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FLUID PRESSURE SENSING METHOD AND APPARATUS

BACKGROUND OF THE INVENTION

1. Field of Invention

This invention relates to a fluid pressure sensing method and apparatus and
components thereof.

2. Description of Related Art

Pressure sensors for pressurized systems are known. Some pressure
sensors are designed for permanent installation on a pressurized system and
may have a pipe coupling or hose coupling to facilitate connection to the
system. Often, screw threads are involved on such couplings and threaded
engagement with the coupling secures the pressure sensor thereto.

One example of an area where such sensors are used is in vehicle tire
pressure monitoring. Typically, pressure sensors for tire pressure monitoring
are formed with housings that have a cylindrical protrusion having an inside
threaded wall for engagement with an outside threaded portion of a valve
stem on a tire. Typically, the tire is filled with air and then the pressure sensor
is screwed on to the valve stem in such a manner that it cooperates with a
valve actuator in the valve stem to cause pressurized fluid in the tire to be
communicated to the pressure sensor.

A problem with the above type of sensor is that it must be removed to allow
access to the valve in the valve stem in order to change the air pressure in the
tire. This can be time consuming, especially where there are individual

sensors on each wheel of a large transport truck for example.
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SUMMARY OF THE INVENTION

In accordance with one aspect of the invention, there is provided a method of
producing a circuit carrier for mounting components of a pressure sensing
circuit. The method involves forming on a substrate a circuit portion and an
antenna portion. Forming the antenna portion involves forming a radio frequency
antenna on the antenna portion. The method further involves forming the circuit
portion which involves causing at least one power supply mount for a power
supply for the pressure sensing circuit to be formed at a side of the substrate
such that the power supply projects outwardly from the substrate. Forming the
circuit portion also involves causing a pressure sensor mount to be formed on
the substrate such that when a pressure sensor is mounted to the mount a flat
surface about a sensor opening of the pressure sensor is generally parallel and
spaced apart from a first surface of the substrate and is adjacent the power
supply. Forming the circuit portion further involves causing ancillary component
mounts to be formed in the circuit portion, the ancillary component mounts being
operable to facilitate mounting of ancillary components for effecting a transmitter
function. Forming the circuit portion also involves causing circuit
interconnections between the at least one power supply mount, the pressure
sensor mount and the ancillary component mounts and the antenna to be
formed on the substrate such that a pressure sensor mounted to the pressure
sensor mount and ancillary components mounted to the ancillary component
mounts are operable to receive power from a power supply mounted to the
power supply mount and such that when the pressure sensor and ancillary
components receive power from the power supply the transmitter function is
effected, the transmitter function being operable to produce a transmittable
signal in response to a pressure signal received from the pressure sensor, the
transmittable signal being operable to be radiated by the antenna, for wireless
reception by a remote receiver.

The power supply mount may include a battery mount.
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The battery mount may include first and second battery mounts on opposite
sides of the substrate, the pressure sensor mount being located between the
first and second battery mounts.

The first and second battery mounts may be operably configured to facilitate
mounting of disk-shaped batteries such that axes of the disk shaped batteries
are generally parallel to a top surface of the substrate.

Forming the circuit portion and the antenna portion may involve causing the
circuit portion to be located on a first end of the substrate and causing the
antenna portion to be located on a second end of the substrate.

Forming the antenna portion may involve forming a serpentine conductor on the
second end of the substrate.

Causing the ancillary component mounts to be formed in the circuit portion may
involve causing switch contacts to be formed on the substrate, for mounting a
switch thereto, and causing the circuit interconnections to be formed on the
substrate comprises causing the circuit interconnections to connect the switch
contacts to at least one of the ancillary component mounts, the power supply

mount and the pressure sensor mount.

Causing the switch contacts to be formed on the substrate may involve causing
the switch contacts to be formed on a second surface of the substrate, wherein
the second surface is generally parallel and spaced apart from the first surface.

Producing a pressure sensor circuit assembly may involve installing a power
supply on the power supply mount of the circuit carrier and installing a pressure
sensor on the pressure sensor mount of the circuit carrier, and installing
ancillary components on the ancillary component mounts of the circuit carrier,
such that the ancillary components are operable to effect the transmitter
function.
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Housing the pressure sensor circuit assembly may involve receiving the circuit
portion in a cavity of a body having a wall defining a pressure sensing chamber
such that the opening in the pressure sensor is aligned with an opening in the
pressure chamber. The method may further involve urging the substrate in a
direction tending to press the flat surface of the pressure sensor against a seal
between the flat surface and a portion of the wall defining the pressure chamber,
such that the opening in the pressure sensor is in fluid communication with the
opening in the pressure chamber and such that the seal prevents ambient
pressure from interfering with communication of fluid between the opening in the
pressure sensor and the opening in the pressure chamber.

Receiving may involve aligning the opening in the pressure sensor with the
opening in the pressure chamber.

Aligning may involve guiding the circuit assembly into a position relative to the
pressure chamber such that the opening in the pressure sensor is aligned with
the opening in the pressure chamber.

Guiding may involve confining lateral movement of the circuit assembly.
Guiding may involve guiding edges on opposite sides of the substrate to position
the substrate relative to the pressure chamber while the substrate is moved into

the cavity.

Urging may involve applying a force to a second surface of the substrate, the
second surface being opposite the first surface.

Applying the force may involve causing the second surface of the substrate to
bear upon a support in the cavity.
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Causing the second surface of the substrate to bear upon the support may
involve causing the second surface to bear upon first and second spaced apart
supports.

The method may involve holding a resilient switch actuator adjacent switch
contacts formed on the substrate.

Holding may involve receiving the switch actuator in an opening in the outer

wall.

Holding may involve fastening a holder to the outer wall such that a surface of
the switch actuator is accessible from outside the body.

