and hermetically seals an end surface 202 of
the support 181 to the header 154 so that the
atmospheric gas directly engages the pressure sensor 30.
Preferably, the epoxy 199 is the sole means of attaching
the support 181 to the header 154. The epoxy 199
absorbs strain resulting from the difference in thermal
expansion between the header 154 and the glass support
181. Unlike the prior art which has taught coating the
end surface 202 with a metal in order to solder the
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glass support 181 to the header, the end surface 202 of
the present invention is preferably uncoated and remains
glass, thereby eliminating assembly steps and reducing
manufacturing costs.

Preferably, the epoxy is solvent and thinner
free to provide thin bond lines and to reduce _the
possibility of outgassing or weight loss into the sealed
sensor cavity 32, which can cause measurement errors.
Solvent and thinner free epoxies also reduce stress
inducing voids that can lead to fractures in the
glass support 181 and loss of thermal conductivity,
which can lead to temperature induced errors. In a
further preferred embodiment, the epoxy 199 does not
contain any fillers. Use of a filler free epoxy
improves the seal formed by the epoxy between the glass
support 181 and a support surface 211 of the header 154
since such fillers can have a thermal coefficient of
expansion different than the epoxy resin contained
therein. A suitable epoxy for high pressure
applications is EPO-TEK H77 by Epoxy Technology, Inc. of
Billerica, MA hermetic sealing epoxy.

It should be understood that although the
elastic joint has been described as formed with the
epoxy 199, other suitable orgahic sealing adhesive
materials can be used. For instance, suitable die
attach polyimides such as available £from Ablestik
Laboratories of Rancho Dominquez, CA and suitable
polyurethanes such as available from Minnesota Mining
and Manufacturing Company of St.Paul, MN also can be
used in place of the epoxy 199.

Although the elastic joint 200 has been
described and illustrated as a means for attaching the
support 181 to the header 154 to provide a hermetic seal
about the passageway 162 for use with a gauge pressure
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transmitter, it should be understood that a gauge
pressure transmitter is merely one type of a
differential pressure transmitter and that the elastic
joint 200 can be used with other forms of differential
pressure transmitters.

Although the present invention has 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 invention.
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WHAT IS CLAIMED IS:
‘1. A transmitter connectable to a process line and

providing an output responsive to a pressure in the
process line, the transmitter comprising:

a housing forming a wall around a hole
extending into an interior cavity formed
in the housing;

a sensor for sensing the pressure;

a circuit coupled to the sensor and providing
the output; and

an isolating assembly mounted in the hole
isolating fluid in the process line from
the interior cavity, the isclating
assembly comprising:
an isolator plug located in the hole and

joined to the housing, the isolator
plug having a diaphragm therein
coupling the pressure via a
passageway to a distal end of the
plug;

a header joined to the distal end of the
plug to form a sensor cavity
holding the sensor and receiving
the pressure from the passageway;
and

a ring wmember joined to the isolator
plug and the header.

2. The transmitter of claim 1 and a first annular
weld that joins the header to the distal end of the
plug, a second annular weld that joins the ring member
to the header and a third annular weld that joins the
ring member .to the isolator plug.

3. The transmitter of claim 1 and a connector
having a bore extending from a first end to a second
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end, the connector connectable to the process line at
the first end and joined to the isolator plug at the
second end.

4. The transmitter of claim 3 and an annular weld
joining the second end of the connector to the plug.
5. The transmitter of c¢laim 1 and a second
passageway extending through the header, the second
passageway coupling a second pressure to the sensor.
6. The transmitter of claim 5 and a recess formed
between opposed surfaces of the header and the ring
member, the recess opening to the second passageway and
coupling the second pressure.

7. The transmitter of claim 5 and a third
passageway formed in the plug and fluidically
communicating with the second passageway.

8. The transmitter of claim 7 wherein the wall
threadably engages the plug along a threaded portion,
and wherein the third passageway has an bpening remote
from the threaded portion.

9. The transmitter of claim 5 and a tube joined
at a first end to the header about an opening of the
second passageway with an epoxy, the tube supporting the
sensoxr in the sensor cavity and coupling the second
pressure to the sensor.

10. A transmitter connectable to a process line
and providing an output responsive to a pressure in the
process line, the transmitter comprising:

a housing forming a wall around a hole
extending into an interior cavity formed
in the housing;

a sensor for sensing the pressure;

a circuit coupled to the sensor and providing

the output; and
\
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an isolating assembly mounted in the hole
isolating fluid in the process line from
the interior cavity, the isolating
assembly comprising:

an isolator plug having a diaphragm
therein coupling the pressure via a
passageway to a distal end of the
plug;

a header joined to the distal end of the
plug to form a sensor cavity
receiving the pressure from the
passageway, the header having a
second passageway extending from
the sensor cavity and through the
header, the second passageway
coupling a second pressure; and

a tube joined at a first end to the
header about an opening of the
second passageway with an epoxy,
the tube supporting the sensor in
the sensor cavity and coupling the
second pressure to the sensor.

11. A mounting assembly for a pressure sensor
comprising:.
a base;

a support having first and second opposed
ends, wherein the first end is rigidly
bonded to the pressure sensor; and

an elastic joint between the second end of
the support and the base, the elastic
joint including a material selected from
the group consisting of an epoxy, a
polyimide and a polyurethane.

This Sheet Has
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12. The mounting assembly of claim 11 wherein the
material is a solvent free epoxy.

13. The mounting assembly of claim 11 wherein the
material is a filler free epoxy.

14. A transmitter connectable to a process line
and providing an output responsive to a pressure in the
process line with respect to atmospheric pressure, the
transmitter comprising:

a housing forming a inner wall around a hole
extending into an interior cavity formed
in the housing;

a sensor for sensing the pressure;

a circuit coupled to the sensor and providing
the output; and

an isolator plug disposed in the hole having:
a diaphragm therein coupling the
pressure via a first passageway to a
distal end of the plug; a second
passageway extending £from a first
surface to a second surface for carrying
atmospheric pressure to the sensor; and
a portion Jjoined to the inner wall,
wherein the portion is disposed between
the first surface and the second
surface.

15. A transmitter connectable to a process line
and providing an output responsive to a pressure in the
process line, the transmitter comprising:

a housing forming a wall around a hole
extending into an interior cavity formed
in the housing; and

an isolating assembly mounted in the hole
isolating fluid in the process line from
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the interior cavity, the isolating
assembly comprising:
an isolator plug located in the hole,
the isolator plug having a
diaphragm disposed on an extending
portion for receiving the pressure,
the extending portion having a
first set of threads;
a connector having a bore extending from
a first end to a second end, the
connector connectable to the
process line at the first end and
having a second set of threads that
mate with the first set of threads
on the extending portion; and
an annular weld joining the isolating
plug to the connector. '
16. A transmitter connectable to a process line
and providing an output responsive to a pressure in the
process line, the transmitter comprising:

a housing forming a wall around a hole
extending into an interior cavity formed
in the housing; and

an isolating assembly mounted in the hole
isolating fluid in the process line from
the interior cavity, the isolating
assembly comprising:
an isolator plug located in the hole,

the isolator plug having a
diaphragm for receiving the
pressure, the isolator plug having
a first mating surface surrounding
a first groove;
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a connector having a second mating

surface surrounding a second
groove, the connector being
disposed such that the first and
second grooves open to each other;
and

an annular weld joining the first mating

surface to the second mating
surface.
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