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ABSTRACT

A valve which includes signal generating means for

generating a signal representing a pressure drop occurring

within a vehicle tire. The valve 1ncludes an absolute pressure

5 sensor coupled to measure the pressure within the tire. A

microprocessor 1s provided which upon activation following

operation of the wvalve stores a value of the electric pressure

signal from the pressure sensor 1n a memory. During operation

of the vehicle, the stored reference electric pressure signal

10 is compared with periodic measurements of pressure within the

tire. The transmitter 1s activated at periodic i1ntervals,

whenever a given ratio between the compared values and a

threshold value exceeds an upper or a lower limit. The system

is activated by an acceleration sensor which can detect when

15 the wvehicle is moving, thus avoiding power consumption when the

vehicle 1s stopped.
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HAVING MEANS FOR GENERATING A WIRELESS TRANSMITTABLE

L4

A VALV

Lt

INDICATING SIGNAL IN CAShH OrF A PRESSURE DROP WITHIN VEHICL]

TIRES

The present i1nvention 1is related to a valve having
means for generating a wireless transmittable indicating signal
when a pressure drop occurs within vehicle tires. This valve

gr—

1s especially suited for tires of passenger cars, lorries,

trucks and aircrafts.

In more detail, the invention 1s related to a valve
having means for generating a wireless transmittable indicating
signal due to a pressure drop (signal generating means)
occurring within vehicle tires, whereln the tire wvalve
comprises a valve spud and a valve stem extending from the

valve spud. The signal generating means 1s mounted on the

valve spud at a valve spud side remote from the valve stem.
Further, the signal generating means comprises a pressure
sensing means, a transmitter means and a power supply means. A
valve of this kind 1s known from German Patent No. 39 30 479.
The pressure sensing means disclosed therein comprises a
reference pressure chamber that 1s exposed to the desired tire
pressure when the tire valve means 1s opened, and that 1s
closed pressure-tight when the tire valve means 1s closed. The
reference pressure chamber 1s partly defined by a deflectable
diaphragm provided with a movable switching member of a
pneumatic-mechanic pressure switch. Whenever the switching

contact 1s closed, the transmitter means will be activated and

will emit an indicating signal i1ndicating a pressure drop.

Typically the sensitivity of a pneumatic-mechanic
pressure switch of this kind i1s not wvery high, because a
deflection of the diaphragm requires significant pressure

differences; typically a sensitivity lower than 0.3 or 0.4 bar
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may not be obtained. Whenever the diaphragm is made of a thin
plastics or gum material, there 1s a danger of a gradual gas
diffusion through the diaphragm, which may cause a variation of

the desired pressure adjusted within the reference pressure

chamber. Further, there 1s a danger that the diaphragm may be
displaced by substantial acceleration forces provided by the

rotating wheel.

Recently miniaturized absolute-pressure sensors have
been developed being formed like a semiconductor component and
comprising a piezo-resistive transducer or a transducer system
having a capacitive bridge circuit. Absolute-pressure sensors

g

of this kind generate an electric output (signal) which may be

F

used for modulation of a carrier frequency following

gt

amplification and processing of the output signal. Absolute-

pressure sensors of this kind may be held in an active status
continuously or periodically or may be activated only in case
of an inguiry signal or instruction. Frequently the
reproducibility or consistency of an absolute tire pressure

measuring by means of such absolute-pressure sensors, 1s

difficult, especially when considering the adverse operating

conditions of vehicle wheels, because the absolute-pressure

sensors requlre a stabilized i1nput voltage, a careful

gurn

calibration of the offset voltage and relatively constant

operating conditions. Further, the telemetric transmission of
a sensed absolute-pressure value requlres some electronic

expenditure.

It 1s the object of the present invention to provide
a tire valve having a signal generating means i1ncluding a
pressure sensing means which senses the pressure within the
vehicle tire by a miniaturized absolute-pressure sensor
generating an electric output where the known problems

regarding reproducibility and cost are reduced. Especially, a

-2~



10

15

20

25

30

69207-109 CA 02117784 2001-03-22

tire valve of this kind 1s to be provided having a signal
generating means that 1s structured simple and robust, being
adapted to sense the pressure within the tire to an accuracy of
at least 0.1 bar and providing during a multi years service
life only a minimum power demand which may be provided easily

by a conventional miniature battery.