In accordance with another aspect of the invention, there is provided a circuit
carrier apparatus for a fluid pressure sensor. The apparatus includes a substrate
having first and second opposite edges, first and second opposite ends and first
and second opposite facing surfaces. The apparatus also includes a circuit
portion on the first end and an antenna portion on the second end. The antenna
portion includes a radio frequency antenna. The circuit portion may include at
least one power supply mount for a power supply for the pressure sensing
circuit, the power supply mount being located at a side of the substrate and such
that the power supply projects outwardly from the substrate. The circuit portion
may also include a pressure sensor mount formed on the substrate such that
when a pressure sensor is mounted to the mount, a flat surface about a sensor
opening on the pressure sensor is generally parallel and spaced apart from the
first opposite facing surface and is adjacent the power supply. The circuit portion
further includes ancillary component mounts formed in the circuit portion, the
ancillary component mounts being operable to facilitate mounting of ancillary
components for effecting a transmitter function. The circuit portion also includes
circuit interconnections between the at least one power supply mount, the
pressure sensor mount, the ancillary component mounts and the antenna such
that a pressure sensor mounted to the pressure sensor mount and ancillary
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components mounted to the ancillary component mounts are operable to
receive power from a power supply mounted to the power supply mount and
such that when the pressure sensor and ancillary components receive power
from the power supply a transmitter function is effected, the transmitter function
is operable to produce a transmittable signal in response to a pressure signal
received from the pressure sensor, the transmittable signal being operable to be
radiated by the antenna, for wireless reception by a remote receiver.

The power supply mount may include a battery mount.

The battery mount may include first and second battery mounts on opposite
sides of the substrate, the pressure sensor mount being located between the
first and second battery mounts.

The first and second battery mounts are operably configured to facilitate
mounting of disk-shaped batteries such that axes of the disk shaped batteries
are generally parallel to a top surface of the substrate.

The antenna portion may involve a serpentine conductor on the second end of
the substrate.

The apparatus may include switch contacts formed on the substrate, for
cooperating with a switch contactor, the switch contacts being connected by the
circuit interconnections to at least one of the ancillary component mounts, the
power supply mount and the pressure sensor mount.

The switch contacts may be formed on the second surface of the substrate.
The pressure sensor circuit apparatus may include the circuit carrier and may

also include a power supply installed on the power supply mount, a pressure
sensor installed on the pressure sensor mount and ancillary components
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installed on the ancillary component mounts, such that the ancillary components
are operable to effect the transmitter function.

In accordance with another aspect of the invention, there is provided an
apparatus for housing a pressure sensor circuit. The apparatus includes a body
which may include an outer wall defining a cavity operably configured to hold a
substrate carrying a pressure sensor having a pressure sensing opening. The
body also includes an inner wall inside the cavity defining a pressure sensing
chamber, an opening in the inner wall, and a seal interface about the opening.
The body further includes aligning provisions for aligning the pressure sensor
opening with the opening in the inner wall to provide for communication of fluid
between the pressure sensing chamber and the pressure sensor opening. The
body also includes urging provisions for urging the pressure sensor against a
seal adjacent the seal interface, such that the opening in the pressure sensor is
in fluid communication with the opening in the inner wall and such that the seal
prevents ambient pressure from interfering with communication of fluid between

the opening in the pressure sensor and the opening in the inner wall.

The aligning provisions may include guiding provisions for guiding the substrate
into a position in which the opening in the pressure sensor is aligned with the

opening in the inner wall.

The guiding provisions may include stops operable to contact the first and
second sides of the substrate for confining lateral movement of the circuit
assembly.

The first and second sides of the substrate may have first and second edges
respectively, and the stops may include first and second stops operably
configured to bear on the first and second edges to laterally position the
substrate relative to the inner wall.
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The urging provisions may include provisions for applying a force on the second
opposite surface of the substrate.

The provisions for applying a force may include a support on the outer wall of
the body and facing inside the cavity, wherein the second opposite surface of
the substrate to bears upon the support.

The support may include first and second spaced apart supports on the outer
wall and facing into the cavity, wherein the second opposite surface of the
substrate to bears upon the fist and second supports.

The apparatus may further include holding provisions for holding a resilient
switch actuator in the outer wall such that the switch actuator is operable to
make contact with switch contacts formed on the second opposite surface of the
substrate.

The holding provisions may include a switch opening and the switch opening
may be operable to receive the switch actuator.

The holding provisions may further include a flat member having an opening
permitting access to a surface of the switch actuator, the flat member being
fastened to the body such that the resilient switch actuator provides a seal to
prevent ingress and egress of fluid relative to the cavity through the switch
actuator opening.

In accordance with another aspect of the invention, there is provided a pressure
sensor apparatus. The pressure sensor apparatus includes a circuit carrier
apparatus including a substrate having first and second opposite edges, first
and second opposite ends and first and second opposite facing surfaces. The
apparatus also includes a circuit portion on the first end and an antenna portion
on the second end. The antenna portion includes a radio frequency antenna and
the circuit portion includes at least one power supply located at a side of the
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substrate and such that the power supply projects outwardly from the substrate.
The circuit portion also includes a pressure sensor having a flat surface and a
pressure sensor opening on the flat surface, the flat surface being generally
parallel and spaced apart from the first opposite facing surface and adjacent the
power supply. The circuit portion further includes a transmitter connected to the
pressure sensor for producing a signal for radiation by the antenna in response
to a sense signal produced by the pressure sensor. The pressure sensor
apparatus includes a housing for housing the circuit carrier apparatus. The
housing includes a body that has an outer wall defining a cavity operably
configured to hold the circuit portion of the substrate. The body also has an inner
wall inside the cavity defining a pressure sensing chamber, an opening in the
inner wall, a seal about the opening and aligning provisions for aligning the
pressure sensor opening with the opening in the inner wall to provide for
communication of fluid between the pressure sensing chamber and the pressure
sensor opening. The body further has urging provisions for urging the pressure
sensor against the seal, such that the opening in the pressure sensor is in fluid
communication with the opening in the pressure sensing chamber and such that
the seal prevents ambient pressure from interfering with communication of fluid
between the opening in the pressure sensor and the opening in the pressure
sensing chamber. The housing also includes potting material in the cavity and
about the circuit portion for securing the substrate in the cavity. The housing
further includes a cover for covering the antenna portion, the cover being
sealingly engaged with the housing to prevent ingress and egress of fluid
relative to the cavity.

