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Description

BACKGROUND OF THE INVENTION

[0001] This invention relates to automotive tire pres-
sure sensors. More particularly, this invention relates to
a battery powered method and system for monitoring in-
ternal tire pressure of vehicle tires using a sensor system
with improved sensitivity and a power saving device.
[0002] Tire pressure sensor systems are known and
are commonly used to monitor the internal air pressure
in individual pneumatic tires of a vehicle and to provide
a warning signal to the driver whenever the internal air
pressure in one or more of the vehicle tires is dangerously
low or high. The warning signal is typically generated by
an r.f. signal generator controlled by a microprocessor
connected to the tire pressure sensor, the warning signal
being generated whenever the internal tire pressure
measured by the sensor lies outside a predetermined
normal operating range, signifying either a high or a low
pressure condition.. This r.f. signal is transmitted to a
vehicle-mounted receiver, which uses the warning signal
to alert the driver either visually (by activating a warning
lamp or display) or audibly (by activating an audible
alarm) or both. Electrical power to the sensor circuitry is
provided by a battery, which must be replaced when the
available power drops below a useful level.
[0003] Known tire pressure systems, such as that dis-
closed in US-A-6959594 use a mechanical strain sensor
having an essentially linear variable resistance charac-
teristic in one branch of an electrical bridge circuit to
measure the internal pressure of a tire to which the sensor
is attached. This type of sensor is relatively insensitive
to mechanical vibrations, which are regularly encoun-
tered in an automotive environment. In addition, the con-
figuration of the electrical circuitry (i.e., the electrical
bridge circuit) is relatively simple, has well-known per-
formance characteristics, and has been found to be rea-
sonably reliable in operation.
[0004] In spite of the effectiveness of the known sensor
circuitry using the strain sensor and bridge circuit, there
are inherent limitations which limit the performance of
such devices. Firstly, due to the fact that only a single
variable resistance element (the strain gauge) is incor-
porated into one branch of the bridge circuit, the sensi-
tivity of the sensor circuit is limited to the variable resist-
ance range of the single strain gauge used. This limits
the potential measurement range of the sensor system.
In addition, the known sensor circuitry is susceptible to
measurement inaccuracies due to different coefficients
of thermal resistivity of the variable resistance strain sen-
sor and the fixed resistances forming the bridge circuit.
Secondly, since the sensor circuitry is continuously pow-
ered by the essential battery, the useful lifetime of the
battery is limited by the battery energy capacity. This
drawback is compounded by the need for components
having relatively small physical size due to installation
constraints. As a consequence, battery replacement is a

major constraint to the efficacy of such known sensor
systems.
[0005] Efforts to provide a simple yet accurate and du-
rable tire pressure monitoring system devoid of the
above-noted disadvantages have not been successful to
date.

