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1
TIRE PRESSURE MONITORING METHOD

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

Conventional tire pressure management systems typically
have central tire inflation systems (CTI systems), also
known as on-board inflation systems and traction systems,
These tire pressure management systems are well known, as
may be seen by reference to the following U.S. Pat. Nos.
3,516,379; 5,313,995; 5,273,064; 5,253,687; 5,180,456;
5,179,981; 5,174,839; 5,121,774; 4,924,926; 4,922,946;
4,917,163; 4,893,664; 4,883,106, 4,883,1035; 4,825,925;
4,782,879;,4,754,792; 4,724,879, 4,678,017; 4,640,331 and
4,619,303. The entire disclosure of each of these patents 1s
incorporated herein.

Generally, tire pressure management systems employ a
pneumatically controlled wheel valve that 1s affixed to each
vehicle wheel assembly for controlling tire pressure in
response to pressure signals from a fluid control circuit. The
fluid control circuit 1s connected to each wheel valve via a
rotary seal assembly associated with each wheel valve. Tire
pressure may be monitored with of a sensor disposed 1n a
conduit assembly 1n the fluid control circuit. When the wheel
valve and certain control valves are opened, the pressure in
the conduit assembly equalizes to tire pressure which can be
sensed by the sensor. An electronic control unit receives
clectrical pressure signals generated by the sensor and
appropriately controls the fluid control circuit 1n response
thereto for intlating or deflating a selected tire.

A tire inflation management system that monitors tire
pressure with a central sensor typically will add a small
amount of fluid to a tire so monitored because tluid 1n the
conduits must have a pressure that exceeds the pressure of
fluid 1n the tire to overcome the bias of the normally-closed
wheel valve and mmitiate tluid communication among the tire
and conduit assemblies. Because tire inflation management
systems typically cycle through pressure monitoring rou-
tines regularly, for example every ten minutes, the small
amounts of fluid 1input 1nto a tire eventually can 1ncrease the
overall pressure beyond a target pressure of, or overinflate,
the tire. Tire overintlation can cause undesirable uneven and/
or rapid wear. Thus, what 1s needed 1s a method of monitor-
ing the fluid pressure of, with a sensor of a tire pressure
management system disposed without, a tire that prevents
overinflation of same.

SUMMARY OF THE INVENTION

The invention provides a method of monitoring the fluid
pressure of, with a sensor of a tire pressure management
system disposed without, a tire that prevents overinflation of
same. The method of monitoring a fluid pressure of a tire
with a sensor, disposed 1n conduit assemblies for conducting,
fluid to or from the tire, of a tire pressure management sys-
tem 1ncludes providing a pulse of compressed tluid to the
conduit assemblies, unless a counter exceeds a count, the
fluid 1n the conduit assemblies thereafter having a conduit
pressure. The pulse has a duration that corresponds to a ratio
defined by a first predetermined amount divided by a second
predetermined amount.

The mvention provides improved elements and arrange-
ments thereof, for the purposes described, which are
inexpensive, dependable and effective 1 accomplishing
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intended purposes of the invention. Other features and
advantages of the present invention will become apparent
from the following description of the preferred
embodiments, which refers to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention 1s described 1n detail below with reference
to the following figures, throughout which similar reference
characters denote corresponding features consistently,
wherein:

FIG. 1 1s a diagrammatic view of a tire pressure manage-
ment system for a vehicle, a vehicle incorporating same
being shown 1n dotted line;

FIG. 2 1s a cross-sectional detail view of a conventional
vehicle wheel assembly;

FIG. 3 1s a schematic view of components of the system of
FIG. 1; and

FIG. 4 1s a schematic view of a flow chart for a method
configured according to the imvention.

L1
=]

ERRED

DETAILED DESCRIPTION OF THE PR.

EMBODIMENT

The mvention 1s a method of monitoring the fluid pressure
of, with a sensor of a tire pressure management system dis-
posed without, a tire that prevents overintlation of same. The
method may be achieved with known tire pressure manage-
ment systems, such as the exemplary tire pressure manage-
ment system described below.

FIG. 1 shows a tire pressure management system 10 for a
vehicle 12 for describing, but not limiting applicability of
the invention. Vehicle 12 may be, but 1s not limited to being a
tractor-trailer. The system may be used in connection with a
wide variety of vehicles, including automobiles.

