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(57) Abréegée/Abstract:
A co-planar differential pressure sensor module (100) Is provided. The module (100) Iincludes a base (109) having a pair of

recesses (217, 219). A pair of pedestals (218, 220) Is also provided where each pedestal (218, 220) is disposed In a respective
recess (217, 219) and Is coupled to a respective Isolation diaphragm (222). A differential pressure sensor (208) has a sensing
diaphragm and a pair of pressure sensing ports (210, 212). Each port (210, 212) of the differential pressure sensor (208) Is
fluidically coupled to a respective isolation diaphragm (222) by a fill fluid. The module (100) also includes circuitry (216) coupled to
the differential pressure sensor (209) to measure an electrical characteristic of the sensor (208) that varies with differential
pressure. The base (109) Is constructed from a material that is suitable for submersion in seawater. A method (300) of constructing
a co-planar differential pressure sensor module (100) Is also provided. |In another embodiment, a pressure sensor module Is
provided. The pressure sensor module (100) includes a base having a recess. A pedestal Is disposed In the recess and Is coupled
to an isolation diaphragm. A pressure sensor having a sensing diaphragm and a pressure sensing port Is fluidically coupled to the
Isolation diaphragm by a fill fluid. Circuitry Is coupled to the pressure sensor to measure an electrical characteristic of the sensor
that varies with pressure. The base Is constructed from a material that Iis suitable for submersion in seawater.
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(87) Abstract: A co-planar differential pressure sensor module (100) 1s provided. The module (100) includes a base (109) having a
pair of recesses (217, 219). A pair of pedestals (218, 220) 1s also provided where each pedestal (218, 220) 1s disposed 1n a respective
recess (217, 219) and 1s coupled to a respective isolation diaphragm (222). A differential pressure sensor (208) has a sensing dia -
phragm and a pair of pressure sensing ports (210, 212). Each port (210, 212) of the differential pressure sensor (208) 1s tluidically
coupled to a respective 1solation diaphragm (222) by a fill tfluid. The module (100) also includes circuitry (216) coupled to the dif-
ferential pressure sensor (209) to measure an electrical characteristic of the sensor (208) that varies with differential pressure. The
base (109) 1s constructed from a material that 1s suitable for submersion in seawater. A method (300) ot constructing a co-planar dif -
ferential pressure sensor module (100) 1s also provided. In another embodiment, a pressure sensor module 1s provided. The pressure
sensor module (100) includes a base having a recess. A pedestal 1s disposed i the recess and 1s coupled to an 1solation diaphragm. A
pressure sensor having a sensing diaphragm and a pressure sensing port 1s fluidically coupled to the 1solation diaphragm by a fill flu -
1d. Circuitry 1s coupled to the pressure sensor to measure an electrical characteristic of the sensor that varies with pressure. The base

1s constructed trom a material that 1s suitable for submersion 1n seawater.
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PRESSURE SENSOR MODULE FOR SUB-SEA APPLICATIONS

BACKGROUND

[0001] A process transmitter generally includes a transducer or sensor that responds to a
process variable. A process variable generally refers to a physical or chemical state of matter or
conversion of energy. Examples of process variables include pressure, temperature, flow,
conductivity, pH and other properties. Pressure 1s considered to be a basic process variable that
can be used to measure flow, level and even temperature.

[0002] Pressure transmitters are commonly used in industrial processes to measure and
monitor pressures in various industrial process fluids, such as slurries, liquids, vapors and gases
of chemical, pulp, petroleum, gas, pharmaceuticals, food and other fluid-type processing plants.
Differential pressure transmitters generally include a pair of process fluid pressure inputs which
are operably coupled to a differential pressure sensor (within the transmitter) that responds to the
difference 1n pressure between the two inputs. Differential pressure transmitters typically include
a pair of 1solator diaphragms that are positioned in the process fluid inlets and isolate the
differential pressure sensor from the harsh process fluids being sensed. Pressure 1s transferred
from the process fluid to the differential pressure sensor through a substantially incompressible
fill fluid carried 1n a passageway extending from each isolator diaphragm to the differential
pressure sensor.

