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SYSTEM FOR AUTOMATIC TIRE
INFLATION

FIELD OF THE INVENTION

The present invention relates to apparatuses and methods
for measuring gas flow rates. More particularly, but not by
way of limitation, the present invention relates to appara-
tuses and methods which are effective for measuring gas
flow rates under low flow conditions. The present invention
also relates to an improved system for automatic tire infla-
tion which uses the inventive gas flowmeter to determine the
rate of make-up air flow.

BACKGROUND OF THE INVENTION

On-board automatic tire inflation systems are currently
available for use on trucks and other vehicles. Such systems
automatically deliver make-up air to a vehicle tire in the
event that the tire is punctured or begins to leak for other
reasons. For a given trailer, truck, or other vehicle axle
assembly, automatic inflation systems can be installed as
appropriate for monitoring and maintaining a desired air
pressure in each tire individually, in dual tire sets, or in the
entire axle assembly as a whole.

By way of example, an on-board system currently avail-
able from Airgo, Inc. of Edmond, Okla. for maintaining a
predetermined pressure in each of the tires of a truck tandem
axle assembly comprises: a tire inflation system which
delivers compressed air from an on-board compressor (e.g.,
the compressor used for supplying air to the truck brakes) to
the interior of the tandem axle, or to a tube extending
through the axle, in the event that a leak occurs in any of the
four tandem axle tires; a pair of rotary seals provided
proximate the outer ends of the tandem axle; a set of air lines
extending from the rotary seals for delivering air from the
interior of the axle, through the rotary seals, to each of the
four tires; check valves provided in the air lines for pre-
venting reverse air flow from the tires to the axle; and an
indicator light which alerts the operator that a leak has
developed. The system controls the make-up air flow in
accordance with the operating pressure required by the tires.
For most tandem truck axles, the automatic inflation system
will preferably be operable for providing a sufficient rate of
make-up air flow to maintain a tire pressure of at least 90
psig and more preferably at least 95 psig.

An on-board automatic inflation system of this type is
described, for example, in U.S. Pat. No. 6,105,645, the entire
disclosure of which is incorporated herein by reference.

A need currently exists for an economical gas flowmeter
which can be used in on-board automatic tire inflation
systems for determining leakage severity by accurately
measuring the rate of make-up air flow delivered by the
inflation system. In the event of a nail puncture wherein the
nail remains in the tire, the resulting air leakage rate from the
tire can be as low as 0.1 milliliter per minute (“ml/min”) and
will typically be in the range of from about 0.1 to about 40
ml/min. Air leakage rates of up to 100 ml/min or higher can
result if the nail is removed or if other types of punctures
occur.

As will be understood by those in the art, conventional
thermal loss devices, capillary pressure loss devices, and
positive displacement devices capable of accurately mea-
suring flow rates of as low as 0.1 ml per minute typically are
expensive and are not suited to handle the moisture and
contaminant levels present in on-board compressed air sys-
tems. Some devices also are not suited to handle the vibra-
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tion levels encountered during vehicle operation. In addi-
tion, the on-board air compression systems in many vehicles
are not sufficient to accommodate the amount of pressure
loss produced by the operation of some conventional flow-
meters such as positive displacement devices.

Flowmeters which either employ a flow element having a
single orifice or employ a flow element having a collection
of multiple large orifices or pores such as disclosed in U.S.
Pat. No. 4,040,293, U.S. Pat. No. 5,461,932, U.S. Pat. No.
5,722,417, or U.S. Pat. No. 6,164,142 also are not well
suited for use in automatic tire inflation systems. These
devices are susceptible to plugging and, even when the flow
element has a collection of orifices extending therethrough,
the device can cease to operate effectively if a few or
sometimes even if just one of the orifices is/are blocked.

U.S. Pat. No. 5,357,972 discloses a disposable pneumo-
tachograph flowmeter for measuring human respiratory
flow. The pneumotachograph flowmeter comprises a pair of
conical mouth pieces having a fabric screen made of a
hydrophobic fabric material sandwiched therebetween. It is
stated that the hydrophobic fabric material prevents the
fabric screen from being occluded with moisture. The fabric
screen is said to have about 400 pores per square inch with
an average pore size of 2.25x107° square inches so that
laminar flow through the screen is enhanced to provide a
more linear relationship between flow and pressure drop.