Vehicle 12 may include a plurality of axles, including a
steer axle 14, a tandem axle assembly having drive axles 16,
18 and another tandem axle assembly having trailer axles 20,
22. As shown 1n greater detail in FIG. 2, each axle, such as
drive axle 14, may include wheels 24 affixed to wheel hubs
26 disposed at each outboard end of the axle and rotationally
supported on axle 14. Each wheel 24 may include one or
more inflatable tires 28 mounted thereon.

System 10 monitors and controls pressure within each tire
28 of vehicle 12. System 10 may include wheel valve assem-
blies 30, a fluid source 32, a vacuum source 34, and a fluid
control circuit 36. System 10 may further include at least a
sensor 200, one or more electronic control units 42, one or
more load sensors 44, a speed sensor 46, and an operator
control device 48.

Wheel valve assemblies 30 are provided to control the
flow of pressurized fluid into and out of tires 28. Valve
assembly 30 1s mounted to each end of each axle and 1is
connected to the remainder of system 10 through a rotary
seal connection 50. Wheel valve assembly 30 1s conventional
and may include the wheel valve assembly described and
illustrated 1n U.S. Pat. No. 5,253,687 or U.S. Pat. No. 6,250,

327, the entire disclosures of which are incorporated herein.

Rotary seal assembly 50 also 1s conventional and may
include the rotary seal assembly described and 1llustrated 1n

U.S. Pat. No. 5,174,839, the entire disclosure of which also
1s 1ncorporated herein.

Referring again to FIG. 2, wheel valve assembly 30 may
include an 1nlet port 30a coupled to a rotatable port 30b of
rotary seal assembly 50, an outlet port 30b 1n fluid commu-
nication with the interior of tire 28, and an exhaust port 30c,
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best shown 1n FIG. 1. Rotary seal assembly 50 may further
include a non-rotatable port 50a connected to a conduit 52 of
fluid control circuit 36. Valve assembly 30 assumes a closed
position, as illustrated in FIG. 1, when the fluid pressure at
inlet port 30a 1s substantially atmospheric, an open position
connecting inlet port 30a and outlet port 30b when the fluid
pressure at inlet port 30a 1s a positive pressure, and an
exhaust position connecting outlet port 30b and exhaust port
30c when the fluid pressure at inlet port 30a 1s a negative
pressure.

Fluid source 32 provides positive pressurized fluid to sys-
tem 10 and tires 28. Fluid source 32 is conventional and may
include a pressure source, such as a pump 54, an air dryer 56,
and a first fluid tank 58 connected via a conduit 60 to the
brake system fluid tanks 62, 64 and to the fluid control cir-
cuit 36 via a branch conduit 60a. Check valves 66 prevent
sudden loss of fluid pressure 1n brake tanks 62, 64 in the
event ol upstream pressure loss. A pressure sensor 68 moni-
tors pressure within tank 58 and provides a pressure 1indica-
tive signal to electronic control unit 42.

Vacuum source 34 produces a negative pressure in system
10 to decrease fluid pressure 1n tires 28 of vehicle 12.
Vacuum source 34 also 1s conventional and may include a
vacuum generator 70 controlled through a solenoid valve 72.
A low pressure zone 1s produced by passing tluid through a
venturi like portion of vacuum generator 70. Upon urging
solenoid valve 72 into an open position via a control signal
from electronic control unit 42, a vacuum or negative fluid
pressure, relative to atmospheric pressure, 1s introduced 1n a
conduit 74, which has a small orifice 76 disposed proximate
the low pressure zone produced by generator 70. Conduit 74
also 1s connected to a one-way vent valve 78 for rapid vent-
ing of positive fluid pressure from conduit 74. Vent valve 78
includes a valving member 80 that 1s drawn into a closed
position in response to negative fluid pressure 1n conduit 74
and 1s urged 1nto an open position 1n response to positive
pressure tluid 1n conduit 74.

Fluid control circuit 36 directs the flow of pressurized
fluid within system 10 for controlling pressure 1n tires 28 of
vehicle 12. Control circuit 36 may include a pair of pressure
control valves 82, 84 and a plurality of axle distribution
valves 86, 88, 90. As shown, a single fluid control circuit 36
controls pressure 1 all of the tires 28 of vehicle 12.
However, control circuit 36, and other portions of system 10,
may be replicated so that, for example, one control circuit 36
may control tire pressures in the tractor portion of vehicle 12
and another control circuit 36 may control tire pressure 1n
the trailer portion of vehicle 12.