[0003] There are typically two types of differential pressure sensor modules. A first type of
differential pressure sensor module 1s termed a bi-planar sensor module. In such a differential
pressure sensor module, the pair of 1solation diaphragms are disposed in different planes, and
often coaxially aligned with one another. FIG. 1 1s a diagrammatic view of a known bi-planar
sensor module (illustrated within rectangle 12) being employed 1n a differential pressure
transmitter 10 that 1s rated to 15,000 psi line pressure. Differential pressure transmitters using bi-
planar sensor modules for line pressures greater than 6000 psi are often very large and complex.
This 1s generally due to the flanges and bolts that are required to retain such high line pressure.
Such large assemblies are typically not ideal for applications requiring submersion in sea water
because they require large, expensive enclosures to protect the sensor module from both

corrosion 1n sea water and the potentially large pressure resulting from deep sub-sea use. For
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example, such a differential pressure transmitter 10 may have a height over 8.5 inches and a
width of over 6 inches.

[0004] A second type of differential pressure sensor module is known as a co-planar sensor
module. In the co-planar sensor module, the 1solator diaphragms are typically disposed in the
same plane as one another.

[0005] Even when configured for high line pressures, transmitter 10 (shown in FIG. 1) 1s not
suitable for direct immersion in sea water. Accordingly, if the transmitter 1s to be used 1n
applications that require it to be submerged in sea water, such as on a well head of an o1l well,
significant modifications are required. FIG. 2 1llustrates the bi-planar differential pressure sensor
module 14 of FIG. 1 where sensor module 14 has been prepared for sub-sea use. The assembly
20 comprising sensor module 14 and enclosure 16 1s quite large due to the need to construct an
enclosure 16 around the entire sensor module 14. For example, one such assembly 20 has a
height of approximately 16 inches and a diameter of approximately 8 inches. Moreover, since the
materials used 1n construction of enclosure 16 are costly, enclosure 16 alone can make the entire
assembly 20 quite expensive.

[0006] Providing a high line pressure differential pressure transmitter that 1s more easily
adaptable to sub-sea environments without requiring extensive modification or expense will
facilitate the more widespread use of differential pressure sensor modules and the measurement

of associated variables, such as flow, pressure and level 1n sub-sea environments.

SUMMARY

[0007] In one embodiment, a co-planar differential pressure sensor module 1s provided. The
module includes a base having a pair of recesses. A pair of pedestals i1s also provided where each
pedestal 1s disposed in a respective recess and 1s coupled to a respective 1solation diaphragm. A
differential pressure sensor has a sensing diaphragm and a pair of pressure sensing ports. Each port
of the differential pressure sensor 1s fluidically coupled to a respective 1solation diaphragm by a fill
fluid. The module also includes circuitry coupled to the differential pressure sensor to measure an
electrical characteristic of the sensor that varies with differential pressure. The base 1s constructed
from a material that 1s suitable for submersion in seawater. A method of constructing a co-planar

differential pressure sensor module i1s also provided. In another embodiment, a pressure sensor
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module 1s provided. The pressure sensor module includes a base having a recess. A pedestal 1s
disposed 1n the recess and 1s coupled to an 1solation diaphragm. A pressure sensor having a sensing
diaphragm and a pressure sensing port 1s fluidically coupled to the isolation diaphragm by a fill
fluid. Circuitry 1s coupled to the pressure sensor to measure an electrical characteristic of the sensor
that varies with pressure. The base 1s constructed from a material that 1s suitable for submersion in

seawater.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] FIG. 1 is a diagrammatic view of a known bi-planar sensor module.
[0009] FIG. 2 illustrates the bi-planar differential pressure sensor module of FIG. 1 prepared
for sub-sea use.
[0010] FIG. 3 1s a diagrammatic view of a co-planar differential pressure sensor module 1n
accordance with an embodiment of the present invention.
[0011] FIG. 4 1s a diagrammatic view of the co-planar differential pressure sensor module
illustrated in FIG. 3 adapted for direct immersion 1n sea water.
[0012] FIG. 5 1s a diagrammatic cross sectional view of a co-planar differential pressure
sensor module 1n accordance with embodiment of the present invention.
[0013] FIG. 6 1s a flow diagram of a method of constructing a co-planar differential pressure
sensor 1n accordance with an embodiment of the present invention.
[0014] FIG. 7 1s a flow diagram of a method for adapting a co-planar differential pressure
sensor module for submersion 1n seawater in accordance with an embodiment of the present