It 1s the object of the present invention to provide
a valve having signal generating means for generating a
wilireless transmittable indicating signal when a pressure drop

occurs within a wvehicle tire, wherein the wvalve comprises a

valve spud and a valve stem extending from said valve spud
which provides a valve means which opens and closes during
pressurization of said tire, said signal generating means
mounted adjacent said valve spud comprising at least: an
absolute-pressure sensor being coupled to the pressure within
the tire and generating an electric pressure signal 1in
accordance with the pressure within the tire; an electronic
storage means; a transmitter means for telemetric transmission

e

of an indicating signal in case of a pressure drop; a

microprocessor including an arithmetic-logic unit; and an
activating means coupled to said valve means for enabling the

absolute-pressure sensor to generate an electric pressure

signal corresponding to the actually prevailing tire pressure
1n response to operation of said valve means; said electric
pressure signal being stored i1nto the electronic storage means
after each operation of said valve means and 1s availlable as a
reference pressure signal; and wherein the arithmetic-logic
unit: compares an electric pressure signal generated by said
absolute-pressure means with said stored reference pressure
signal and generates a compare signal; refers said compare
signal to a given threshold value; and activates said

transmitter means at least whenever a given ratio between the
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threshold value and the compare signal 1s outside upper and

lower limits.

According to the present i1nvention, the pressure
within the tire 1s sensed by means of a miniaturized absolute-
pressure sensor. The mlniaturized absolute-pressure sensor
comprises a modified semiconductor component, preferably based
on silicon, and having additionally transducer structures
formed micro-mechanically. An exemplary embodiment of a solid-
state (monolithic) absolute-pressure sensor comprises a
hermetically sealed vacuum chamber serving as reference and
being partly defined by a deflectable diaphragm or bridge
equlipped with a transducer system. The transducer system may
form a piezoresistive transducer having resistor elements being

connected like a Wheatstone bridge. Alternatively, the

transducer system may form a component of a capacitive bridge
circulit comprising, for example, four capacitors. The micro-
mechanically formed transducer structure may be connected in a
monolithic manner with additional circuit elements providing,
for example, functions such as stabilizing an input voltage and
generating a reference voltage, compensating effects influenced
by varying temperatures, and setting a zero point, a zero
offset, a sensitivity and a measuring range control. The
absolute-pressure sensor may be formed along with other
components (such as a microprocessor, a temperature sensor, an
accelerating sensor and further circuit elements) on a chip
being fastened on a substrate made of glass or ceramics.
Solid-state (monolithic) absolute-pressure sensors of this kind
and comprising a plezoresistive transducer structure are
commercially available for pressure measurements, for example,
1n pressure ranges from 0 to 3.5 bar gauge or from 0 to 7.0 bar
gauge or from 0 to 14 bar gauge, and are useful in a
temperature range from minus 40° C to plus 125° C. Within a

pressure range extending from about 1 to 7 bar gauge and being
-4 -
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very 1mportant for the present invention, an accuracy of at
least 0.1 bar may be obtained. Typically the output (signal)
1s a voltage of several Volts. The operating power input may
be, for example, about 1 milli Ampere. Transducer systems
comprising a capaciltive bridge circuit may provide high
sensitivity (in a magnitude of 10 milli bar), high linearity

and a low temperature dependence.

According to an essential aspect of the present

F

invention, an absolute-pressure sensor of the kind mentioned

before 1s allocated to, or coordinated with ah electronic
storage means adapted to store continuocusly a selected electric
pressure signal which has been generated by this absolute-
pressure sensor. Typically this sensor generates an output

signal 1n the form of a voltage. This voltage represents an

analog signal and 1s preferably sent to an analog to digital
converter 1n order to obtalin a digitized pressure signal. The
digitized pressure signal which may represent the sensed
pressure value, for example, 1n form of a 8-bit word or in form
of a 16-bit word, 1s stored continuously within the electronic

storage means. Obviously, the electronic storage means

requlres a relatively small storage capacity, because only one
bit word or a small number of bit words has to be stored.
Important 1s that the electronic storage means may store the
digital i1nformation continuocusly and reliably, requiring only a
minimum power demand. For example, as an electronic storage

means requlring a minimum power demand, a RAM having a

continuous power demand less than 1 micro Ampere or an EEPROM

may be used.