The only use disclosed or suggested in U.S. Pat. No.
5,357,972 for the disposable pneumotachograph flowmeter
is for measuring respiratory flow. Moreover, neither the
disclosed disposable pneumotachograph flowmeter nor the
fabric screen employed therein is suitable for use in an
on-board automatic tire inflation system. Although the fabric
screen of the pneumotachograph flowmeter is hydrophobic,
the fabric will likely absorb other contaminants such as oil
droplets which are typically present in truck air systems. In
addition, a fabric screen is not well suited to handle the
vibration levels encountered in on-board tire inflation sys-
tems and, because a fabric screen has little or no inherent
stiffness, significant additional measures would be required
to contain and hold the fabric screen in operating position
and to maintain its shape.

SUMMARY OF THE INVENTION

The present invention provides an inventive gas flowme-
ter and method, as well as an improved on-board automatic
tire inflation system including the inventive flowmeter,
which satisfy the needs and alleviate the problems discussed
above. The inventive gas flowmeter is compact, economical,
highly durable, and vibration resistant and is well suited for
accurately measuring air flow rates of as low as 0.1 ml/min
to up to 100 ml/min or more. In addition, the inventive gas
flowmeter is particularly effective for operation at the mois-
ture, oil, and particulate levels encountered in vehicle air
supply systems. The flow element employed in the inventive
gas flowmeter can readily be selected and produced to
prevent or minimize oil and water absorption and will
maintain its shape during operation. Further, the inventive
gas flowmeter provides a linear relationship between flow
and pressure drop and will continue to operate effectively
even if it becomes partially plugged.

In one aspect, there is provided an apparatus for measur-
ing a rate of gas flow comprising a housing having a
passageway for the gas flow and a porous media element
positioned in the passageway for creating a pressure differ-
ential across the porous media element relative to the rate of
the gas flow. The porous media element comprises a porous
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media material which has been formed by bonding a par-
ticulate material by heating or by using a bonding agent to
produce a porous coherent mass.

In another aspect, there is provided a method of measur-
ing a rate of a gas flow comprising the step of delivering the
gas flow through a porous media in a manner effective for
creating a pressure differential relative to the rate of the gas
flow. The porous media is formed from a particulate material
which has been bonded by heating or by using a bonding
agent to produce a porous coherent mass.

In another aspect, there is provided an improved appara-
tus for automatically delivering a make-up air flow from a
vehicle air supply source when a leakage of tire air occurs.
The improvement comprises a flowmeter for determining
leakage severity by measuring the rate of make-up air flow.
The flowmeter includes a porous media effective for creating
apressure differential relative to the rate of make-up air flow.

Further aspects, features, and advantages of the present
invention will be apparent to those in the art upon examining
the accompanying drawings and upon reading the following
Detailed Description of the Preferred Embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic elevational cross-sectional view of
an embodiment 2 of the gas flowmeter provided by the
present invention.

FIG. 2 is a schematic illustration of an embodiment 4 of
an improved automatic tire inflation system provided by the
present invention.

FIG. 3 is an elevational side view of a spool element 48
or 50 employed in the inventive gas flowmeter 2.

FIG. 4 is a perspective view of an alternative embodiment
80 of the inventive gas flowmeter.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

An embodiment 2 of the inventive gas flowmeter is
illustrated in FIG. 1. An embodiment 4 of an inventive
improved automatic tire inflation system 4 which incorpo-
rates the inventive gas flowmeter 2 is illustrated in FIG. 2.
The particular embodiment 4 of the improved automatic
inflation system illustrated in FIG. 2 is for maintaining tire
air pressure in a truck trailer tandem axle assembly 6. The
tandem axle assembly 6 comprises a tandem axle 8 having
a pair of tandem wheels 10 and tires 12 mounted on each end
of the axle 8. It will be understood, however, that the
inventive improved tire inflation system can be readily
adapted for maintaining inflation in individual tires, in dual
tire sets, or any other type of tire and/or axle system or
assembly.

The inventive improved automatic tire inflation system 4
is of a type known in the art which will automatically and
continuously deliver compressed air from an on-board air
supply system 14 (e.g., the vehicle compressor which sup-
plies air to the brake system) to the axle 8 in the event that
the system detects a drop in air pressure as a result of any
leakage from one or more of the tires 12. The axle 8 can have
a flexible tube extending therethrough for receiving the air
flow or, alternatively, the interior of the axle 8 can be sealed
for receiving the air flow directly. In either case, the auto-
matic inflation system 4 preferably further comprises rotary
seals 16 provided outside of the outer ends of the axle 8
(preferably on hub caps spaced apart from the outer ends of
the axle 8) and a set of flexible hoses or other air lines 18
which extend from the rotary seals 16 to the wheels 10 for
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delivering make-up air from the interior of axle 8 to each of
the tires 12, as needed. An air regulator 15 regulates the air
delivered to the axle 8 from the on-board air supply system
14 so that a desired operating pressure is maintained in each
of the tires 12.

