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jointless pressure sensor port are disclosed, including permitting a sub-
stance to pass into a jointless pressure sensor port comprising an aper-
ture, a channel, and a diaphragm having a larger area than the area of the
aperture, allowing the substance to come into contact with the di-
aphragm resulting in a mechanical stress on the diaphragm, and measur-
ing the mechanical stress to generate a signal indicative of the substance
pressure.
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JOINTLESS PRESSURE SENSOR PORT

I. Background

[911] The invention relates generally to the field of pressure sensor ports.

1
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WO 2010/093867 PCT/US2010/024020

II. Summary

[9]2] In one respect, disclosed is a method for measuring pressure through a jointless pressure
sensor port, the method comprising: permitting a substance to pass into a jointless
pressure sensor port comprising an aperture, a channel, and a diaphragm having a larger
are than the area of the aperture, allowing the substance to come into contact with the
diaphragm resulting in a mechanical stress on the diaphragm, and measuring the

mechanical stress to generate an electrical signal indicative of the substance pressure.

[43] In another respect, disclosed is a pressure sensor port comprising: a housing, where the
housing is jointless; the housing comprising an aperture, a channel, and a diaphragm;
where the diaphragm area is larger than the aperture area; where the aperture is
configured to direct a substance through the channel toward the diaphragm; and where

the substance is configured to exert a mechanical stress on the diaphragm.

[94] In yet another respect, disclosed is a vehicle comprising: a pressure sensor port; the
pressure sensor port comprising a housing, where the housing is jointless; the housing
comprising an aperture, a channel, and a diaphragm; where the diaphragm area is larger
than the aperture area; where the aperture is configured to direct a substance through the
channel toward the diaphragm; and where the substance is configured to exert a

mechanical stress on the diaphragm.

[45] Numerous additional embodiments are also possible.
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I11. Brief Description of the Drawings
[9/6] Other objects and advantages of the invention may become apparent upon reading the

detailed description and upon reference to the accompanying drawings.

[97] Figure 1 is a block diagram illustrating a method for measuring pressure through a
jointless pressure sensor port for different systems of a vehicle, in accordance with some

embodiments.

[94/8] Figure 2 is a cross sectional view of a jointless pressure sensor port having a larger

diaphragm area than aperture area, in accordance with some embodiments.

[9/9] Figure 3 is a cross sectional view of a jointless pressure sensor port having a larger
diaphragm area than aperture arca and a channel region of three cross sectional areas, in

accordance with some embodiments.

[910] Figure 4 is a cross sectional view of a jointless pressure sensor port having a larger
diaphragm area than aperture area and some regions of the channel having tapers, in

accordance with some embodiments.

[q]11] Figure 5 is a cross sectional view of a jointless pressure sensor port having a larger
diaphragm area than aperture area and a tapered channel, in accordance with some

embodiments.

[4]12] Figure 6 is a cross sectional view of a jointless pressure sensor port having multiple

diaphragms.

[913] Figure 7 is a flow diagram illustrating a method for measuring pressure through a

jointless pressure sensor port, in accordance with some embodiments.

[9/14] While the invention is subject to various modifications and alternative forms, specific
embodiments thereof are shown by way of example in the drawings and the

accompanying detailed description. It should be understood, however, that the drawings
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and detailed description are not intended to limit the invention to the particular
embodiments. This disclosure is instead intended to cover all modifications, equivalents,
and alternatives falling within the scope of the present invention as defined by the

appended claims.
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IV. Detailed Description

[4]15] One or more embodiments of the invention are described below. It should be noted that
these and any other embodiments are exemplary and are intended to be illustrative of the
invention rather than limiting. While the invention is widely applicable to different types
of systems, it is impossible to include all of the possible embodiments and contexts of the
invention in this disclosure. Upon reading this disclosure, many alternative embodiments

of the present invention will be apparent to persons of ordinary skill in the art.