Pressure control valve 82 directs positive pressurized fluid
from fluid source 32 to tires 28 of vehicle 12. Valve 82 may
include a conventional two position-two way, solenoid a
controlled and pilot fluid operated valve. Valve 82 includes a
valving member 92 that 1s spring biased toward a closed
position, as shown 1n FIG. 1. Valving member 92 assumes an
open position 1n response to energizing of a solenoid opera-
tively associated therewith via control signals from elec-
tronic control unit 42. Valve 82 has a first port 82a coupled to
a conduit 94 leading to tluid source 32. Valve 82 has a sec-
ond port 82b coupled to another conduit 96 leading to axle
distribution valves 86, 88, 90.

Pressure control valve 84 vents control circuit 36. Valve
84 1s conventional and may also include a two position-two
way, solenoid controlled and pilot fluid operated valve.
Valve 84 includes a valving member 98 that 1s spring biased
toward an open position, as shown 1n FIG. 1. Valving mem-
ber 98 assumes a closed position 1n response to energizing a
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solenoid operatively associated therewith via control signals
from electronic control unit 42. Valve 84 has a first port 84a
coupled to conduit 74 leading to orifice 76. Valve 84 has a

second port 84b coupled to conduit 96 leading to axle distri-
bution valves 86, 88, 90.

Axle distribution valves 86, 88, 90 limit the supply of
positive pressurized fluid to, or the release of fluid from, the
tires 28 of one or more axles 14, 16, 18, 20, 22 of vehicle 12.
Valves 86, 88, 90 are conventional and may include two
position-two way, solenoid controlled and pilot fluid oper-
ated valves. Valves 86, 88, 90 direct the flow of fluid to and
from the tires 28 of axles 14, 16 and 18, and 20 and 22,
respectively. Each of valves 86, 88, 90 includes a valving
member 100, 102, 104, respectively, that 1s spring-biased
toward an open position, as shown i FIG. 1, and which
assumes a closed position 1n response to energizing a sole-
noid operatively associated therewith via electrical signals
from electronic control unit 42. Each of valves 86, 88, 90
respectively has first ports 86a, 88a, 90a coupled to conduit
96. Each of valves 86, 88, 90 respectively has second ports

86b, 88b, 90b leading to respective corresponding conduits
52, 106, 108 for each axle or tandem axle of vehicle 12.

Although axle distribution valves 86, 88, 90 are shown,
individual tire distribution valves could be used 1n conjunc-
tion with axle distribution valves 86, 88, 90 or as an alterna-
tive to axle distribution valves 86, 88, 90 to further control
the flow of fluid to and from 1ndividual tires 28 of vehicle 12.
Further, although only three axle distribution valves 86, 88,
90 are shown, the number of axle distribution valves may be
varied depending upon the number of axles of vehicle 12 and

to allow for greater individual control of the tires 28 of
vehicle 12.

Sensor 200 may be electrically integrated with electronic
control unit 42. Sensor 200 1s disposed 1n fluid communica-
tion with conduit assemblies for conducting fluid to and/or
from tires 28. Sensor 200 may transmit a parameter signal
indicative of a measured parameter associated with a corre-
sponding tire 28 of vehicle 12. The parameter may corre-
spond to fluid pressure or another value, such as
temperature, that may be indicative of pressure.

Referring to FIG. 3, electronic control unit 42 controls
fluid control circuit 36. Control unit 42 may include a micro-
processor operating under the, control of a set of program-
ming istructions commonly referred to as software. Elec-
tronic control unit 42 may include a memory 114 1n which
the programming instructions are stored. Memory 114 also
may contain identification codes for each tire 28 of vehicle
12 to uniquely identily the particular tire 28 to which a par-
ticular parameter signal corresponds. Memory 114 also may
be used to record tire pressure values or user inputs over a
period of time to assist 1n evaluating tire pressure manage-
ment.