The inner wall may define a first opening into the pressure sensing chamber, the
first opening being operable to receive a pressure coupling for coupling fluid
pressure from a pressurized system to the pressure sensing chamber.

The outer wall may define a second opening into the pressure sensing chamber,
the second opening being generally coaxial with the first opening to permit a
projection on the pressure coupling to be inserted into the first opening to extend
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through the pressure sensing chamber such that a portion of the pressure
coupling extends out of the second opening.

The aligning provisions may involve guiding provisions for guiding the substrate
into a position in which the opening in the pressure sensor is aligned with the
opening in the inner wall.

The guiding provisions may involve stops operable to contact the first and
second sides of the substrate for confining lateral movement of the circuit
assembly.

The first and second sides of the substrate may have first and second edges
respectively, and the stops may include first and second stops operably
configured to bear the first and second edges to laterally position the substrate

relative to the inner wall.

The urging provisions may include provisions for applying a force to the second
opposite surface of the substrate.

The provisions for applying a force may include a support on the outer wall of
the body, the support facing inside the cavity, the second opposite surface of the
substrate bearing upon the support.

The support may include first and second spaced apart supports on the outer
wall and facing into the cavity, wherein the second opposite surface of the
substrate to bears upon the support.

The circuit portion may include switch contacts formed on the second opposite
facing side of the substrate, the switch contacts being operably connected to
the pressure sensor and the apparatus may further comprise a resilient switch
actuator and holding provisions for holding the resilient switch actuator in the
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outer wall such that the switch actuator is operable to make contact with the
switch contacts.

The holding provisions may include a switch opening holding the switch

actuator.

The holding provisions may further include a flat member having an opening
permitting access to a surface of the switch actuator the flat member being
fastened to the body such that the resilient switch actuator provides a seal to
prevent ingress and egress of fluid relative to the cavity through the switch

actuator opening.

In accordance with another aspect of the invention, there is provided a pressure
sensing system including the pressure sensor apparatus above and a pressure
coupler operably configured to communicate with the pressure sensing chamber
of the pressure sensor apparatus above to communicate fluid pressure to the

pressure sensor.

The pressure coupler may include a projection having an inlet opening operably
configured to communicate with a pressurized system to receive pressurized
fluid therefrom, and the projection and the pressure sensing chamber may be
operably configured such that the projection is sealingly received in the pressure
sensing chamber and such that fluid entering the inlet opening is communicated
to the pressure sensor through the pressure sensing chamber.

Other aspects and features of the present invention will become apparent to
those ordinarily skilled in the art upon review of the following description of
specific embodiments of the invention in conjunction with the accompanying
figures.
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BRIEF DESCRIPTION OF THE DRAWINGS
In drawings which illustrate embodiments of the invention,

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

Figure 7

Figure 8

Figure 9

is a perspective view of a pressure sensing system according a

first embodiment of the invention.

is a cross-sectional view of a pressure sensor apparatus of the
pressure sensing system of Figure 1 connected to a pressure
coupler.

is an exploded perspective view of the pressure sensor apparatus
shown in Figure 1.

is a perspective view of a circuit carrier apparatus of the pressure
sensor apparatus shown in Figure 1.

is a perspective view of an underside of the circuit carrier

apparatus shown in Figure 4.

is a rear end view of a housing of the pressure sensor apparatus

shown in Figure 1.

is a perspective view showing a front, bottom, and left hand side of

the housing shown in Figure 6.

is a fragmented cross-sectional view of a portion of the housing
shown in Figure 6 with the circuit carrier apparatus disposed
therein.

is an exploded perspective view of the housing shown in Figure 6,
with the circuit carrier apparatus installed therein, and ready to
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receive a cover for sealing the circuit carrier apparatus within the

housing.

is a cross-sectional view of a pressure coupler according to a first
alternative embodiment of the invention.

is a cross-section view of a pressure coupler according to a
second alternative embodiment of the invention.

is a cross-sectional view of a pressure coupler according to a third
alternative embodiment of the invention.

is a cross-sectional view of a pressure coupler according to a

fourth alternative embodiment of the invention.

is a cross-sectional view of a pressure coupler according to a fifth
alternative embodiment of the invention.

DETAILED DESCRIPTION
Referring to Figure 1, a pressure sensing system according to a first

embodiment of the invention is shown generally at 10 and includes a pressure

sensor apparatus 11 mounted on a pressure coupler shown generally at 12.

Referring to Figure 2, the pressure coupler 12 in this embodiment includes a

body 13 having an inlet opening 14 for receiving pressurized fluid from a

pressurized system. In one embodiment, the pressurized system may include

a tire (not shown) having a valve stem 17 operable to be received in the

inlet opening 14. In such an embodiment, the inlet opening 14 may be

threaded as shown at 18, for example, to receive corresponding threads 20 of

an end of the valve stem 17.
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In this embodiment, the body 13 also has a projection 16 having first and
second passages 22 and 24 in communication with the inlet opening 14 which
are connected to and in communication with a valve bore 26 operable to

receive a valve core 28 in sealing engagement therein.

Adjacent the passages 22 and 24, a solid portion 30 of the body is disposed
approximately centrally in a bottom portion of the inlet opening 14 to bear
upon a valve actuator 32 of the valve stem 17 when the threads 20 on the
valve stem 17 are fully engaged with the threads 18 of the inlet opening 14.
Thus, the valve of the valve stem 17 is opened as the valve stem is screwed
into the inlet opening 14 by action of the valve actuator 32 being pressed
inwardly due to it bearing upon the solid portion 30 as the pressure coupler is
threaded thereon. Fluid in the tire with which the valve stem 17 is in
communication, is operable to pass through the passages 22 and 24 to the
valve bore 26. A further passageway 33 provides for communication between
the valve bore 26 and an external opening 34 on an exterior surface 36 of the
projection 16.