A RAM (Random Access Memory) stores the digitized

data as long as an operating voltage 1is applied and as long as

no new information i1s applied. For example, RAM devices are

commercially available requiring with an operating voltage of
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about 1.5 Volt only a continuous power demand of fractions of 1

r.'

micro Ampere. In case where a RAM of this type is buffered,

for example by a battery providing a capacity of about 10 milli
Ampere per hour, a usable service life of several years may be

obtained.

An EEPROM (Electrically Erasable Programmable Read
Only Memory) stores the applied data even following a
switching-off of the operating voltage. Typically, the
necessary voltage being applied to the input “PROGRAMMING” and
thereafter the several informations (status, this means high or

low voltage) will be written into and continuously hold within

the storage means at those places which are pointed by the
address. In order to read-out, an address 1is applied and a
read-out 1input 1s activated. New information or data may be

programmed and stored by electric overwriting. In addition to

EPROM there are modified

[t

this typical mode of operating an

systems for writing into and/or reading-out data from an

EEPROM. The specific feature of storage means of this type is

that the stored data will be maintained even following a

switching-off of the operating voltage. EEPROMs and modified

systems thereof are commercially availlable.

By combining an absolute-pressure sensor with an
electronic storage meansg for an electric pressure signal
(provided by the sensor) the present invention provides an
“electronic equivalent to the reference-pressure chamber” of
the conventional reference-pressure chamber provided with known
systems for sensing and 1ndicating a pressure drop within tire
vehicles. This “electronic equivalent” according to the

present 1nvention provides several advantages and benefits.

For example, a higher accuracy 1s obtained when

sensing, storing and reproducing the value of a desired
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pressure within the vehicle tire; the accuracy of the value of
the desired tire pressure 1s at least 0.1 bar. Said

“electronic equivalent” does not comprise any variable

components which might be i1nfluenced by the acceleration forces

of a rotating vehicle wheel.

Further, a value of a desired pressure within the

tire being present 1n digitized form such as a bit word may be

stored practically for an indefinite time without any danger of

becoming varied or falsified. The stored pressure value is

—
—

avallable 1n a simple and fast manner for any kind of further

processing within a microprocessor, especilally for comparing

with a new pressure value representing the actual pressure

wilithin a vehicle tire. When making such a comparison, a
compare signal 1s generated. Further, a reference is made
between the compare signal and a given threshold value. The

transmitter means will be activated, and a signal indicating a

pressure drop will be emitted whenever a given ratio between

d value and the compare signal will be over or

the thresho

under a specified deviation. By means of this ratio and/or by

means of this threshold wvalue, the sensitivity and along

therewith the release of an alarm signal and/or the kind of an

alarm signal may be varied.

Contrary to the conventional use of an absolute-
pressure sensor and 1n accordance with an aspect of the present

invention, 1t 1s not necessary to reproduce and indicate the

sensed pressure value in the form of an absolute pressure value
or digit. Alternatively and in accordance with a preferred

embodiment of the present i1nvention, the preferred digitized

pressure value 1s stored 1n the form of a reference value,
which is available for comparison purposes. The absolute digit
or magnitude of the stored value 1s of minor importance

provided that the newly generated pressure value which i1is used
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for this comparison will be generated and will be hold
avallable under the same overall conditions as the selected
pressure value representing a given pressure within the tire.
This means, according to the present invention, that relatively
laborious measurements for gauging and calibration are not

longer necessary, but there are necessary requirements for

accurate and consistent reproduction of absolute pressure
values. Withilin the purposes of the present invention it will

be sufficient when the subsequently generated pressure signal,

which corresponds to the actual pressure within the tire at a
later date, will be obtained within the same specific overall
conditions as used for the earlier generating of the selected

pressure signal which represents a given or desired pressure

within the tire. The specific deviations of both measurements

wlill be compensated and may not i1mpalr the results of a

comparison of the both pressure signals.