Control unit 42 may receive iput signals from central
presser sensor 200, one or more load sensors 44, speed sen-
sor 46, and operator control device 48. Control unit 42 out-
puts a plurality of control signals to control valves 82, 84,
86, 88, 90 of fluid control circuit 36 and solenoid valve 72 of
vacuum source 34. Control unit 42 also may generate a plu-
rality of output signals to a display device which may
include a part of operator control device 48 or a freestanding
device. The latter signals may be used to trigger the display
pressure readings and/or deflection levels for each vehicle
tire 28, the load on vehicle 12 or a portion of 1t, and the speed
of vehicle 12. The signals may also be used to trigger warmn-
ings to the operator of vehicle 12 1n the event that pressure
cannot be maintained 1n one of the vehicle tires 28, the pres-
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sure exceeds or falls below predetermined maximum and
mimmuim tire pressure values, or the pressure differs from a
target pressure value by more than a predetermined amount.

In operation, to be able to sense pressure 1n any of tires 28,
the conduit assemblies for conducting tluid to or from tires
28 1n which sensor 200 1s disposed must be 1n equilibrium
with tires 28. To bring the pressure in the conduit assemblies
and tires 28 1nto substantial equilibrium, valve assembly 30
must open to permit the fluid communication needed for
conduit assemblies and tires 28. As described above, valve
assembly 30 closes when pressure 1n the conduit a assem-
blies 1s neutral or at equilibrium with the pressure 1n tires 28.
Thus, to obtain a pressure 1n the conduit assemblies equiva-
lent to the pressure 1n tires 28, control unit 42 must instruct
system 10 to provide compressed fluid to the conduit assem-
blies which 1s sufficient to open valve assembly 30. In
practice, such pulse will increase the pressure 1n tire 28.
However, as described below, because cyclical monitoring
of tires 28 can lead to overintlation, such pressure should be
mimmized.

Load sensors 44 provide an indication as to the load on
vehicle 12 and, consequently, tires 28 of vehicle 12, or the
load on some portion of vehicle 12 and, consequently, select
tires 28 of vehicle 12. Load sensors 44 are conventional and
load sensing may be provided 1n a variety of known ways,
including through analysis of pneumatic pressure in the sus-
pension of vehicle 12, analysis of powertrain parameters, the
use of displacement transducers, or the implementation of
load beams and strain gauges. Fach load sensor 44 may
provide one or more signals to electronic control unit 42

indicative of the load bearing on vehicle 12 or a portion
thereof.

Electronic control unit 42 may imtiate pressure adjust-
ment 1n tires 28 of vehicle 12 1n response to signals from
load sensors 44 1n a variety of ways. For example, electronic
control unit may cause an increase or decrease 1n the pres-
sure 1n one or more tires 28 responsive to a corresponding
increase or decrease in vehicle load based on a variety of
linear or non-linear functions. One or more tire detlection
tables may be stored 1n a memory, such as memory 114, and
accessed by electronic control unit 42 responsive to the sig-
nals from load sensors 44.

Speed sensor 46 measures the speed of vehicle 12 to fur-
ther control deflection levels for tires 28. High deflection
levels can create safety concerns and reduce tire life 1if main-
tained while vehicle 12 1s operating at relatively high speeds.
Speed sensor 46 1s conventional and provides a signal to
clectronic control unit 42 corresponding to speed.

Operator control device 48 may allow the operator, of
vehicle 12 to exert at least some level of control over system
10. Device 48 1s conventional and may include a plurality of
input/output devices, such as a keypad, touch screen,
switches or similar input devices, and a display screen,
sound generator, lights or similar output devices. Thus,
device 48 permits an operator of vehicle 12 to transmit con-
trol signals to electronic control unit 42 to adjust pressure
levels within the tires 28 of vehicle 12. The control signals
may, for example, correspond to detlection levels for tires 28
of vehicle 12. As a result, the operator 1s able to adjust the
deflection level of the tires 28 to correspond to the terrain
over which vehicle 12 is traveling. Such control 1s desirable
to provide improved floatation and traction on certain ter-
rain.

The sequencing and 1nteraction of components of system
10 may be appreciated more readily in the context of the
tollowing description of the present method.
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FIG. 4 shows a flow chart of the present method. The
method may be called during the execution of a master tire
pressure maintenance program (not shown). For example,
control unit 42 may pass control to step S0 if a routine of the
master tire pressure maintenance program instructs control
unit 42 to measure or ascertain the current tire pressure of at
least one of tires 28. Control unit 42 then passes control to

step S10.