Referring to Figure 3, the pressure sensor apparatus is shown in greater
detail at 50 and includes a circuit carrier apparatus shown generally at 52, a
housing shown generally at 54 for housing the circuit carrier apparatus and a
cover 56 for covering a portion of the circuit carrier apparatus.

Referring to Figure 4, the circuit carrier apparatus 52 includes a substrate 60
which, in this embodiment, includes a printed wiring board. The substrate 60
has first and second opposite edges 62 and 64, first and second opposite
ends 66 and 68, and first and second opposite facing surfaces 70 and 72
respectively. A circuit portion shown generally at 74 is located on the first end
66 of the substrate 60 and an antenna portion shown generally at 76 is
located on the second end 68. In this embodiment, the antenna portion 76
includes a radio frequency antenna shown at 78 comprised of a serpentine
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conductor formed on a surface of the second end 68. The serpentine
conductor may be formed from an etched copper strip, for example.

The circuit portion 74 comprises, in this embodiment, first and second power
supply mounts shown generally at 80 and 82 which, in this embodiment, are
contact pads having through-holes through the substrate 60 for mounting pins
of battery holders, for example to the substrate. In this embodiment, the first
and second power supply mounts 80 and 82 are located on opposite sides of
the substrate 60, near the first and second edges 62 and 64 respectively so
that battery mounts such as battery holders 81 and 83 mounted thereto
project upwardly from the first face surface 70 of the substrate to hold disk-
shaped batteries 85 and 87 in an upright orientation, as shown in Figure 3
such that axes of the batteries are generally parallel to the first surface 70 of
the substrate 60.

Referring back to Figure 4, the circuit portion 74 further comprises a pressure
sensor mount shown generally at 84 which, in this embodiment, includes pads
formed on the substrate to receive an integrated circuit pressure sensor such
as an NPX-1 tire pressure sensor available from General Electric Industrial
Sensing of Billerica, MA, USA.

Referring back to Figure 3, a pressure sensor 86 is shown mounted to the
pressure sensor mount (84) and is located adjacent the power supply, and
more particularly between the battery mounts 81 and 83. The pressure sensor
86 has a flat surface 88 extending about a pressure sensing opening 90 on
the pressure sensor. The flat surface 88 is generally parallel and spaced apart
from the first face surface 70.

Referring back to Figure 4, the circuit portion 74 further includes ancillary
component mounts, one of which is shown generally at 100, for mounting
ancillary components for effecting a transmitter function. Such ancillary
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components may include transistors, resistors, capacitors, and a crystal for
example.

In addition, the circuit portion 74 includes circuit interconnections, one of
which is shown at 102, operably configured to extend between the power
supply mounts 80 and 82, the pressure sensor mount 84, the ancillary
component mounts 100 and the antenna 78 such that when the pressure
sensor 86 is mounted to the pressure sensor mount 84 and ancillary
components are mounted to the ancillary component mounts 100 these
components are operable to receive power from a power supply mounted to
the power supply mounts 80 and 82 such that a transmitter function is
effected. The circuit interconnections and ancillary components connected
thereto implement any of a plurality of commonly known RF transmitter
circuits operable to produce an RF signal that will be radiated by the antenna
portion 76. The transmitter function causes a transmittable signal to be
produced by the ancillary components, in response to a pressure signal
received from the pressure sensor 86. The transmittable signal is radiated by
the antenna portion 76 for wireless reception by a remote receiver.

Referring to Figure 5, in this embodiment, the second opposite face surface
72 has switch contacts 104 and 106 comprised of generally c-shaped traces
on the second face surface 72. The switch contacts 104 and 106 have legs
108 and 110 that are juxtaposed to co-operate with a switch contactor shown
in Figure 8. The switch contacts 104 and 106 are connected by circuit
interconnections to at least one of the ancillary component mounts 100, the
power supply mounts 80 and 82 and the pressure sensor mount 84 to
facilitate closing and opening a circuit involving at least one of the ancillary
components connected to the ancillary component mounts 100, the power
supply connected to the power supply mounts 80 and 82 and the pressure
sensor 86 connected to the pressure sensor mount 84. For example, the
switch contacts 104 and 106 may be connected to certain pins of the pressure
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sensor 86 to open and close a circuit associated therewith so as to place the
pressure sensor 86 into a desired state of operation.

Referring back to Figure 3, the housing 54 includes a body 120 having an
outer wall 122 and an inner wall 124. Referring to Figure 6, the outer wall
defines a cavity 126 operably configured to hold the circuit carrier apparatus
52 as shown in broken outline at 128. The inner wall 124 is inside the cavity
126 and defines a generally cylindrical pressure sensing chamber 130. The
inner wall 124 has an opening shown in broken outline at 132 extending
between the pressure sensing chamber 130 and the cavity 126. A seal
interface 134 is disposed about the opening 132 and, in this embodiment,
includes a flat surface having an annular groove extending about the opening
132 seen best at 135 in Figure 8.

The body 120 further includes alignment provisions including guides in the
form of first and second stops provided by rigid portions of plastic 136 and
138 on opposite sides of a lower portion of the cavity 126. The rigid portions
of plastic 136 and 138 act to laterally align the circuit carrier apparatus 52
such that the pressure sensing opening 90 in the pressure sensor 86, is
aligned with the opening 132 in the inner wall 124 for communication of fluid
between the pressure sensing chamber 130 and the pressure sensing
opening shown at 90 in Figure 3.