invention.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
[0015] Embodiments of the present invention generally may be used in a co-planar
differential pressure sensor module that has a pair of co-planar 1solation diaphragms and an all-
welded construction. Additionally, at least some embodiments of the present invention ensure
that all critical line-pressure retaining welds are protected from sea water to reduce the
possibility of weld failure due to corrosion. Further, suitable materials are used to simplify the

preparation of the co-planar differential pressure sensor module for sub-sea applications.
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Alternatively, embodiments of the present invention may be used 1n a pressure transmitter that
does not sense differential pressure, but instead senses a single process fluid pressure, such as an
absolute or gauge pressure transmitter.

[0016] FIG. 3 1s a diagrammatic view of a co-planar differential pressure sensor module 100
in accordance with an embodiment of the present invention. Sensor module 100 resembles prior-
art sensor modules 1n that it 1s coupleable to electronics enclosure 102 and can measure
differential pressure introduced at a pair of process fluid pressure inlets 104, 106. However, a
base portion 108 of differential pressure sensor module 100 1s constructed from a material that 1s
suitable for direct immersion 1n salt water. As defined herein, ““Suitable for direct immersion in
salt water” means that the material will not corrode or otherwise be impermissibly degraded 1n
the presence of salt water for a viable product lifetime. Examples of materials that are suitable
for direct immersion 1n salt water include Alloy C276 available from Haynes International Inc.,
of Kokomo, Indiana under the trade designation Hastelloy C276; Inconel alloy 686, available
from The Special Metal Family of Companies of New Hartford, New York; and Alloy C-22
available from Haynes International. Of particular interest 1s Alloy C276, which has the
following chemical composition (by % weight): Molybdenum 15.0-17.0; Chromium 14.5-16.5;
Iron 4.0-7.0; Tungsten 3.0-4.5; Cobalt 2.5 maximum; Manganese 1.0 maximum; Vanadium 0.35
maximum; Carbon 0.01 maximum; Phosphorus 0.04 maximum; Sulfur 0.03 maximum; Silicon
0.08 maximum; and balance Nickel.

[0017] As 1illustrated in FIG. 3, base portion 108 may be designed much smaller than the
differential pressure sensor module 1llustrated in FIGS. 1 and 2. Specifically in this example,
base portion 108 has a diameter of 3.5 inches. Even when coupled to electronics enclosure 102,
the overall height of the assembled transmitter in this example 1s only 8.25 inches. Sensor
module 100 also includes sidewall 110 coupled to base portion 108, which sidewall 110 couples
to cap 112. An electrical feedthrough connector 114 1s coupleable to electronics enclosure 102
and includes conductors to provide power to module 110 as well as bidirectional communication.
In some embodiments, module 100 may communicate over the same conductors through which it
1s powered.

[0018] FIG. 4 1s a diagrammatic view of co-planar differential pressure sensor module 100

(1llustrated 1in FIG. 3) adapted for direct immersion in sea water. Specifically, the upper portion
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of co-planar differential pressure module 100, proximate electrical connection point 115, 1s
covered with a high-pressure bearing end cap 200 that 1s constructed from a material that 1s
suitable for direct immersion in sea water. Moreover, the high pressures associated with
exposure to sea water at extreme depths are borne by end cap 200 which maintains its shape and
integrity while so subjected. Additionally, end cap 200 1s preferably constructed from the same
material as the bottom portion 108 of co-planar differential pressure sensor module 100. For
example, if bottom portion 108 of module 100 1s constructed from Alloy C276, 1t 1s preferred
that end cap 200 also be constructed from Alloy C276. However, in embodiments where they are
not constructed from the same materials, end cap 200 must be constructed from a material that 1s
suitable for welding to portion 108 of module 100. This means that either the metallurgy of the
two materials must be compatible enough for welding and/or the melting points of the two
materials must be close enough to each other. An additional requirement for welding difterent
metals 1s the metallurgy of the resulting weld (which 1s different than either starting material)
must also be corrosion resistant. As can be appreciated from FIG. 4, co-planar differential
pressure sensor module 100 can be adapted for direct immersion 1n sea water relatively easily by
simply welding end cap 200 directly to lower portion 108 at interface 202. Moreover, the entire
assembly, 1n this example, 1s still relatively small, having a diameter of about 3.5 inches and a
height of only 6.7 inches. Electrical connection point 115 through end cap 200 can be performed
in any suitable manner. For example, a high-pressure glass header may be used to pass
conductors through end cap 200 in order to couple to connection point 1135.