At step S10, the invention provides for determining
whether system 10 1s maintaining or monitoring tire pres-
sure. During tire pressure maintenance, tire pressure 1s
adjusted; during tire pressure monitoring, tire pressure 1s not
adjusted, only ascertained. As described above, control unit
42 ascertains the pressure of at least one of tires with central
sensor 200. Ascertaining pressure in any of tires 28 with
central sensor 200 requires increasing the pressure of the
conduit assemblies for conducting tluid to or from tires 28 1n
an amount suificient to open the appropriate valve assembly
30, imitiating fluid communication and attaining equilibrium
among the conduit assemblies and the target tire 28. If main-
taining pressure 1s occurring, pressure in tire 28 1s low, there-
fore adding fluid, hence increasing pressure of, tire 28 1s of
minimal concern. However, iI only monitoring pressure 1s
occurring, adding fluid may cause overintlation because tire
inflation management systems typically cycle through pres-
sure monitoring routines regularly, thus any addition of fluid
to tires 28 from which would eventually increase the pres-
sure 1n tires 28 beyond a target pressure. Accordingly, 1f
control unit 42 does not detect the existence of a mainte-
nance tlag, which may have been set during execution of the
master tire pressure maintenance program, control unit 42
may 1nstruct pertinent components of system 10 to direct a
large pulse of compressed tluid into the conduit assemblies
which 1s likely to open valve assemblies 30 and increase the
pressure thereot slightly. To this end, control unit 42 passes
control along branch B15 to step S20, described below. If
control unit 42 detects a maintenance tlag, the invention pro-
vides for pressurizing the conduit assemblies incrementally
to bring the conduit assemblies up to or slightly over the
target pressure, causing the valve assembly 30 associated
with a tire 28 having a lower pressure to open and permit
attainment ol equilibrium among the condut assemblies and

the tire 28. To that end, control umt 42 passes control along
branch B10 to step S15.

At step S15, the invention provides for pressurizing the
conduit assemblies with a short pulse of compressed tluid.
Control unit 42 instructs solenoid 82 and any of solenoids
86, 88 and/or 90 to open, and solenoid 84 to close, as
described above, for a relatively brief duration, such as 750
msec, thereby forming a small pulse of compressed fluid.
This pulse 1s configured to pressurize the conduit assemblies
in an amount that 1s not suilicient to open a valve assembly
30, thereby restrict fluid from entering or overintlating a tire
28. The duration may be set by the manufacturer in an
amount deemed appropriate. Control unit 42 then passes
control to step S25, described below.

At step S20, the mvention provides for supplying a large
pulse of compressed fluid to the conduit assemblies. Control
unit 42 instructs solenoid 82, and any of solenoids 86, 88
and/or 90 to open, and solenoid 84 to close, as described
above, for a relatively long duration, such as 4 sec, thereby
forming a large pulse of compressed fluid. Unlike 1n step
S15, this pulse 1s configured to pressurize the conduit assem-
blies 1n an amount that 1s suificient to open a valve assembly
30, thereby promote fluid communication and subsequent
equilibrium among the conduit assemblies and tire 28. Sub-
sequent pressure measurement at the manifold would yield a
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pressure corresponding to the current pressure in tires 28.
The duration of the large pulse may be set by the manufac-
turer 1n an amount deemed appropniate. Thereafter, control
unit 42 passes control to step S25.

At step S25, the mnvention provides for pausing for a first
pause duration. The {first pause duration extends as long as
needed to attain pressure stabilization, for measuring static
pressure, of the fluid 1n the conduit assemblies. Control unit
42 instructs solenoid 82 to close while leaving open sole-
noids 86, 88 and/or 90. Control unit 42 then passes control to

step S30.

At step S30, the imnvention provides for measuring the cur-
rent gage pressure in the conduit assemblies and saving same

as a variable “temp1l.” Control unit 42 then passes control to
step S33.

At step S35, the invention provides for determining
whether the current tire pressure, or measured gage pressure
in the conduit assemblies, equals or exceeds an operator-
configured, or operator designated, target tire pressure. If the
measured gage pressure equals or exceeds the target
pressure, no further tire pressure adjustment 1s required,
therefore control passes onto line leak checking routines.
Accordingly, if “templ” exceeds the target tire pressure,
control unit 42 passes control along branch B25 to step S55,
described below. If “templ™ does not exceed the target tire

pressure, control unit 42 passes control along branch B20 to
step S40.