The first and second rigid portions of plastic 136 and 138 are operable to
contact the first and second sides of the substrate 60 and more particularly in
this embodiment the first and second edges 62 and 64 respectively, of the
substrate, for confining lateral movement of the circuit apparatus in the cavity
126. This serves to laterally position the substrate relative to the inner wall
124. Referring to Figures 4 and 5, first and second alignment tabs 131 and
133 on opposite sides of the substrate also assist in aligning the substrate in
the cavity 126.
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The body 120 further includes urging provisions 139 for urging the pressure
sensor against a seal 140 adjacent the seal interface 134 such that the
pressure sensing opening 90 in the pressure sensor 86 is in fluid
communication with the opening 132 in the pressure sensing chamber 130
and such that the seal 140 prevents ambient pressure from interfering with
communication of fluid between the pressure sensing opening 90 and the
pressure sensor and the opening 132 in the inner wall 124. In this
embodiment the urging provisions act to provide a force on the second face
surface 72 of the substrate 60. In this embodiment, the force is provided by
first and second spaced apart supports 142 and 144 on the outer wall 122 and
which face into the cavity 126. The first and second spaced apart supports
142 and 144 have leading inclined surfaces, only one of which is shown at
145 in Figure 8. In effect, the first and second supports 142 and 144 push the
second surface 72 of the substrate 60 toward the inner wall 124 and thereby
press the flat surface 88 on the pressure sensor 86 against the seal 140 to
thereby effect sealing about the opening 132 while permitting fluid
communication between the opening 132 in the inner wall 124 and the
pressure sensing opening 90 in the pressure sensor 86.

Referring to Figures 5 and 6, it will be appreciated that the switch contacts
104 and 106 are positioned adjacent the outer wall 122 shown in Figure 6 and
between the first and second supports 142 and 144 and face toward the outer
wall 122.

Referring to Figure 7, the housing 54 is formed with holding provisions shown
generally at 150 for holding a switch actuator as shown at 152 in Figure 8 in
the outer wall 122 such that the switch actuator 152 is operable to make
contact with the switch contacts 104 and 106 formed on the second face
surface 72 of the substrate. To do this, referring to Figure 7, the outer wall 122
has a switch opening 154 with a generally flat annular surface 156
surrounding the switch opening 154.
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Referring to Figure 8, in this embodiment, the resilient switch actuator 152 is
formed of a resilient, elastic material such as rubber and is formed to include
a shaft portion shown generally at 158, a head portion shown generally at
160, and a body portion shown generally at 162. The body portion has an
annular recess 164 and a lower concaved surface 166 to which is connected
an electrical contact 168 which is secured to the concaved surface 166 by
adhesive, for example. The concaved surface 166 with the electrical contact
168 thereon is formed such that in the rest position shown in Figure 8, the
electrical contact 168 is not in contact with the switch contacts 104 and 106
on the second face surface 72 of the substrate 60.

The outer wall 122 has an inner cylindrical surface 170 defining the switch
opening 154. The switch opening 154 receives the switch actuator 152 such
that the cylindrical surface 170 bears upon the body portion 162 of the switch
actuator 152 in relatively tight engagement therewith. A plastic washer 172
having an opening defined by an inner cylindrical wall 174 is operable to
receive the shaft portion 158 of the switch actuator such that the head portion
160 extends on one side of the plastic washer 172 while the body portion 162
extends on an opposite side of the plastic washer 172. This permits the plastic
washer with resilient switch actuator 152 secured thereto to be placed on the
flat annular surface 156 and laser welded thereto to secure the switch
actuator 152 in place, in the switch opening 154. The opening defined by the
cylindrical surface 174 permits access to a surface 155, in this embodiment
the head portion 160 of the switch actuator 152, to enable a user to press the
head of the actuator. Since the switch actuator 152 is formed of resilient
elastic rubber, the shaft portion 158 is dimensioned to be about as long as
the thickness of the plastic washer 172 such that the shaft portion 158 is held
tightly in the opening of the plastic washer 172. The head portion 160 is
larger than the shaft portion 1568 and prevents ingress of moisture and fluid
through the opening 154. The body portion 162 is also larger than the shaft
portion and seals the opening 154 from inside the cavity 126.
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When a user presses the head portion 160 inwardly in the direction of arrow
176, the body portion 162 deforms such that the electrical contact 168 bridges
the switch contacts 104 and 106 on the second face surface 72 of the
substrate 60 to thereby complete the circuit to which the switch contacts 104
and 106 are connected.

Referring to Figure 9, the circuit carrier apparatus 52 is received in the cavity
126 such that the batteries 85 and 87 are positioned on opposite sides of the
inner wall 124. Potting material 190 is injected into the cavity to secure the
circuit assembly therein and to fill all voids in the cavity to essentially make
the housing body 120 and the circuit carrier apparatus 52 a unitary device.

Referring back to Figures 3 and 9, the cover 56 has a mating face 192 that
mates with an edge 194 of the housing body 120. In addition, the cover 56
has a cavity 196 dimensioned to snugly receive the second end 68 of the
circuit carrier apparatus 52 therein when the face 192 is placed in contact with
the edge 194. The cover 56 is then laser welded to the housing body 120 to
form a unitary pressure sensing device as shown at 10 in Figure 1. The cover
56 thus covers the antenna portion and is sealingly engaged with the housing
54 to prevent ingress and/or egress of fluid relative to the cavity 126 in the
housing and the cavity 196 in the cover 56.

Still referring to Figure 3, it will be appreciated that the inner wall 124 defines
a first opening 200 into the pressure sensing chamber 130 and the outer wall
122 defines a second opening 202 of the pressure sensing chamber 130.
The second opening 202 is generally coaxial with the first opening 200 to
permit the projection 16 on the pressure coupling 12 to be inserted into the
first opening to extend through the pressure sensing chamber 130 such that a
portion of the pressure coupler extends out of the second opening 202 as
shown in Figures 1 and 2.
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In the embodiment shown, the portion that extends out of the second opening
202 is the threaded end 20 of the pressure coupling 12. The threaded end
emulates a valve stem and cooperates with air filling equipment such as an air
hose at a service station, for example. This allows air to be admitted into the
tire without the requirement to remove the pressure sensor from the valve
stem 17, which greatly enhances the convenience of the apparatus.