In accordance with the inventive improvement to the
automatic inflation system 4, the inventive gas flowmeter 2
is preferably installed in the make-up air line 19 downstream
of the air regulator 15. Thus, the inventive gas flowmeter 2
can be used to determine the severity of leakage occurring
from the tire(s) 12 by accurately measuring the rate of
make-up air flow delivered by the regulator 15. As will be
understood by those in the art, the continuous flow reading
taken by the inventive gas flowmeter 2 can be directed, for
example, to an alarm, a monitor, or any other system for:
advising the vehicle operator that a leak has occurred;
informing the operator of the rate of leakage; alerting the
operator that an excessive amount of leakage is occurring;
etc.

The embodiment 2 of the inventive gas flowmeter illus-
trated in FIG. 1 comprises: a meter block or other housing
20 having a gas flow passageway 22 extending therethrough;
a porous media flow element 24 positioned in the gas flow
passageway 22; an inlet connection 26 provided in the inlet
end of the gas flow passageway 22; a coil spring 28
positioned in the gas flow passageway between the inlet
connection 26 and the porous media element 24 for holding
the porous media element 24 in operating position; an
O-ring or other sealing element 30 which seals the outlet end
of'the porous media element 24 around the outlet connection
32 of the gas flow passageway 22; a high pressure trans-
mission passage 34 extending from the gas flow passageway
22 at a point upstream of the porous media element 24; a low
pressure transmission passage 36 extending from the gas
flow passageway 22 at a point downstream of the porous
media element 24; and a pressure element 38 positioned in
a retaining bore or other cavity 40 provided in the bottom of
the housing 20.

The porous media flow element 24 can be formed of
generally any porous media material which is effective for
accurately measuring gas flow over the range of rates
experienced in the on-board tire inflation system, or other
service in question, without exceeding the system differen-
tial pressure available for the operation of flowmeter 2. In a
typical truck tire inflation system, the expected make-up air
flow range can extend from a minimum flow rate of as low
as 0.1 ml/min to a maximum make-up air flow rate of as high
as 100 ml/min or more.

The porous media element 24 will preferably be effective
for accurately measuring flows within the necessary range of
flow rates without the pressure loss across the porous media
element 24 exceeding 5 psi. More preferably, the pressure
drop across the porous media will not exceed 3 psi and most
preferably will not exceed 2 psi. The porous media
employed in the porous media flow element 24 will also
preferably be nonabsorbent and will preferably be effective
for handling the moisture, oil, and other contaminant levels
and vibration conditions experienced in on-board tire infla-
tion systems.

Further, the porous media will preferably be effective
such that the relation between the gas flow rate and the
pressure drop across the porous media is substantially linear.
In accordance with Darcy’s Law, the relationship between
the gas flow rate and the pressure drop across the porous
media will typically be such that:
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wherein Q is the gas flow rate through the porous media, K
is the hydraulic conductivity of the porous media, A is the
cross-sectional flow area of the flow element 24, and dH/dx
is the hydraulic gradient through the porous media reflecting
the amount of pressure drop per length of flow.

In any application of the inventive gas flowmeter 2, the
particular porous media selected for the flow element 24 will
be a material having an appropriate hydraulic conductivity
(K) for handling the expected range of flow rates without
exceeding the pressure drop available for operation of the
flowmeter 2. The hydraulic conductivity of the porous media
will be determined at least in significant part by the average
pore size and the pore density (i.e., the average number of
pores per unit of cross-sectional flow area) of the material.
The cross-sectional flow area and the length of the porous
media flow element 24 can also be varied to assist in
accommodating the expected flow range and available pres-
sure drop.

For applications wherein the inventive gas flowmeter 2 is
used for measuring make-up air flow rates in vehicle tire
inflation systems, the porous media typically will preferably
have a hydraulic conductivity in the range of from about
3x10  to about 3x10™* meters per second (m/s) and will
most preferably have a hydraulic conductivity in the range
of from about 3x107° to about 3x10~> m/s. In addition, the
porous media will preferably have an average pore size in
the range of from about 1 to about 40 micrometers and will
more preferably have an average pore size in the range of
from about 5 to about 15 micrometers.

Further, the cross-sectional flow area A and the hydraulic
conductivity K of the porous media flow element 24 will
preferably be selected as appropriate such that the length of
the flow element 24 does not exceed one inch and more
preferably is in the range of from about ¥ to 3 inch. In
addition, the porous media element 24 and the porous media
material will also most preferably each have a substantially
nonflexible, fixed shape. Also, the porous media material
will preferably be inert and corrosion resistant and will
preferably have a uniform distribution of pores such that the
media is effective for distributing flow evenly over the entire
cross-sectional flow area thereof. By distributing the gas
flow uniformly over the entire cross-sectional flow area, the
inventive gas flowmeter 2 will continue to function effec-
tively even in the event that a significant portion of the
cross-sectional flow area becomes plugged.