Further, the “electronic eqgquivalent to a conventional
reference pressure chamber” 1in accordance with the present
invention may be realized using small and simple designed
solid-state components and elements belng available
commercilally and at low cost. Typically, the absolute-pressure
sensor, the analog to digital converter, the electronic storage
means and the microprocessor may be ilntegrated all together on
one single chip fastened to a board. Using this “electronic
equilvalent to a conventional reference pressure chamber”, much
more simple, robust, compact and reliable devices for a control
of the pressure within a vehilicle tire may be realized with a

conventional reference pressure chamber.

The absolute-pressure sensor generates a selected
electric pressure signal which 1s stored within the electronic
storage means and which 1s available like a reference pressure

by electronic signal processing. The selected pressure signal
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has to be generated at the time when an intended desired

pressure 1s present within the vehicle tire.

A typical wvalve for vehicle tires comprises a valve
means 1ncluding a movable valve body biased by a spring against
a valve seat 1n order to close pressure-tight the valve means

and along the vehicle tire. Further, the valve body may be

removed from the valve seat against the spring biasing by means

of a valve push rod 1n order to effect a tire inflation step or
1in order to control or change the pressure within the tire.
Typically, following a tire inflation step and/or tire pressure
control step, an intended, desired tire pressure 1is prevailing
within the vehicle tire which corresponds to the pressure
readlng at the pressure gauge or at another pressure control

instrument provided at the service station.

The valve according to the present invention
comprises activating means to activate the signal generating
means following every tire inflation step and/or tire pressure
control step 1n order to sense the 1nstantaneous tire pressure
and to store the sensed pressure as selected electric pressure
signal within the electronic storage means. A preferred
embodiment of the activating means comprises a permanent magnet
being mechanically coupled to the valve push rod and following
the movement of the wvalve push rod when opening or closing the
valve means. A magnetilc field sensor 1s allocated to the
permanent magnet. An appropriate magnetic field sensor may be
selected, for example, from a group 1ncluding Reed contacts,
Hall sensors or magnetically controlled transistors. Another
preferred embodiment according to the present invention is a
magnetically controlled transistor having a small, robust and
mechanically reliable structure. When pushing down the valve
body 1n order to open the valve means, the distance from the

permanent magnet to the magnetic field sensor will be varied

-9 -
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and the magnetic field sensor will trigger an activating
signal. By means of a circuit including a delay device, it is
possible to sense the tire pressure a short, given, period
later than completing the steps of opening and closing the
valve means. It 1s guaranteed that the desired tire pressure
will be sensed, which 1s prevailing within the tire following a

g

compensation and/or equilibration of the pressure within the

tire and the valve, and not disturbed by any flow phenomena and
the like within the valve. The generated electric pressure
signal which corresponds to a given and desired pressure within
the tire serves as "“selected pressure signal” and will be

stored within the electronic storage means.

The selected pressure signal serves as reference
signal when performing a comparison with later generated new
pressure signals which corresponds to the actual pressure
within the tire at said time. According to a further aspect of

the present invention, the electronic storage means and/or the

microprocessor may additilionally contalin a given pressure value
adapted to the present system which corresponds to the typical
inflation or service pressure of a given vehicle tire; with
conventional tires for passenger cars this given pressure value
may comprise, for example, a value in the range from about 1.0
to about 2.5 bar gauge. The selected pressure signal will be

compared with a prior given pressure value, 1n order to sense

heavy mistakes during a tire inflation step, for example when

the tire i1inflation step will lead to a significantly low cold-
filling pressure and/or will remain under another lower limit.

In those cases, the microprocessor may trigger the transmitter

means to emit a corresponding signal which will cause an alarm

signal on the instrument panel indicating a false tire

inflation pressure.