[9]16] In some embodiments, the jointless pressure sensor port may be used in any system
where pressure needs to be measured and monitored. Systems include harsh media and
high pressure applications such as the oil and transmission fluids of an engine. In an
automobile, pressures in the braking, refrigerant, and fuel injection systems may also be
measured. In all these systems, a substance, such as a fluid, enters into the pressure
sensor through an aperture and then passes through a channel towards the diaphragm
region of the sensor. The substance exerts a mechanical stress on the diaphragm. The
stress is then measured and a signal representative of the pressure inside the sensor is
generated. The jointless pressure sensor port has increased pressure sensitivity due to the
fact that the diaphragm area is larger than the area of the aperture. The size of the
mounting interface between the pressure sensor port and the system being monitored is
also reduced due to the smaller aperture area of the pressure sensor port. Such a port is

also more reliable as a result of its construction and lack of any joints, brazes, or welds.

[917] In some embodiments, the diaphragm area may have a circular gecometry. The aperture
may also be circular. Like the diaphragm and aperture, the cross section of the channel
may also be a circle. The aperture, diaphragm, and channel cross sections may have any
geometrical shape as long as the area of the diaphragm is larger than the area of the

aperture.

[4]18] In some embodiments, the channel region of the jointless pressure sensor port may have
one or more taper sections. The channel region closest to the aperture may have a taper
to match the aperture area to the cross sectional area of the channel region. The taper

directs the substance into the pressure sensor and towards the diaphragm. The channel
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region closest to the diaphragm may also have a taper section that matches the channel

cross sectional area to the diaphragm area.

[4]19] In some embodiments, the jointless pressure sensor port may have two or more
diaphragms. The diaphragms may have different areas and dimensions. These
diaphragms integrated to a single jointless pressure sensor port allow for increased
sensitivity across a broader range of pressures. The multiple diaphragms also allow for
sensor redundancy as the stresses on the multiple diaphragms may be independently

measured using multiple sensors.

[920] Figure 1 is a block diagram illustrating a method for measuring pressure through a
jointless pressure sensor port for different systems of a vehicle, in accordance with some

embodiments.

[921] In some embodiments, vehicle 110 comprises an engine 115 having engine oil 120 and
transmission fluid 125. The vehicle 110 also comprises a braking system 130, a fuel
injection system 135, and a refrigerant system 140. Each of these components contains a
fluid or some other substance whose pressure needs to be monitored. In the engine 115,
engine oil 120 is directed into the pressure sensor port 145. The fluid exerts a mechanical
stress on the diaphragm of the pressure sensor port 145. This mechanical strain is
measured 150 and an electronic pressure sensor output 155 is generated. A similar
process occurs for measuring the fluid pressures in the engine transmission 125, the

braking system 130, the fuel injection system 135, and the refrigerant system 140.

[922] Figure 2 is a cross sectional view of a jointless pressure sensor port having a larger

diaphragm area than aperture area, in accordance with some embodiments.

[923] In some embodiments, a jointless pressure sensor port 210 is comprised of an aperture
215 whose area is smaller than the area of the diaphragm 220. The pressure sensor port
210 is made from a single piece of material 225 and does not have any welds, brazes, or
junctions. The aperture 215 and diaphragm 220 are connected via a channel having two

regions. One channel region 230 has the same cross sectional area as the aperture 215
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arca and the other channel region 235 has the same cross sectional area as the diaphragm
220 areca. The larger diaphragm 220 compared to the smaller aperture 215 allows for an

increase in sensitivity and overall performance.

[924] Figure 3 is a cross sectional view of a jointless pressure sensor port having a larger
diaphragm area than aperture arca and a channel region of three cross sectional areas, in

accordance with some embodiments.