The porous media material will preferably also be sur-
rounded by an outer layer of impervious material 42. The
impervious layer 42 can generally be any material which is
suitable for the gas flow environment encountered and is
effective for preventing the gas from flowing through the
side of the porous media flow element 24. The impervious
layer 42 thus prevents the gas flow from bypassing any
portion of the porous media flow element 24 and ensures that
all of the gas flow travels through the entire length and is
distributed over the cross-sectional flow area of the flow
element 24 so that an accurate flow measurement is
obtained. Examples of preferred impervious materials
include, but are not limited to, Teflon® (e.g., Teflon® tape)
and plastics (e.g., Delrin or PVC).

The porous media material will preferably be formed
from a particulate material which has been bonded by
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6

heating or by using a bonding agent (e.g., an inert glue
material such as an epoxy resin or polyester) to produce a
porous coherent mass. Examples of particulate materials
suitable for use in forming the porous media material
include but are not limited to ceramics, metals, glass, sand,
compressed Teflon®, or combinations thereof, as well as
particulate fluoropolymer materials and other particulate
plastics.

Examples of porous media materials preferred for use in
the porous media element 24 include sintered or foamed
ceramic, sintered metal, fritted glass, fiberglass, or a com-
bination thereof. The porous media materials most preferred
for use in measuring make-up air flow rates in the inventive
improved on-board tire inflation management system 4 are
foamed or sintered ceramic and sintered metals such as
sintered bronze, sintered stainless steel, and sintered brass.
Suitable porous metal and ceramic materials of this type are
available commercially, for example, from Soilwater, Inc.
and Arrow Pneumatics.

The pressure element 38 employed in the inventive gas
flowmeter 2 can be any type of device which is capable of
handling the particular operating conditions in question and
is effective for determining the pressure differential across
the porous media flow element 24. Examples include but are
not limited to solid state transducers and strain gauge
pressure transducers. Solid state pressure transducers are
compact and provide good performance and accurate mea-
surement at reasonable cost and are therefore preferred for
use in the inventive gas flowmeter.

In addition to the features discussed above, the embodi-
ment 2 of the inventive gas flowmeter further comprises: a
circuit board 44, preferably of a type commonly used with
solid state pressure transducers, secured to the housing 20
for converting the pressure differential signal from the
pressure element 38 to an appropriate electronic signal;
electrical leads 45 extending from the pressure element 38 to
the circuit board 44; spool elements 48 and 50 positioned on
each side of the pressure element 38 for holding and sealing
the pressure element 38 within the retaining bore 40; a pair
of set screws 52 and 54 which retain the spools 48 and 50
in the bore 40 against the opposite sides of the pressure
element 38; a pressure relief valve 56 for relieving an
overpressure condition in the gas flow passageway 22 on the
upstream side of the porous media flow element 24; and a
pressure relief valve 58 for relieving an overpressure con-
dition in the gas flow passageway 22 on the downstream side
of the flow element 24.

The pressure relief valves 56 and 58 prevent damage to
the pressure element 38 and are preferably adjustable ball
check valve devices which are removably installed in the
flowmeter housing 20 such that they are in fluid communi-
cation with the high and low pressure transmission passages
34 and 36. In the event that an excessive forward pressure
differential exists across the flow element 24, the pressure
relief valve 56 will open to allow gas flow to bypass the flow
element 24 via the high and low pressure transmission
passages 34 and 36. Similarly, if an excessive reverse
pressure differential condition exists across the porous
media flow element 24, the pressure relief valve 58 will open
to allow reverse flow around the flow element 24 via the
high and low pressure transmission passages 34 and 36.

The spool elements 48 and 50 used in the inventive gas
flowmeter 2 operate to seal and retain the pressure element
38 at an appropriate operating position within the retaining
bore 40 and to place the high and low pressure transmission
passages 34 and 36 of the flowmeter housing 20 in sealed
communication with the opposite sides of the pressure
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element 38. As illustrated in FIGS. 1 and 3, each of the spool
elements 48 and 50 preferably includes: a central outer
groove 60 which is formed and positioned around the spool
for alignment with either the high pressure transmission
passage 34 or the low pressure transmission passage 36; an
additional pair of outer grooves 62 and 64 on opposite sides
of the central groove 60 wherein O-rings or other sealing
elements are received for sealing and isolating the central
groove 60 in fluid communication with the pressure trans-
mission passage 34 or 36; a groove 70 provided in the
forward end of the spool for receiving a gasket, O-ring, or
other sealing element 72 which seals against the side face of
the pressure element 38; a lateral bore 74 which extends
through the spool element 48 or 50 and is positioned in the
central groove 60; and a central bore 76 which extends
longitudinally through the forward end of the spool element
48 or 50 to the lateral bore 74. Thus, the central outer groove
60, the lateral bore 74, and the longitudinal bore 76 operate
together to place the side face of the pressure element 38 in
fluid communication with the pressure transmission passage
34 or 36.