First and second pairs 204 and 206 of O-ring seals are disposed on opposite
sides of the opening 34 such that fluid in the opening 34 cannot flow out of the
inlet opening 14. The housing 54 is dimensioned such that when the
projection 16 is fully inserted into the pressure sensing chamber 130, the
opening 132 in the inner wall 124 is longitudinally aligned to communicate
with an annular space 208 extending about the outer surface of the projection,
adjacent the opening 34. Referring to Figures 2 and 8, fluid exiting the
opening 34 can enter the annular space 208 and move through the opening
132 in the inner wall 124 and into the pressure sensing opening 90 in the
pressure sensor 86, to cause fluid pressure at that opening to be the same as
the fluid pressure in the system being measured, thereby enabling the
pressure sensor 86 to sense fluid pressure in the system being measured.

The pressure coupling described and shown herein is only one of a plurality of
different pressure coupling devices that may be used with the above
described pressure sensor apparatus 11. Referring to Figure 2, the body 13
and projection 16 have a patrticular external profile comprised of a cylindrical
wall having successive portions 210, 212 and 214 of different diameters two
of which, 210 and 212, have grooves for holding O-rings 204 and 206, for
example. This external profile is particularly well adapted to cooperate with
the generally cylindrical inner wall 124 of the housing 120 of the pressure
sensor apparatus 11. In particular, the O-rings seal against the inner wall 124
to provide the generally annular space 208 which is sealed off by the o-rings
from ambient, but in communication with the opening 132 in the inner wall and
in communication with the pressure sensor 86, inside the housing 120. The
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portion 214 has a larger diameter than the other two portions 210 and 212,
and acts to align the projection 16 in the pressure sensing chamber formed by
the inner wall 124, to prevent off-axis movement of the pressure coupler
relative to the pressure sensor apparatus 11, which could otherwise occur due
to the elastic nature of the O-rings.

While the pressure coupling described herein is one which is intended for use
in monitoring tire pressure, for example, it will be appreciated that by
maintaining the same or a similar outer wall profile, pressure couplers of
different types having different ends but having the same wall profile as
shown in Figure 2, could be substituted for the pressure coupler described.
Thus, for example, instead of the threaded end 20, referring to Figure 10, the
pressure coupler might simply have a sealed stub end 220, where the
pressure sensor is not intended to be used on a system that requires the
ability to admit fluid into or out of the pressurized system without removing the
pressure sensor. The opposite end 222 may have a pipe thread 224, for
example. This type of coupler may be used to mount the pressure sensor
apparatus 11 inside a vehicle wheel, for example.

Referring to Figure 11, in another embodiment, the pressure coupler may
have hose barbs 230 and 232 at opposite ends, replacing the threaded end
(20 in Figure 2) and extending from the body 13, for example, for connecting
the pressure coupler to hoses or conduits in a pressurized system or, referring
to Figure 12, the pressure coupler may have pipe threads 240, 242 at
opposite ends. A pressure coupler of this type may be used to couple the
pressure sensor apparatus 11 to an air brake system on a vehicle, for
example, or to an air line of an air operated circuit breaker in a power station,
for example.

Referring to Figure 13, in another embodiment, the pressure coupler may
have a pipe thread 244 at one end and a pvc pipe fitting 246 at an opposite
end.
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Referring to Figure 14, in another embodiment, the pressure coupler may
simply have open ends, 250, 252, for example, and this may be used to allow
a pressure sensor apparatus to be used to monitor ambient air pressure.

While specific embodiments of the invention have been described and
ilustrated, such embodiments should be considered illustrative of the
invention only and not as limiting the invention as construed in accordance
with the accompanying claims.
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What is claimed is:
1. A method of producing a circuit carrier for mounting components of a

pressure sensing circuit, the method comprising:

forming on a substrate a circuit portion and an antenna portion,

wherein forming said antenna portion comprises forming
a radio frequency antenna on said antenna portion; and

wherein forming said circuit portion comprises:

causing at least one power supply mount for a
power supply for the pressure sensing circuit to be
formed at a side of said substrate such that the
power supply projects outwardly from said
substrate;

causing a pressure sensor mount to be formed on
said substrate such that when a pressure sensor is
mounted to said mount a flat surface about a
sensor opening of the pressure sensor is generally
parallel and spaced apart from a first surface of
said substrate and is adjacent the power supply;

causing ancillary component mounts to be formed
in said circuit portion, said ancillary component
mounts being operable to facilitate mounting of
ancillary components for effecting a transmitter
function; and
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causing circuit interconnections between said at
least one power supply mount, said pressure
sensor mount and said ancillary component
mounts and said antenna to be formed on said
substrate such that a pressure sensor mounted to
said pressure sensor mount and ancillary
components mounted to said ancillary component
mounts and are operable to receive power from a
power supply mounted to said power supply mount
and such that when the pressure sensor and
ancillary components receive power from the
power supply the transmitter function is effected,
the transmitter function being operable to produce
a transmittable signal in response to a pressure
signal received from the pressure sensor, the
transmittable signal being operable to be radiated
by said antenna, for wireless reception by a

remote receiver.

2. The method of claim 1 wherein said power supply mount includes a

battery mount.

3. The method of claim 2 wherein said battery mount includes first and

second battery mounts on opposite sides of said substrate, said

pressure sensor mount being located between said first and second

battery mounts.

4. The method of claim 3 wherein said first and second battery mounts

are operably configured to facilitate mounting of disk-shaped batteries

such that axes of said disk shaped batteries are generally parallel to a

top surface of said substrate.
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The method of claim 1 wherein forming said circuit portion and said
antenna portion comprises causing said circuit portion to be located on
a first end of said substrate and causing said antenna portion to be
located on a second end of said substrate.

The method of claim 5 wherein forming said antenna portion comprises
forming a serpentine conductor on said second end of said substrate.

The method of claim 1 wherein causing said ancillary component
mounts to be formed in said circuit portion comprises causing switch
contacts to be formed on said substrate, for mounting a switch thereto,
and wherein causing said circuit interconnections to be formed on said
substrate comprises causing said circuit interconnections to connect
said switch contacts to at least one of said ancillary component

mounts, said power supply mount and said pressure sensor mount.