[0019] FIG. 5 1s a diagrammatic cross sectional view of co-planar differential pressure sensor
module 100 in accordance with embodiment of the present invention. Module 100 includes a
lower portion 108 that 1s constructed from a material suitable for direct immersion in sea water.
In fact, all components below line 204 are adapted for exposure to sea water. While a number of
viable materials may be suitable for submersion in sea water, one particularly suitable example 1s
Alloy C276, set forth above. Lower portion 108 1s coupled to sidewall 110 and cap 112 to define
a chamber 206 therein. Differential pressure sensor 208 1s disposed in chamber 206 and has a
pair of differential pressure sensor inputs 210, 212 that convey process pressure to deflectable
diaphragm 214, which has an electrical characteristic, such as capacitance, that varies with

diaphragm deflection. The electrical characteristic 1s measured, or otherwise transduced by
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circuitry 216 disposed proximate sensor 208. Circuitry 216 also conditions the capacitance
measurement for transmission through electrical connection point 1135.

[0020] As set forth above, all components positioned below line 204 may be exposed directly
to sea water. Thus, the components must not only be capable resisting corrosion in such
environments, they must be able to bear high line pressure, such as 15000 psi. Base portion 108
includes a pair of recesses 217, 219 each having a respective pedestal 218, 220. An 1solator
diaphragm 222 1s coupled to each pedestal 218, 220 and conveys a respective process fluid
pressure through a fill fluid located in respective passageways 224, 226. In this way, the two
process fluid pressures are conveyed to differential pressure sensor 208 without allowing the
process fluid to contact differential pressure sensor 208.

[0021] Another important aspect of module 100 1is the separation between components
loaded from high line pressure (up to 15,000 psi1) from the components loaded by high ambient
pressures (“only” 5,000 psi) in the subsea environment. This separation, indicated at reference
numeral 235, 1s important for several reasons. The depth in the sea has no impact on the
differential pressure reading. The high line pressure i1s not static, resulting in pressure fatigue
loading on sensor 208, process connectors 230, 232, and pedestals 218, 220. Because the
housing components are 1solated from the line pressure, the housing components do not need to
be designed for fatigue but only for a constant ambient pressure.

[0022] As illustrated 1n FIG. 5, each process fluid pressure port 104, 106 preferably includes
a respective integrated process connector 230, 232 that 1s welded to lower portion 108 in order to
provide a corrosion-resistant, high-pressure coupling. Each weld extends about the entire
circumference of each connector such that the weld not only robustly mounts the connector to
portion 108, but also seals the connector thereto. The weld defines the only interaction between
components loaded by ambient pressure and components loaded by line pressure. Each
integrated process connector 230, 232 includes a process fluid pressure receiving aperture 236
that 1s suitable for exposure to process fluid at pressures up to 15,000 psi. Additionally, each
pedestal 218, 220 1s also preferably welded to its respective process connector 230, 232 before
the process connectors 230, 232 are welded to portion 108. In this way, the critical process

pressure retaining welds are protected inside the module from the corrosive effects of sea water
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exposure. In some embodiments, process connectors 230, 232 can be prepared for both welded
and autoclave connections.