An alternative embodiment 80 of the inventive gas flow-
meter is illustrated in FIG. 4. The inventive gas flowmeter 80
operates in the same manner and is essentially identical to
the inventive gas flowmeter 2 except that the housing block
82 of the inventive flowmeter 80 does not include a retaining
bore wherein a pressure element is retained using spools and
set screws. Rather, the inventive gas flowmeter 80 utilizes a
high pressure manifold 84 and a low pressure manifold 86
which extend directly from the high and low pressure
transmission passages of the housing block 82 to the pres-
sure element 88. In addition, the pressure element 88 is
positioned on the circuit board element 90.

Thus, the present invention is well adapted to carry out the
objects and attain the ends and advantages mentioned above
as well as those inherent therein. While presently preferred
embodiments have been described for purposes of this
disclosure, numerous changes and modifications will be
apparent to those skilled in the art. Such changes and
modifications are encompassed within the spirit of this
invention as defined by the appended claims.

What is claimed is:

1. In an apparatus for automatically delivering a make-up
air flow from a vehicle air supply source to maintain a
desired air pressure in at least one tire when a leakage of tire
air occurs, the improvement comprising a flowmeter for
determining leakage severity by measuring a rate of said
make-up air flow, said flowmeter including:

a porous media effective for creating a pressure differen-
tial across said porous media relative to said rate of said
makeup air flow, said pressure differential across said
porous media being not more than 5.6% of said desired
air pressure in said tire; and

a pressure transducer which directly measures said pres-
sure differential across said porous media.

2. The apparatus of claim 1 wherein the improvement
further comprises said porous media being a porous coherent
mass comprised of a bonded particulate material.

3. The apparatus of claim 2 wherein the improvement
further comprises said particulate material being ceramic,
metal, glass, sand, Teflon®, or a combination thereof.
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4. The apparatus of claim 1 wherein the improvement
further comprises said porous media being sintered or
foamed ceramic, sintered metal, fritted glass, fiberglass, or a

combination thereof.

5 5. The apparatus of claim 4 wherein the improvement

further comprises said porous media being sintered metal.

6. The apparatus of claim 1 wherein the improvement
further comprises said porous media being sintered bronze,

10 sintered stainless steel, or sintered brass.

7. The apparatus of claim 1 wherein the improvement
further comprises said porous media being effective for
measuring air flow at rates of from 0.1 milliliter per minute
up to at least 100 milliliters per minute with said desired air
pressure in said tire being at least 90 psig and without said
pressure differential across said porous media exceeding 5

psi.

8. The apparatus of claim 7 wherein the improvement
further comprises said porous media being effective such
that said pressure differential across said porous media does
not exceed 3 psi.

20

9. The apparatus of claim 7 wherein the improvement
further comprises said porous media being effective such
that said pressure differential across said porous media does
not exceed 2 psi.
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10. The apparatus of claim 1 wherein the improvement
further comprises said flowmeter including:
a first pressure relief valve for relieving pressure upstream
of said porous media on an upstream side of said
pressure transducer and

30

a second pressure relief valve for relieving pressure
downstream of said porous media on a downstream

. side of said pressure transducer.
11. The apparatus of claim 10 wherein the improvement

further comprises each of said first and said second pressure
relief valves being a ball-check valve.
12. The apparatus of claim 1 wherein the improvement

40 further comprises said flowmeter including:

a housing having an air flow passageway wherein said
porous media is positioned;

a first passage in said housing which places said air flow
passageway upstream of said porous media in fluid
communication with an upstream side of said pressure
transducer; and

45

a second passage in said housing which places said air
flow passageway downstream of said porous media in
fluid communication with a downstream side of said
pressure transducer.

13. The apparatus of claim 1 wherein the improvement
further comprises said pressure differential across said
porous media being not more than 3%4% of said desired air
pressure in said tire.

50

14. The apparatus of claim 1 wherein the improvement
further comprises said pressure differential across said
porous media being not more man 2.2% of said desired air
pressure in said tire.
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