Step S40 1s similar to step S10, described above, therefore
1s described no further. If the maintenance flag 1s set, control
unit 42 passes control along branch B30 to step S45,
described below. If the maintenance flag 1s not set, control
unit 42 passes control along branch B335, to branch B40 and
thereatfter to step S35, described below.

At step S45, the mvention provides for incrementing a
counter then determining whether the value of the counter
exceeds a manufacturer-configured, or manufacturer
designated, limit. IT control unmit 42 repeatedly increases con-
duit assembly pressure 1n incremental amounts more than,
for example, six times, control unit 42 operates under the
assumption that the pressure in tires 28 1s below the target
pressure and require inflation. Thus, if the counter value
exceeds the limit, control unit 42 passes control along
branch 340 to step S535, described below. 11 the counter value
does not exceed the limit, control unit 42 passes control
along branch B45 to step S50.

At step S350, the invention provides for providing a pulse
of compressed fluid, having a proportioned pulse duration,
to tires 28. The pulse duration 1s the amount of time that
solenoids 82 and solenoids 86, 88 and/or 90 are open, and
solenoid 84 1s closed, to provide fluid communication
between source 32 and tires 28. The pulse duration 1s propor-
tioned according to the current pressure shortfall with
respect to the target pressure divided by the pressure
increase realized from the last pulse of compressed fluid
introduced into the conduit assemblies. Pulse duration 1s cal-
culated according to:

D =n*Dy* (P,~templ)/(templ-P; )]

where D, 1s the pulse duration for the next pulse; n 1s a
manufacturer-configurable, or manufacturer designated,
adjustment factor for fine tuning, the pulse duration in con-
sideration of characteristics of the tire maintenance system,
il necessary; D, 1s the pulse duration of the last pulse of
compressed fluid introduced into the conduit assemblies,
such as at steps S15 or S50; P - 1s the target pressure; templ
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1s the current gage pressure measured; and P, 1s the pressure
measured during the last execution of the routine. The pulse
duration 1s based on a previous a pulse duration employed to
closed the gap between the measured current gage pressure,
measured at step S30, and the target pressure. Because the
gap following the previous pulse should be smaller, the dura-
tion of a subsequent pulse 1s reduced correspondingly. Thus,
pulse duration 1s diminished by a fraction, or ratio, wherein
the dividend 1s the target pressure less the current measured
gage pressure and the divisor i1s the current measured gage
pressure less the pressure measured during the last execution
of the routine. As the current and target pressures approach
equality, the pulse duration diminishes correspondingly.
Pulses of compressed fluid having a pulse duration as calcu-
lated above will bring conduit assembly pressure up to, but
not over the target pressure. Thus, during monitoring, no
flmid 1s added to tires 28, avoiding overinflation of same.
Control unit 42 then passes control to step S25, described
above.

At step S55, the invention provides for clearing the
counter described with respect to step S45. Control unit 42
then passes control to step S60.

At step S60, the mnvention provides for pausing for a sec-
ond pause duration. The second pause duration extends as
long as needed to determine whether line leaks exist 1n the
conduit assemblies. Thus, the second pause duration 1s long
enough to allow an amount of fluid to escape from the con-
duit assemblies 1 a line leak exists therein. Similar to step
S25, control unit 42 1instructs solenoid 82 to close while
leaving open solenoids 86, 88 and/or 90. Control unit 42
then passes control to step S65.

At step S65, the invention provides for measuring the
post-adjustment gage pressure 1n the conduit assemblies and
saving same as a variable “temp2.” Control unit 42 then
passes control to step S70.

At step S70, the mvention provides for determining
whether the difference between the pressure measured after
the first, brief settling period, at step S235, and the second,
extended stabilization period, at step S60, exceeds a
manufacturer-configured, or manufacturer designated, limut.
The limit represents an amount deemed symptomatic of a
line leak. When the difference between “templ” and
“temp2” does not exceed the limit, control unit 42 passes
control along branch B35 to step S80, described below.
When the difference exceeds the limit, control unit 42 passes
control along branch B50 to step S75.

At step S75, the invention provides for logging a line leak
fault. Control unit 42 then passes control to step S90,
described below.