[9]25] In some embodiments, a jointless pressure sensor port 310 is comprised of an aperture
315 whose area is smaller than the area of the diaphragm 320. The pressure sensor port
310 is made from a single piece of material 325 and does not have any welds, brazes, or
junctions. The aperture 315 and diaphragm 320 are connected via a channel having three
regions. One channel region 330 has the same cross sectional area as the aperture 315
area. Another channel region 335 has the same cross sectional area as the diaphragm 320
arca. There is also an intermediate channel region 340 having a cross sectional arca
between the area of the aperture 315 and the area of the diaphragm 320. The larger
diaphragm 320 compared to the smaller aperture 315 allows for an increase in sensitivity

and overall performance.

[926] Figure 4 is a cross sectional view of a jointless pressure sensor port having a larger
diaphragm area than aperture area and some regions of the channel having tapers, in

accordance with some embodiments.

[927] In some embodiments, the jointless pressure sensor port 410 has a channel 415 region of
more than three cross sectional areas. In one channel region 420 the cross sectional area
varies in a taper in order to direct the fluid or substance through the aperture 425 and into
the pressure sensor port 410. In another region of the channel 430 the cross sectional
area varies in a taper to match the area of the diaphragm 435. The pressure sensor port
410 is made from a single piece of material 440 and does not have any welds, brazes, or
junctions. The larger diaphragm 435 compared to the smaller aperture 425 opening

allows for an increase in sensitivity and overall performance.
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[928] Figure 5 is a cross sectional view of a jointless pressure sensor port having a larger
diaphragm area than aperture area and a tapered channel, in accordance with some

embodiments.

[929] In some embodiments, the jointless pressure sensor port 510 has a tapered channel 515.
The channel 515 matches the area of the aperture 520 to the area of the diaphragm 525.
The pressure sensor port 510 is made from a single piece of material 530 and does not
have any welds, brazes, or junctions. The larger diaphragm 525 compared to the smaller

aperture 520 opening allows for an increase in sensitivity and overall performance.

[430] Figure 6 is a cross sectional view of a jointless pressure sensor port having multiple

diaphragms.

[931] In some embodiments, the jointless pressure sensor port 610 may have multiple
diaphragm regions 615, 620, and 625, of varying dimensions and area. A single aperture
630 is configured to direct a substance through the channel 635 toward the diaphragms
615, 620, and 625. The pressure sensor port 610 is made from a single piece of material
640 and does not have any welds, brazes, or junctions. The multiple diaphragms allow
for pressure measurements across a larger pressure range as well as for sensor

redundancy.

[932] Figure 7 is a flow diagram illustrating a method for measuring pressure through a
jointless pressure sensor port, in accordance with some embodiments. In some
embodiments, the method illustrated in Figure 7 may be performed by one or more of the

devices illustrated in Figure 2, Figure 3, Figure 4, Figure 5, and Figure 6.

[433] Processing begins at 700 whereupon, at block 710, a substance is permitted to pass into a
jointless pressure sensor port. In some embodiments, the substance is a fluid, a vapor, or

a gas.

[934] At block 720, the substance passes through an aperture and a channel. In some

embodiments, the channel has three or more cross sectional areas in order to transition
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from the area of the aperture to the area of the diaphragm. In yet another embodiment,
the channel may have one or more taper regions. The taper regions may also have some

other geometrical shape.

[935] At block 730, the substance comes into contact with the diaphragm or diaphragms of the
jointless pressure sensor port. This contact results in a mechanical stress on the
diaphragm or diaphragms. The area of the diaphragm or diaphragms is larger than the

arca of the aperture, resulting in an increase in sensitivity and overall performance.

[936] At block 740, the mechanical stress on the diaphragm or diaphragms is measured and a
signal is generated indicative of the substance pressure. In some embodiments, the stress

is measured electronically. In yet another embodiment, the stress is measured optically.

[4137] The process loops back to 710 for continuous monitoring of the substance pressure.