SUMMARY OF THE INVENTION

[0006] The invention comprises a method and system
for monitoring internal vehicle tire pressure employing a
variable resistance sensor assembly having greater sen-
sitivity than known devices and more tolerant of temper-
ature fluctuations; and a power saving unit providing ex-
tended useful battery life.
[0007] From a first apparatus aspect, the invention
comprises an improvement for a tire pressure sensor sys-
tem having a variable resistance displacement sensor
for providing resistance values indicative of internal tire
pressure when coupled to a pneumatic tire; a processor
coupled to the displacement sensor element for convert-
ing resistance values corresponding to inadequate inter-
nal tire pressure to r.f. generator activation signals; and
an r.f. generator circuit for transmitting an unsafe tire
pressure warning signal when activated by the proces-
sor. The improvement comprises a variable resistance
sensor assembly having first and second individual
stretch sensors, each stretch sensor having a first flexible
layer containing a variable resistance element and a sec-
ond flexible support layer, with the individual stretch sen-
sors being arranged with the first flexible layer of the first
stretch sensor in facing relation with the first flexible layer
of the second stretch sensor so that the variable resist-
ance elements face each other. The variable resistance
elements are inserted in an electrical bridge circuit having
four branches: a first pair of the four branches have fixed
resistance elements connected in series, while a second
pair of the four branches have the variable resistance
elements of the first and second stretch sensors connect-
ed in series.
[0008] In a preferred variation of this basic embodi-
ment, the variable resistance sensor assembly further
includes third and fourth individual stretch sensors, with
each of the third and fourth stretch sensors having a first
flexible layer containing a variable resistance element
and a second flexible support layer. The third and fourth
individual stretch sensors are mutually arranged with the
second flexible support layer of the third stretch sensor
in facing relation with the second flexible support layer
of the fourth stretch sensor. Also, the first flexible layer
of the third stretch sensor is arranged in facing relation
with the second flexible support layer of the second
stretch sensor. The variable resistance elements are in-
serted in an electrical bridge circuit having four branches:
a first one of the branches has the variable resistance
element of the first stretch sensor, a second one of the
branches has the variable resistance element of the
fourth stretch sensor, a third one of the branches has the
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variable resistance element of the second stretch sensor,
and a fourth one of the branches has the variable resist-
ance element of the third stretch sensor. The first and
second branches are connected in series, and the third
and fourth branches are connected in series.
[0009] In both of the above embodiments, the ohmic
electrical connections in the bridge circuit ensure that
resistance changes due to temperature changes are can-
celled out by the configuration of the resistance compo-
nents.
[0010] The tire pressure sensor system components
comprising the processor, the r.f. generator circuit, the
variable resistance sensor assembly, and a battery are
all mounted on a common support substrate having a
flexible portion underlying at least the variable resistance
sensor assembly. The support substrate can be mounted
on a tire side wall-either the outside wall or the inside
wall; or embedded in the tire side wall during the tire
formation process. In surface mount installations, a sen-
sor guide secured to a tire side wall slidably captures a
free end of the sensor assembly. The other end of the
sensor assembly is secured to the tire side wall. This
arrangement prevents excessive longitudinal stretching
of the sensor assembly and premature failure.
[0011] There is also disclosed a power saving unit for
use in a tire pressure sensor system having a variable
resistance sensor for providing resistance values indic-
ative of internal tire pressure when coupled to a pneu-
matic tire; a processor coupled to the sensor for convert-
ing resistance values corresponding to inadequate inter-
nal tire pressure to r.f. generator activation signals; and
an r.f. generator circuit for transmitting an unsafe tire
pressure warning signal when activated by the proces-
sor. The power saving unit limits the application of elec-
trical power to the variable resistance sensor in a manner
related to tire speed so that power is only applied, and
thus drawn from the battery, for a measurement period
related to tire speed after the tire speed has reached a
threshold speed value. Preferably, this measurement pe-
riod is related to the time required for a tire of a given
size to complete a preselected number of revolutions.
[0012] The power saving unit has an input terminal
adapted to be coupled to a source of electrical power
(the battery in a particular embodiment), an output ter-
minal for supplying electrical power to the variable resist-
ance sensor, and a vehicle speed sensitive switch for
connecting the input terminal to the output terminal when
the tire attains a first predetermined speed and for dis-
connecting the input terminal from the output terminal
when the speed of the tire drops below the first prede-
termined speed. In one embodiment, the switch compris-
es an electrically conductive contact member, such as a
spring, having a first portion connected to the output ter-
minal and a free end, and an electrically conductive pivot
member, such as a spring or a pivot arm, having a first
portion connected to the input terminal and a mass mem-
ber mounted on a free end. The mass member is mount-
ed to make physical contact with the free end of the con-