At step S80, the invention provides for clearing a line leak
fault which may have been logged at step S75, for example,
during a previous execution of the present method. Control
unit 42 then passes control to step S85.

At step S83, the invention provides for saving the mea-
sured gage pressure “templ” as the current pressure P, . This
accommodates the possibility that tires 28 are below the
target pressure. Thus, the mvention provides for setting the
target pressure to the pressure that exists in the conduit
assemblies. Control unit 42 then passes control to step S90.

At step S90, the invention provides for returning control
to the main tire pressure maintenance program (not shown).
Thereaiter control unit 42 may mnitiate an inflation routine
(not shown) to bring the pressure of tires 28 up to the target
pressure.

While the mnvention has been particularly shown and
described with reference to the preferred embodiment
thereof, 1t 1s well understood by those skilled that various
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changes and modifications can be made 1n the invention
without departing from the spirit and scope of the invention.
We claim:
1. A method of determining a tire pressure in a vehicle tire
comprising the steps of:

ascertaining a first fluid pressure 1n a conduit disposed
between a fluid source and said tire using a sensor dis-
posed 1n said conduit;

comparing said first fluid pressure to a target pressure;

providing a pulse of compressed fluid to said conduit
when said first fluid pressure 1s less than said target
pressure, said pulse having a duration determined
responsive to a duration of a previous pulse of com-
pressed fluid provided to said conduit and a change 1n
pressure 1n said conduit resulting from said previous
pulse; and,

repeating said ascertaining, comparing, and providing

steps until said first fluid pressure i said conduit
reaches said target pressure.

2. The method of claim 1 wherein said first fluid pressure
1s ascertained following a predetermined hold time that
begins after said previous pulse 1s provided to said conduit.

3. The method of claim 1 wherein said duration of said
previous pulse 1s a preset period.

4. The method of claim 1 wherein said duration of said
pulse 1s determined 1n accordance with the following for-
mula:

D =n*Dy*[(P~temp, )/(temp1-P;)]

wherein n 1s a predetermined value, D, 1s said duration of
said previous pulse, P..1s said target pressure, temp1 1s
said first fluid pressure and P; 1s a previous fluid pres-
sure 1n said conduit resulting from said previous pulse.
5. The method of claim 1 further comprising the steps of:

determining a second fluid pressure 1n said conduit fol-
lowing a predetermined line leak hold time; and,

comparing said first and second fluid pressures.

6. The method of claim 5 wherein said tire pressure equals
said first fluid pressure 1f a difference between said first and
second fluid pressures 1s less than a predetermined amount.

7. The method of claim 5 further comprising the step of
logging a line leak fault if a difference between said first and
second fluid pressures 1s greater than a predetermined
amount.

8. A method of determining a tire pressure in a vehicle tire
comprising the steps of:

ascertaining a {irst tluid pressure in a conduit disposed
between a tluid source and said tire using a sensor dis-
posed 1n said conduit;

comparing said first fluid pressure to a target pressure;
incrementing a counter when said first fluid pressure 1s
less than said target pressure;

comparing said counter to a predetermined value;

providing a pulse of compressed fluid to said conduit
when said first fluid pressure 1s less than said target
pressure and said counter 1s less than said predeter-
mined value, said pulse having a duration determined
responsive to a duration ol a previous pulse of com-
pressed fluid provided to said conduit and a change in
pressure 1n said conduit resulting from said previous
pulse; and,

repeating said ascertaining, comparing, and providing
steps until said first fluid pressure 1 said conduit
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reaches said target pressure or said counter reaches said
predetermined value.

9. The method of claim 8 wherein said first fluid pressure
1s ascertained following a predetermined hold time that
begins after said previous pulse 1s provided to said conduit.

10. The method of claim 8 wherein said duration of said
previous pulse 1s a preset period.

11. The method of claim 8 wherein said duration of said
pulse 1s determined 1n accordance with the following for-
mula:

D =n*D ¥ (P,~templ)/(templ1-P;)]

wherein n 1s a predetermined value, D, 1s said duration of
said previous pulse, P..1s said target pressure, temp1 1s
said first fluid pressure and P, 1s a previous fluid pres-
sure 1n said conduit resulting from said previous pulse.
12. The method of claim 8, further comprising the steps

of:

determiming a second fluid pressure 1n said conduit fol-
lowing a predetermined line leak hold time; and,

comparing said first and second tluid pressures.