~10-



10

15

20

25

30

£9207-19 CA 02117784 2001-03-22

Typically, the absolute-pressure sensor will
initially generate the e_.ectric pressure signal i1in a form of an
analog signal. Preferably, this analog signal will be
digitized in oxder to obtain a digital signal, for example, a
8-bit word or a 1l6-bit word, which will be stored and used for
the signal comparison step. The necessary analog to digital
converters are conventional devices and are avallable
commercially at low cost; these analog to digital converters

may be integrated as additional electronic devices on the chip.

In those cases the electronic storage means 1s

preferable digital storage means. Digital storage means of

this kind have a relatively simple design and are commercially

available.

According to another preferred aspect of the present
invention, the signal generating means may comprise
additionally a solid-state acceleration sensor. Basically, an
acceleration sensor of this kind comprises a similar structure
like the above-mentioned and explained absolute-pressure
sensor. A typical acceleration sensor comprises a diaphragm

which is mechanically stressed by varying acceleration forces.

The diaphragm forms components of, or is connected with, the
regsistor elements and/or capacitor means. The electric

characteristics will be modified in accordance with the varying

acceleration forces. The acceleration sensor generates an
electric output signal, which corresponds to the actual
acceleration force. A road or pavement may transfer to the
wheel of a running passenger car, shocks, pulses and other
impacts, which will induce in the tire acceleration forces 1in a
vertical direction in a range until about 25 g. Further, a
vehicle speed of 250 km per hour may induce at the vehicle
wheel centrifugal acceleration forces 1in a range until about

830 g. A suitable acceleration sensor has to withstand those
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acceleration forces. Further, an appropriate acceleration
sensor has to sense accurate acceleration forces 1n a range
from about 0 to about 10 g, in order to discriminate between a
vehicle standing still and the same vehicle running in a
walking speed (go slow mode). The acceleration sensor may be
realized along with other devices (such as an absolute-pressure
sensor, a storage means, an analog to digital converter, a

microprocessor and the like) on a common chip.

By means of an acceleration sensor 1t will be
possible to correct and/or compensate measuring errors of the
absolute-pressure sensor, which may be caused by varying
acceleration forces. However, 1t 1s more 1mportant to sense by
means of an acceleration sensor whether a vehicle 1s still
standing or is running at least 1n a walking speed.
Acceleration forces of about 3 g will be induced in a wheel of
vehicle which is running in walking speed. By means of an
acceleration sensor, a still-standing status of a vehicle may

be sensed, and the power demand and power consumption of the

system may be reduced during said still-standing status.

P

Preferably, a periodical sensing of the pressure within a

vehicle tire is only initiated or activated whenever the
vehicle is running at least with walking speed (about 5 km per
hour). Further, by means of an acceleration sensor a
discrimination may be made between a slow speed ride (for
example riding in a city, stop-and-go ride) and a high speed
ride (for example riding on a highway) of a vehicle. Adapted
to the mode of wvehicle riding, an activation of the absolute-
pressure sensor and/or of the microprocessor may be effected in

longer or shorter intervals or periods of time.

Alternatively, 1t 1s possible to use a second
absoclute-pressure sensor instead of using an acceleration

sensor. This second absolute-pressure sensor may sense the

~12 -
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small, periodic pressure 1lmpacts within a tire, which will
typically be generated by a rotating vehicle wheel. The second
absolute-pressure sensor may be used to discriminate between a
still-standing vehicle and a running vehicle 1n order to
activate the microprocessor and the related sensors only 1n

case of a running vehicle.

According to another preferred aspect of the present
invention, the signal generating means comprises an
additionally solid-state temperature sensor. Preferably, this
temperature sensor may be in a measuring range extending from

about minus 40° C to about plus 150° C. This temperature

sensor may sense the temperature of the pressurized fluid
within the tire of the wvehicle. The obtained values of the
temperature of the tire material and/or of the pressurized
fluid within the tire may be used to compensate the temperature
dependent deviations from the standard conditions of the sensed
tire pressure. Further, an alarm may be triggered when
exceeding a threshold temperature; this feature 1s especially

important for the tires of lorries and trucks.