[938] The previous description of the disclosed embodiments is provided to enable any person
skilled in the art to make or use the present invention. Various modifications to these
embodiments will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other embodiments without departing from
the spirit or scope of the invention. Thus, the present invention is not intended to be
limited to the embodiments shown herein but is to be accorded the widest scope

consistent with the principles and novel features disclosed herein.

[439] The benefits and advantages that may be provided by the present invention have been
described above with regard to specific embodiments. These benefits and advantages,
and any elements or limitations that may cause them to occur or to become more
pronounced are not to be construed as critical, required, or essential features of any or all

2% ¢

of the claims. As used herein, the terms “comprises,” “comprising,” or any other
variations therecof, are intended to be interpreted as non-exclusively including the
elements or limitations which follow those terms. Accordingly, a system, method, or

other embodiment that comprises a set of elements is not limited to only those elements,
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and may include other elements not expressly listed or inherent to the claimed

embodiment.

[4/40] While the present invention has been described with reference to particular embodiments,
it should be understood that the embodiments are illustrative and that the scope of the
invention is not limited to these embodiments. Many variations, modifications, additions
and improvements to the embodiments described above are possible. It is contemplated
that these variations, modifications, additions and improvements fall within the scope of

the invention as detailed within the following claims.

10
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V. Claims

1. A method for measuring pressure through a jointless pressure sensor port, the method

comprising:

permitting a substance to pass into a jointless pressure sensor port comprising an
aperture, a channel, and a diaphragm having a larger area than the area of the

aperture;

allowing the substance to come into contact with the diaphragm resulting in a

mechanical stress on the diaphragm; and
measuring the mechanical stress to generate a signal indicative of the substance

pressure.

2. The method of Claim 1, where the channel comprises three or more cross sectional

arcas.

3. The method of Claim 1, where the channel comprises a taper.

4. The method of Claim 1, where the substance is at least one of: a fluid, a vapor, and a

gas.

5. The method of Claim 1, where the diaphragm is comprised of multiple diaphragms.

6. A pressure sensor port comprising:
a housing, where the housing is jointless;
the housing comprising an aperture, a channel, and a diaphragm;
where the diaphragm area is larger than the aperture area;

where the aperture is configured to direct a substance through the channel toward

the diaphragm; and

where the substance is configured to exert a mechanical stress on the diaphragm.

11
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10.

11.

12.

13.

14.

. The pressure sensor port of Claim 6 where a portion of the housing is configured to

be the diaphragm.

. The pressure sensor port of Claim 6 where the diaphragm is comprised of multiple

diaphragms.

. The pressure sensor port of Claim 6 where the channel between the aperture and the

diaphragm consists of three or more cross sectional areas.

The pressure sensor port of Claim 6 where the channel is tapered.

The pressure sensor port of Claim 6 where a portion of the channel is tapered.

The pressure sensor port of Claim 11 where the taper matches the aperture area to the

channel cross sectional area.

The pressure sensor port of Claim 11 where the taper matches the diaphragm area to
the channel cross sectional area.
A vehicle comprising:

a pressure sensor port;

the pressure sensor port comprising:

a housing, where the housing is jointless;

the housing comprising an aperture, a channel, and a diaphragm;

where the diaphragm area is larger than the aperture area;

where the aperture is configured to direct a substance through the channel toward

the diaphragm; and

where the substance is configured to exert a mechanical stress on the diaphragm.

12
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15.

16.

17.

18.

19.

20.

The vehicle of Claim 14 where a portion of the housing is configured to be the

diaphragm.

The vehicle of Claim 14 where the channel between the aperture and the diaphragm

consists of three or more cross sectional areas.

The vehicle of Claim 14 where the channel is tapered.

The vehicle of Claim 14 where a portion of the channel is tapered.

The vehicle of Claim 18 where the taper matches the aperture area to the channel

cross sectional areas.

The vehicle of Claim 18 where the taper matches the diaphragm area to the channel

cross sectional areas.

13
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