13. The method of claim 12 wherein said tire pressure
equals said first fluid pressure 1f a difference between said
first and second fluid pressures 1s less than a predetermined
amount.

14. The method of claim 12 further comprising the step of
logging a line leak fault if a difference between said first and
second fluid pressures 1s greater than a predetermined
amount.

15. A system for determining whether a vehicle tire is at a
target pressure, COmprising.

a conduit disposed between a fluid tank on said vehicle

and said vehicle tive;

a first valve disposed between said fluid tank and said
conduit;

a sensor in fluid communication with said conduit and
generating a fluid pressure signal indicative of fluid
pressure in said conduit;

an electronic control unit configured to perform a control
operation in which said unit controls said first valve to
introduce a pulse of compressed fluid into said conduit,
a determination operation in which said unit deter-
mines a fluid pressure in said conduit vesponsive to said
fluid pressure signal, a comparison operation in which
said unit compares said fluid pressure in said conduit to
a target pressure, and a vepeat operation in which said
unit repeats said control, determination, and compare
operations if said fluid pressure in said conduit does not
meet a first predetermined condition relative to said
largel pressure.

16. The system of claim 15 wherein said electronic control
unit is further configurved to perform an update operation in
which said unit updates a value of a counter if said fluid
pressure does not meet said first predetermined condition
relative to said target pressure.

17. The system of claim 16 wherein said electronic control
unit is further configured to determine whether said value of
said counter meets a second predetermined condition.

18. The system of claim 17 wherein said electronic control
unit is further configured to rveset said counter to a predeter-
mined value if said value of said counter meets said second
predetermined condition.

19. The system of claim 16 wherein said electronic control
unit is further configured to perform said update operation
prior to said repeat operation.
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20. The system of claim 15 wherein said electronic control
unit is further comnfigured to perform said determination
operation after a predetermined hold time following said
control operation.

21. The system of claim 15 wherein said pulse has a pre-
determined duration.

22. The system of claim 15 wherein said first valve is a
solenoid valve.

23. The system of claim 15, further comprising a second
valve disposed between said first valve and said vehicle tive.

24. The system of claim 23 wherein said second valve is a
solenoid valve.

25. The system of claim 23 wherein said electronic control
unit is configured to control said second valve.

26. The system of claim 23 wherein said second valve is
configured to selectively vent said conduit.

27. The system of claim 15, further comprising a rotary
seal assembly disposed between said conduit and said
vehicle tive.

28. A method for determining whether a vehicle tive is at a
target pressure, comprising the steps of:

controlling a first valve disposed between a fluid tank on

said vehicle and a conduit that is disposed between said
fluid tank and said tive to introduce a pulse of com-
pressed fluid into said conduit;

determining a fluid pressure in said conduit responsive to
a fluid pressurve signal genervated by a sensor in fluid
communication with said conduit, said fluid pressure
signal indicative of fluid pressure in said conduit,

comparing said fluid pressuve in said conduit to a target
pressure;

providing a pulse of compressed fluid to said conduit

when said fluid pressure is less than said target pres-
sure; and,
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repeating said controlling, determining, and comparing
steps if said fluid pressure in said conduit does not meet
a first predetermined condition relative to said target
pressure.

29. The method of claim 28, further comprising step of
updating a value of a counter if said fluid pressure does not
meet said first predetermined condition relative to said tar-

get pressure.

30. The method of claim 29, further comprising the step of
determining whether said value of said counter meets a sec-
ond predetermined condition.

31. The method of claim 30, further comprising the step of
resetting said counter to a predetermined value if said value
of said counter meets said second predetermined condition.

32. The method of claim 29 wherein said updating step
occurs prior to said vepeating step.

33. The method of claim 28 wherein said determining step
is performed after predetermined hold time following said
controlling step.

34. The method of claim 28 wherein said pulse has a

predetermined duration.

35. The method of claim 28 wherein said first valve is a
solenoid valve.

36. The method of claim 28, further comprising the step of
controlling a second valve disposed between said first valve
and said tive.

37. The method of claim 36 wherein said second valve is a
solenoid valve.

38. The method of claim 36 wherein said second valve is
configured to selectively vent said conduit.
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