According to another preferred aspect of the present
invention, the signal generating means comprise a clock
generator providing a clock frequency for a periodical
activation of the measuring system. The power consumption of
the clock generator is less than 30 nano Ampere. It 1s
possible by means of this clock generator to activate the
microprocessor and the relevant sensor in certain intervals.
The microprocessor may have a non-operative status or mode when
the microprocessor is shut-off from the power supply means and

does not consume any electrical power.

For example, the clock generator may provide clock

frequencies which will connect the microprocessor with the
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operating voltage in intervals of 4 seconds. This will

initiate the system, and the several sensors will sense the

corresponding functions, for example, the tire pressure, the
acceleration and the temperature. The resultant electric
signals are supplied to the microprocessor, and will be
processed and compared with the stored signals or data. When a
given ratio between the threshold value and the compare signal
is upper or lower a required amount, a log or listing will be
emitted. This log or listing may provide different alarm
signals, for example an indication of a too low cold-filling
pressure of the tire, a “rapid warning” when a gilven leakage

rate 1s exceeded, or a “soft warning”, when a minor leakage

rate in a range of about 0.1 bar per month occurs. These

different alarm signals may comprise different signal
frequencies, generated by the microprocessor and emitted by the
transmitting antenna of the transmitter means. For example,

good results have been obtained with a radiation efficiency of

about 6 milli Watt.

A routine interrogation of the measuring values and

the processing with the result, and because emitting a log or

listing is not required, will take only a few milll seconds.

In case the system will additionally emit a log or listing, the
system has to be activated for a few 10 milli seconds.

Thereafter, the microprocessor will be reset by an automatic

control in a stand-by condition, and the system 1s waiting for

a renewed activation or initialization.

In a general routine, this initialization will be

effected, for example, in intervals of 4 seconds. However, 1t
is possible by means of the acceleration sensor to start the
initialization only in case of vehicle running at least with a
walking speed. Whenever the vehicle remains 1n a still-

standing status, the periodic interrogation of the sensors may
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be omitted completely or may be performed 1in much larger
intervals of time. Further, 1t 1s possible by means of the
acceleration sensor to perform an initialization with a slowly
riding vehicle in larger intervals (for example 1in intervals otf
30 to 60 seconds) and with a fast riding vehicle 1in shorter

intervals (for example 1in intervals of 2 to 3 seconds).

A power saving operating method may be realized by
adapting the measuring program to the mode of vehicle riding
and/or by initiating the periodic interrogation of the sensors
and processing the measuring values only 1n certaln 1ntervals

of time. This power saving operating method of the complete

system increases essentially the useful service life of the
power supply means. For example, a sulted power supply 1s a

lithium battery providing a capacity of at least 40 milli

Ampere hours, and a voltage of about 3 Volt. For example, a
lithium battery of said type may be formed like a miniliature

battery.

According to a further aspect of the present

invention, a voltage control of the power supply means may Dbe
provided. For example, the capacity of the battery may be

controlled at given intervals, and an alarm signal may be

generated whenever the battery capacity has dropped. It 1s

possible to generate an alarm signal and to perform preventive

actions long before the battery fails due to an insufficient

capacity.

Preferably, the above-mentioned solid-state devices,
components and sensors are 1lntegrated 1nto one unit, for
example based on ASIC technique. The resulting ASIC device,
the battery and the transmitting antenna are assembled 1nto one
incapsulated module. This module 1s fastened on the valve spud

at a valve spud side remote to the valve stem. In this
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position, the sensors are in the flow of the pressurized fluid

within the tire.

Instead of a battery, other power supply means may be

provided, for example, a piezoresistive transducer, which uses

”‘

the flexibility of the tire material 1n order to generate

electric current or an inductive or capacitive 1nput of

electric power.

The present invention presents an improvement and a
further development of a valve having means for generating a
wireless transmittable indicating signal 1n case of a pressure
drop within vehicle tires. A valve of this kind is known from

German Patent No. 39 30 479. With respect to further details

of this wvalve, reference is made to the disclosure of this
document as far as 1is necessary or helpful for the

understanding of the present i1nvention.

The present invention will be explalned 1n more
detail in the following description of an embodiment of the

invention in conjunction with the accompanied drawing showing a

schematic section view of a valve according to the present

invention.