The method of claim 7 wherein causing said switch contacts to be
formed on said substrate comprises causing said switch contacts to be
formed on a second surface of said substrate, wherein said second
surface is generally parallel and spaced apart from said first surface.

A method of producing a pressure sensor circuit assembly comprising
installing a power supply on said power supply mount of the circuit
carrier of claim 1, installing a pressure sensor on said pressure sensor
mount of the circuit carrier of claim 1 and, installing ancillary
components on said ancillary component mounts of the circuit carrier of
claim 1, such that said ancillary components are operable to effect the
transmitter function.
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10. A method of housing the pressure sensor circuit assembly of claim 9,

the method comprising:

receiving said circuit portion in a cavity of a body having a wall
defining a pressure sensing chamber such that said opening in
said pressure sensor is aligned with an opening in said pressure
sensing chamber; and

urging said substrate in a direction tending to press said flat
surface of said pressure sensor against a seal between said flat
surface and a portion of said wall defining said pressure sensing
chamber, such that said sensor opening of the pressure sensor
is in fluid communication with said opening in said pressure
sensing chamber and such that said seal prevents ambient
pressure from interfering with communication of fluid between
said sensor opening of the pressure sensor and said opening in
said pressure sensing chamber.

11. The method of claim 10 wherein receiving comprises aligning said

sensor opening of the pressure sensor with said opening in said

pressure sensing chamber.

12. The method of claim 11 wherein aligning comprises guiding said circuit

assembly into a position relative to said pressure chamber such that

said sensor opening of the pressure sensor is aligned with said

opening in said pressure sensing chamber.

13. The method of claim 12 wherein guiding comprises confining lateral

movement of said circuit assembly.
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The method of claim 12 wherein guiding comprises guiding edges on
opposite sides of said substrate to position said substrate relative to
said pressure sensing chamber while said substrate is moved into said
cavity.

The method of claim 10 wherein urging comprises applying a force to a
second surface of said substrate, said second surface being opposite
said first surface.

The method of claim 15 wherein applying said force comprises causing
said second surface of said substrate to bear upon a support in said
cavity.

The method of claim 16 wherein causing said second surface of said
substrate to bear upon said support comprises causing said second
surface to bear upon first and second spaced apart supports.

The method of claim 15 further comprising holding a switch actuator
adjacent switch contacts formed on said substrate.

The method of claim 18 wherein holding comprises receiving said
switch actuator in an opening in said wall.

The method of claim 19 wherein holding comprises fastening a holder
to said wall such that a surface of said switch actuator is accessible
from outside said body.

A circuit carrier apparatus for a fluid pressure sensor, the apparatus
comprising:

a substrate having first and second opposite edges, first and
second opposite ends and first and second opposite facing surfaces;
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a circuit portion on said first end and an antenna portion on said

wherein said antenna portion comprises a radio
frequency antenna; and

wherein said circuit portion comprises:

at least one power supply mount for a power
supply for a pressure sensing circuit, said power
supply mount being located at a side of said
substrate and such that the power supply projects
outwardly from said substrate;

a pressure sensor mount formed on said substrate
such that when a pressure sensor is mounted to
said mount, a flat surface about a sensor opening
on the pressure sensor is generally parallel and
spaced apart from the first opposite facing surface
and is adjacent the power supply;

ancillary component mounts formed in said circuit
portion, said ancillary component mounts being
operable to facilitate mounting of ancillary
components for effecting a transmitter function;
and

circuit interconnections between said at least one
power supply mount, said pressure sensor mount
and said ancillary component mounts and said
antenna such that a pressure sensor mounted to
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said pressure sensor mount and ancillary
components mounted to said ancillary component
mounts are operable to receive power from a
power supply mounted to said power supply mount
and such that when the pressure sensor and
ancillary components receive power from the
power supply a transmitter function is effected, the
transmitter function being operable to produce a
transmittable signal in response to a pressure
signal received from the pressure sensor, the
transmittable signal being operable to be radiated
by said antenna, for wireless reception by a
remote receiver.

The apparatus of claim 21 wherein said power supply mount includes a
battery mount.

The apparatus of claim 22 wherein said battery mount includes first
and second battery mounts on opposite sides of said substrate, said
pressure sensor mount being located between said first and second
battery mounts.

The apparatus of claim 23 wherein said first and second battery
mounts are operably configured to facilitate mounting of disk-shaped
batteries such that axes of said disk shaped batteries are generally
parallel to a top surface of said substrate.

The apparatus of claim 21 wherein said antenna portion comprises a
serpentine conductor on said second opposite end of said substrate.
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26. The apparatus of claim 21 further comprising switch contacts formed
on said substrate, for cooperating with a switch contactor, said switch
contacts being connected by said circuit interconnections to at least
one of said ancillary component mounts, said power supply mount and
said pressure sensor mount.

27. The apparatus of claim 26 wherein said switch contacts are formed on
said second opposite facing surface of said substrate.

28. A pressure sensor circuit apparatus comprising the circuit carrier of
claim 21 and further comprising:

a power supply installed on said power supply mount;

a pressure sensor installed on said pressure sensor mount
ancillary components installed on said ancillary component
mounts, such that said ancillary components are operable to

effect the transmitter function.

29. An apparatus for housing a pressure sensor circuit, the apparatus

comprising:
a body having:
an outer wall defining a cavity operably configured to hold
a substrate carrying a pressure sensor having a pressure

sensing opening;

an inner wall inside said cavity defining a pressure
sensing chamber;
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an opening in said inner wall;

a seal interface about said opening;

aligning means for aligning said pressure sensor opening
with said opening in said inner wall to provide for
communication of fluid between said pressure sensing
chamber and said pressure sensing opening; and

urging means for urging said pressure sensor against a
seal adjacent said seal interface, such that said pressure
sensing opening is in fluid communication with said
opening in said inner wall and such that the seal prevents
ambient pressure from interfering with communication of
fluid between said pressure sensing opening and said

opening in said inner wall.