[0023] FIG. 6 1s a flow diagram of a method of constructing a co-planar differential pressure
sensor 1n accordance with an embodiment of the present invention. Method 300 begins at block
302 where a co-planar differential pressure sensor module having a pair of co-planar recesses 1s
provided. Next, at block 304, a pair of pedestals 1s provided. Each pedestal has an isolation
diaphragm welded thereto. At block 306, a pair of process connectors i1s provided. At block 308,
a first pedestal 1s welded to a first process connector. As set forth above, such weld 1s continuous
about the circumference of the first process connector in order to completely seal the first
process connector to the first pedestal. At block 310, a second pedestal 1s welded to a second
process connector. Again, such weld 1s continuous about the circumterence of the second process
connector 1n order to completely seal the second process connector to the second pedestal. At
block 312, the first pedestal 1s inserted into one of the pair of recesses and the first process
connector 1s welded to the co-planar differential pressure sensor module. The weld 1s preferably
a continuous weld about the circumference of the first process connector in order to seal the first
process connector to the co-planar differential pressure sensor module. At block 314, the second
pedestal 1s inserted into the other of the pair of recesses and the second process connector 1s
welded to the co-planar differential pressure sensor module. The weld 1s preferably a continuous
weld about the circumference of the second process connector in order to seal the second process
connector to the co-planar differential pressure sensor module. As set forth above, in some
embodiments, a portion of the differential pressure sensor module and the first and second
process connectors are constructed from a material that 1s suitable for direct submersion in
seawater, such as Alloy C276.

[0024] FIG. 7 1s a flow diagram of a method for adapting a co-planar differential pressure
sensor module for submersion in seawater in accordance with an embodiment of the present
invention. Method 320 begins at block 322 where a pressure-bearing, corrosion-resistant cover
assembly 1s provided. This cover may be the cover illustrated at reference numeral 200 1in FIG. 4,
or any other suitable cover. The cover 1s preferably formed from Alloy C276 and may be
constructed by welding a cylindrical section to a cap section, as indicated at phantom block 324.

Alternatively, the entire cover assembly can be manufactured as a single piece, such as by
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casting or forging, as illustrated at block 326. At block 328, the corrosion-resistance cover
assembly 1s welded to a base portion of a co-planar differential pressure sensor. The weld 1s
preferably continuous such that the cover assembly 1s sealed to the co-planar differential pressure
sensor module. When so configured, embodiments of the present invention can provide a
differential pressure sensor module rated for line pressures as high as 15,000 psi while
submerged 1n seawater for a period of years. Further, 1t 1s believed that embodiments of the
present invention can provide differential pressure measurements 1n such applications for
substantially less cost than prior designs.

Embodiments of the present invention generally provide a co-planar differential pressure
sensor module having at least a portion that is made from a material that 1s selected for its
resistance to corrosion in seawater. One exemplary material 1s Alloy C276. Additionally,
embodiments of the present invention generally leverage an all-welded approach to eliminate the
need for large bolted flanges, thereby reducing size and potentially eliminating crevices where
corrosion can easily begin. Further still, some embodiments of the present invention position
critical, process pressure-retaining welds within the module in order to protect the welds from
seawater corrosion. Additionally, in some embodiments, a pressure sensor module includes a
base with a single recess and a pedestal 1n the recess that 1s coupled to an 1solation diaphragm. A
pressure sensor, such as an absolute pressure sensor or gauge pressure sensor includes a sensing
diaphragm and a pressure sensing port fluidically coupled to the 1solation diaphragm by a fill
fluid. Circuitry of the pressure sensor module 1s coupled to the pressure sensor to measure an
electrical characteristic of the sensor that varies with pressure. The base of the pressure sensor
module 1s constructed from a material that 1s suitable for submersion in seawater.

[0025]

[0026] Although the present invention has been described with reference to preferred
embodiments, workers skilled 1n the art will recognize that changes may be made in form and
detail without departing from the spirit and scope of the invention. For example, while
embodiments of the present invention are generally directed to a co-planar differential pressure
sensor module that can be adapted for sub-sea use, embodiments of the present invention may

also be practicable in other highly corrosive environments.
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WHAT IS CLAIMED IS:

1. A co-planar differential pressure sensor module comprising:

a base having a pair of recesses,

a pair of pedestals, each pedestal being disposed 1n a respective recess and being coupled
to a respective 1solation diaphragm:;

a differential pressure sensor having a sensing diaphragm and a pair of pressure sensing
ports, each port being fluidically coupled to a respective 1solation diaphragm by a
fill fluid;

circuitry coupled to the differential pressure sensor to measure an electrical characteristic
of the sensor that varies with differential pressure; and

wherein the base 1s constructed from a material that 1s suitable for submersion 1n

seawater.