The valve 1 is intended for the rim of a passenger
car and comprises a conventional valve means and a signal
generating means formed according to the present invention.

The valve 1 comprises a valve stem 2 defining a valve bore 3
and terminating in a valve spud 15. A conventional valve means
4 (German standard DIN 7757) is arranged within said valve bore
3. The wvalve means 4 comprises a first sealing means 5, a
second sealing means 6, a valve body 7, a spring 8 and a valve
push rod 9. The first sealing means 5 is engaging pressure-
tight the inner circumference of the valve bore 3. The second

sealing means 6 forms a valve seat for the valve body 7, which
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is biased by the spring 8 towards the valve seat 6 and thus
closing pressure-tightly the valve 1 and an air tire equipped

with this valve. By means of the valve push rod 9, the wvalve

body 7 may be shifted off - against the spring 8 biasing - from

the valve seat 6, such that pressurized fluid may flow through

the valve bore 3, for example in order to perform an inflation

e

step. The valve 1 consisting of metal, for example aluminium

or brass, being inserted into the bore of a drumstick-like gum
body 12 having an enlarged section at the outer circumference
and a circumferential groove 13 cut into the enlarged section.
The groove 13 may be inserted with an elastic deformation of
the gum body 12 into a - non shown - valve opening at the rim
of the wheel of a vehicle. 1In the present case, the valve 1
being intended for a tube-less tire. A modified and adapted

embodiment of a valve according to the present 1nvention may be

used with tube tires.

In so far, the above described wvalve construction 1s
of conventional design. The present invention provides for at
least two modifications of this conventional valve design.
First, the wvalve push rod 9 moving the wvalve body 7 and
comprising conventionally a spring seat for the spring 8 1is
substantially elongated by the rod 10 comprising the spring
seat 11. The rod 10 extends beyond the spring seat 11 and
comprises a permanent magnet 18 at the free end section.
Whenever the valve means 4 1s being closed, the permanent
magnet 18 being arranged in a certaln distance to a
magnetically controlled transistor 25 of the signal generating
means 20. Whenever the valve push rod 9 is pushed down, the
rod 10 is moved respectively, and the permanent magnet 18 will

approach towards the magnetically controlled transistor 25.

Second, a cylinder-like sleeve 16 1s formed 1n a one-

piece manner at the valve spud 15 on the remote side to the

-17-

- copidie, P irw PR AR € vy Yy M T by vt A alh | Ot B N A B AR AL ¢ s T * T2 P

P PR WA PRV SR TR SRR



10

15

20

25

30

69207~-19 CA 02117784 2001-03-22

valve stem 2. The sleeve 16 comprises several radially aligned
bores 17 providing a flow connection between the valve bore 3
and an inner space of the tire. Further, the sleeve 16
comprises a stepped inner circumference, and a module
comprising the signal generating means 20 being 1nserted 1in the

thus provided step.

The signal generating means 20 comprises several
components which are depicted only i1in schematic manner. These
components include a board 21 comprising a chip 22 having
integrated devices such as an absolute-pressure sensor 23, an
acceleration sensor 24, a magnetically controlled transistor 25
and a microprocessor 26, which includes an analog to digital

converter 27 and an electric storage means 28. A battery 29

being arranged adjacent to the board 21; for example, a suited
battery 29 is a lithium battery providing a capacity of about
40 milli Ampere hours. A transmitter means 30 including
transmitting antenna 31 being arranged adjacent to the battery
29. All these components being sealed within a casting resin
thus forming a module 32. As depicted, the module 32 comprises
a projection at the outer circumference thereof, and this

projection is enabled to snap in a circumferential groove

formed at the inner circumference of the sleeve 16.

Alternatively, there are other means of fastening the module 32
with the sleeve 16, for example, a fastening by means of - non

shown - screws or other fastening means.