The apparatus of claim 29 wherein said aligning means comprises
guiding means for guiding said substrate into a position in which said
pressure sensing opening is aligned with said opening in said inner

wall.

The apparatus of claim 30 wherein said guiding means comprises
stops operable to contact first and second sides of said substrate for

confining lateral movement of said pressure sensor circuit.

The apparatus of claim 31 wherein said first and second sides of said
substrate have first and second edges respectively, and wherein said
stops include first and second stops operably configured to bear upon
said first and second edges to laterally position said substrate relative
to said inner wall.
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The apparatus of claim 29 wherein said urging means comprises
means for applying a force on a surface of said substrate.

The apparatus of claim 33 wherein said means for applying a force
comprises a support on said outer wall of said body and facing inside
said cavity, wherein said surface of said substrate bears upon said
support.

The apparatus of claim 34 wherein said support comprises first and
second spaced apart supports on said outer wall and facing into said
cavity, wherein said surface of said substrate bears upon said first and
second supports.

The apparatus of claim 29 further comprising holding means for holding
a switch actuator in said outer wall such that the switch actuator is
operable to make contact with switch contacts formed on said surface
of said substrate.

The apparatus of claim 36 wherein said holding means includes a
switch opening and wherein said switch opening is operable to receive
the switch actuator.

The apparatus of claim 37 wherein said holding means further
comprises a flat member having an opening permitting access to a
surface of said switch actuator said flat member being fastened to said
body such that said switch actuator provides a seal to prevent ingress
and egress of fluid relative to said cavity through said switch actuator
opening.

A pressure sensor apparatus comprising:

a) a circuit carrier apparatus comprising:
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a substrate having first and second opposite edges, first and
second opposite ends and first and second opposite facing

a circuit portion on said first opposite end and an antenna

portion on said second opposite end,

wherein said antenna portion comprises a radio
frequency antenna; and

wherein said circuit portion comprises:

at least one power supply located at a side of said
substrate and such that the power supply projects
outwardly from said substrate;

a pressure sensor having a flat surface and a
pressure sensor opening on said flat surface, said
flat surface being generally parallel and spaced
apart from the first opposite facing surface and
adjacent the power supply;

a transmitter connected to said pressure sensor
and said antenna for producing a signal for
radiation by said antenna in response to a sense
signal produced by said pressure sensor;

a housing for housing said circuit carrier apparatus, said housing

a body having:
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an outer wall defining a cavity operably configured
to hold the circuit portion of said substrate;

an inner wall inside said cavity defining a pressure
sensing chamber;

an opening in said inner wall;

a seal about said opening in said inner wall;

aligning means for aligning said pressure sensor
opening with said opening in said inner wall to
provide for communication of fluid between said
pressure sensing chamber and said pressure

sensor opening; and

urging means for urging said pressure sensor
against said seal, such that said pressure sensor
opening is in fluid communication with said
opening in said inner wall and such that said seal
prevents ambient pressure from interfering with
communication of fluid between said opening in
said pressure sensor opening and said opening in
said inner wall;

potting material in said cavity and about said circuit
portion for securing said substrate in said cavity; and

a cover for covering said antenna portion, said cover
being sealingly engaged with said housing to prevent
ingress and egress of fluid relative to said cavity.
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The apparatus of claim 39 wherein said inner wall defines a first
opening into said pressure sensing chamber, said first opening being
operable to receive a pressure coupling for coupling fluid pressure from
a pressurized system to said pressure sensing chamber.

The apparatus of claim 40 wherein said outer wall defines a second
opening into said pressure sensing chamber, said second opening
being generally coaxial with said first opening to permit a projection on
said pressure coupling to be inserted into said first opening to extend
through said pressure sensing chamber such that a portion of said
pressure coupling extends out of said second opening.

The apparatus of claim 41 wherein said aligning means comprises
guiding means for guiding said substrate into said a position in which
said pressure sensor opening is aligned with said opening in said inner
wall.

The apparatus of claim 42 wherein said guiding means comprises
stops operable to contact said first and second sides of said substrate
for confining lateral movement of said circuit assembly.

The apparatus of claim 42 wherein said first and second sides of said
substrate have first and second edges respectively, and wherein said
stops include first and second stops operably configured to bear said
first and second edges to laterally position said substrate relative to
said inner wall.

The apparatus of claim 41 wherein said urging means comprises
means for applying a force to said second opposite surface of said
substrate.
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The apparatus of claim 45 wherein said means for applying a force
comprises a support on said outer wall of said body, said support
facing inside said cavity, said second opposite facing surface of said
substrate bearing upon said support.

The apparatus of claim 46 wherein said support comprises first and
second spaced apart supports on said outer wall and facing into said
cavity, wherein said second opposite facing surface of said substrate
bears upon said support.

The apparatus of claim 46 wherein said circuit portion comprises
switch contacts formed on said second opposite facing surface of said
substrate, said switch contacts being operably connected to said
pressure sensor and wherein said apparatus further comprises a
switch actuator and holding means for holding said switch actuator in
said outer wall such that said switch actuator is operable to make
contact with said switch contacts.

The apparatus of claim 48 wherein said holding means includes a
switch opening operably configured to hold said switch actuator.

The apparatus of claim 49 wherein said holding means further
comprises a flat member having an opening permitting access to a
surface of said switch actuator, said flat member being fastened to said
body such that said switch actuator provides a sealing function to
prevent ingress and egress of fluid relative to said cavity through said
opening.

A pressure sensing system comprising the pressure sensor apparatus
of claim 39 and a pressure coupler operably configured to
communicate with said pressure sensing chamber to communicate
fluid pressure to said pressure sensor.
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The pressure sensing system of claim 51 wherein said pressure
coupler comprises a projection having an inlet opening operably
configured to communicate with a pressurized system to receive
pressurized fluid therefrom, and wherein said projection and said
pressure sensing chamber are operably configured such that said
projection is sealingly received in said pressure sensing chamber and
such that fluid entering said inlet opening is communicated to said
pressure sensor through said pressure sensing chamber.
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