2. The co-planar differential pressure sensor module of claim 1, wherein the material 1s
Alloy C276.

3. The co-planar differential pressure sensor module of claim 1, and further comprising a

pair of process connectors, each process connector being coupled to a respective pedestal and
being coupled to the base.
4, The co-planar differential pressure sensor module of claim 3, wherein the pair of process

connectors are constructed from a material that 1s suitable for submersion 1in seawater.

J. The co-planar differential pressure sensor module of claim 4, wherein the material 1s
Alloy C276.
0. The co-planar differential pressure sensor module of claim 3, wherein each process

connector 1s welded to a respective pedestal and welded to the base.

7. The co-planar differential pressure sensor module of claim 6, wherein the only structural
connection between the line pressure components of the module and ambient pressure-loaded
components of the module 1s at welds between each process connector and the base.

3. The co-planar differential pressure sensor module of claim 3, wherein the pair of process

connectors are configured for both welded and autoclave connections.
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9. The co-planar differential pressure sensor module of claim 1, and further comprising a
cover disposed over a portion of the module and being coupled to the base.
10. The co-planar differential pressure sensor module of claim 9, wherein the cover 1s
constructed from a material that 1s suitable for submersion in seawater.
11. The co-planar differential pressure sensor module of claim 10, wherein the cover 1s
welded to the base in a continuous weld to seal the cover to the base.
12. A method of manufacturing a co-planar differential pressure sensor module, the method
comprising:
providing a co-planar differential pressure sensor module with a pair of co-planar
recesses;
providing a pair of pedestals, each pedestal having an 1solator diaphragm:;
providing a pair of process connectors;
welding a first pedestal to a first process connector;
welding a second pedestal to a second process connector;
inserting the first pedestal into one of the pair of co-planar recesses and welding the first
process connector to the co-planar differential pressure sensor module; and
inserting the second pedestal into the other of the pair of co-planar recesses and welding
the second process connector to the co-planar differential pressure sensor module.
13. The method of claim 12, wherein providing the co-planar differential pressure sensor
module includes providing a co-planar differential pressure sensor module having a portion that
1s adapted for submersion 1n seawater.
14, The method of claim 13, wherein the portion 1s proximate the pair of co-planar recesses.
13. The method of claim 13, wherein portion that 1s adapted for submersion in seawater 1s
constructed from Alloy C276.
16. The method of claim 12, wherein providing the pair of process connectors includes
providing the pair of process connectors that are adapted for submersion 1n seawater.

17. The method of claim 16, wherein the pair of process connectors are constructed from

Alloy C276.
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18. The method of claim 12, and further comprising atfixing a cover to the co-planar
differential pressure sensor module, the cover being adapted for submersion in seawater.
19.  The method of claim 18, wherein the cover i1s constructed from Alloy C276.
20. A pressure sensor module comprising:
a base having a recess;
a pedestal disposed 1n the recess and being coupled to an 1solation diaphragm:;
a pressure sensor having a sensing diaphragm and a pressure sensing port fluidically
coupled to the 1solation diaphragm by a fill fluid;
circuitry coupled to the pressure sensor to measure an electrical characteristic of the
sensor that varies with pressure; and
wherein the base 1s constructed from a material that 1s suitable for submersion in
seawater.
21. The pressure sensor module of claim 20, and further comprising a process connector
coupled to the pedestal and being coupled to the base.
22. The pressure sensor module of claim 21, wherein the process connector 1s constructed
from a material that 1s suitable for submersion in seawater.
23. The pressure sensor module of claim 22, wherein the material 1s Alloy C276.
24, The pressure sensor module of claim 21, wherein the process connector 1s welded to the
pedestal and welded to the base.
25. The differential pressure sensor module of claim 24, wherein the only structural
connection between the line pressure components of the module and ambient pressure-loaded

components of the module 1s a weld between the process connector and the base.
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