In a practically realized embodiment of a wvalve
according to the present invention, a module being fastened to
the valve spud of a valve is being intended to the rim of a
passenger car. This module comprises a diameter of about 20 mm

and an axial length of about 10 to 12 mm. The module weight

-18-
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amounts only about 10 g. Thus, an additional fastening of this
signal generating means to a valve does not provide a

significant 1mbalance.
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CLAIMS:

1. A valve having signal generating means for generating

a wireless transmittable indicating signal when a pressure drop

occurs within a vehicle tire, wherein the valve comprises a

valve spud and a valve stem extending from said valve spud
which provides a valve means which opens and closes during
pressurization of said tire, said signal generating means

mounted adjacent said valve spud comprising at least:

an absolute-pressure sensor being coupled to the
pressure within the tire and generating an electric pressure

signal in accordance with the pressure within the tire;

an electronic storage means;

a transmitter means for telemetric transmission of an

indicating signal in case of a pressure drop;

a microprocessor including an arithmetic-logic unit;

and

an activating means coupled to said valve means for
enabling the absolute-pressure sensor to generate an electric
pressure signal corresponding to the actually prevailing tire

pressure in response to operation of said valve means;

said electric pressure signal being stored into the
electronic storage means after each operation of said valve

means and is available as a reference pressure signal;
and wherein the arithmetic-logic unit:

compares an electric pressure signal generated by
said absolute-pressure means with said stored reference

pressure signal and generates a compare signal;

-20 -
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refers said compare signal to a given threshold

value; and

activates said transmitter means at least whenever a
given ratio between the threshold value and the compare signal

is outside upper and lower limits.

2. The valve according to claim 1, wherein said signal

generating means further comprises an acceleration sensor.

3. The valve according to claim 1, wherein said
absolute-pressure sensor 1s malntalined 1n a deactivated status

and senses a tire pressure to generate an electric pressure

signal only on a selective activation.

4, The valve according to claim 2, wherein a periodical
activation of the absolute-pressure sensor 1s effected when the

acceleration sensor has sensed a rotation of said tire.

5. The valve according to claim 1, wherein saild
absolute-pressure sensor comprises a plezoreslistive transducer

or a capacitive bridge circuit.

6 . The valve according to claim 1, wherein said signal
generating means additionally comprises an analog to digital
converter which transforms the analog pressure signals 1into

digital signals.

7. The valve according to claim 1, wherein said
electronic storage means comprises a digltal storage means

enabled to store at least an 8-bit word.

8 . The valve according to claim 7, wherein said
electronic storage means comprises a RAM (random access memory)

requiring a continuous power demand less than 1 micro Ampere.
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9. The valve according to claim 7, wherein said

electronic storage means comprises an EEPROM (electrically

erasable programmable read only memory) .

10. The valve according to claim 1, said valve means
includes a movable valve body biased by a spring into a valve
seat in order to close the valve and further including a valve
push rod enabled to move the valve body against the spring and
away from the valve seat in order to change the tire pressure,
wherein said activating means comprises a permanent magnet

mechanically coupled with the valve push rod and following the

movement thereof;

said signal generating means comprises a magnetic

F

field sensor sensing an approach of said permanent magnet; and

said microprocessor generates and stores said
selected electric pressure signal whenever the magnetic field

sensor (25) has sensed an opening and renewed closing of the

valve means.

11. The valve according to claim 10, wherein said

magnetic field sensor comprises a magnetically controlled

transistor.

12. The valve according to claim 1, whereiln said
electronic storage means contains a given pressure value

corresponding to a desired pressure of a given vehicle tire;

said selected pressure signal beiling accessed whenever
the activating means has been activated, and said pressure
signal is compared with said desired pressure value generating
an alarm signal whenever said selected pressure signal differs

substantially from said desired pressure value.
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13. The valve according to claim 1, wherein said signal
generating means comprises additionally a temperature sensor
for sensing the temperature of the tire material and/or of the

pressurized fluid within the tire.

14 . The valve according to claim 1, wherein said signal
generating means comprises additionally a clock generator

providing a clock frequency for a periodical activation of the

MiCroprocessor.

15. The valve according to claim 1, wherein said signal
generating means additionally comprises a voltage control means

for a power supply means which provides an operating voltage.

SMART & BIGGAR
OTTAWA, CANADA

PATENT AGENTS
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