tact member when the tire attains the first predetermined
speed, thus enabling the transfer of electrical power from
the input terminal to the output terminal. Preferably, the
mass member has opposing ends; and the switch is pro-
vided with first and second contact members connected
to the output terminal, with the first contact member hav-
ing a free end located in the path of one of the opposing
ends of the mass member, and the second contact mem-
ber having a free end located in the path of the other one
of the opposing ends of the mass member. With this con-
figuration, the positioning of the power saving unit on a
vehicle tire is facilitated.
[0013] In an alternate embodiment, a magnetically ac-
tuatable reed switch is coupled between the input termi-
nal and output terminal, and a magnet is mounted on the
free end of the pivot arm to activate the reed switch when
the tire attains the first predetermined speed.
[0014] In an alternate embodiment, the power saving
unit further includes a control signal output terminal cou-
pled to the processor; and the vehicle speed sensitive
switch includes control signal means for connecting the
power input terminal to the control signal output terminal
when the tire attains a second predetermined speed dif-
ferent from (and preferably higher than) the first prede-
termined speed and for disconnecting the input terminal
from the control signal output terminal when the speed
of the tire drops below the second predetermined speed.
When received, the control signal serves as an indication
to the processor that a different smaller measurement
period can now be used. This different measurement pe-
riod is also related to the time required for the tire to com-
plete a preselected number of revolutions.
[0015] In this embodiment, the switch configuration is
essentially the same as the switch used in the first em-
bodiment. The control signal means comprises a contact
member having a first portion connected to the control
signal output terminal and a free end, and the mass mem-
ber in the switch is mounted to make physical contact
with the free end of the contact member when the tire
attains the second predetermined speed. Similar to the
first embodiment, the mass member preferably has op-
posing ends; and the control signal means includes first
and second contact members connected to the control
signal output terminal, the first contact member having a
free end located in the path of one of the opposing ends
of the mass member, and the second contact member
having a free end located in the path of the other one of
the opposing ends.
[0016] There is further disclosed a method of reducing
power consumption in an electrically powered tire pres-
sure sensor system having a variable resistance sensor
for providing resistance values indicative of internal tire
pressure when coupled to a pneumatic tire, a processor
coupled to the sensor for converting resistance values
corresponding to inadequate tire pressure to r.f. gener-
ator activation signals, and an r.f. generator circuit for
transmitting an unsafe tire pressure warning signal when
activated by the processor, the method comprising the
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steps of:

(a) providing a source of electrical power; and
(b) applying the electrical power to the variable re-
sistance sensor for a tire pressure measurement pe-
riod whose duration is a related to tire speed. Step
(b) of applying preferably includes the steps of (i)
preventing the application of electrical power to the
variable resistance sensor until the tire speed reach-
es a first tire speed threshold, (ii) furnishing electrical
power to the variable resistance sensor for a meas-
urement period related to the period of time required
for a preselected number of tire revolutions at the
first tire speed threshold when the tire speed reaches
the first tire speed threshold, and (iii) terminating the
application of electrical power to the variable resist-
ance sensor when the tire speed falls below the first
tire speed threshold.

[0017] The method may further provide for a second
measurement period by modifying step (b) of applying to
further include the step of changing the length of the
measurement period to a different value when the tire
speed reaches a second tire speed threshold, the differ-
ent value being related to the period of time required for
a preselected number of tire revolutions at the second
tire speed threshold.
[0018] Embodiments of the invention provide a con-
venient solution to the problem of monitoring internal tire
pressure in vehicles equipped with pneumatic tires. The
system can be installed either during manufacture of a
new tire, manufacture of a new vehicle or as an aftermar-
ket item. Further, existing vehicles without tire pressure
sensor systems can easily be retrofitted with a state-of-
the-art system at relatively low cost. This is particularly
beneficial in jurisdictions which mandate low tire pressure
warning devices on all road vehicles. The sensor assem-
bly provides substantially enhanced measurement sen-
sitivity, and the power saving unit substantially reduces
power consumption, which is particularly important in
those installations which use a relatively inaccessible
battery as a source of electrical power.
[0019] For a fuller understanding of the nature and ad-
vantages of embodiments of the invention, reference
should be made to the ensuing detailed description taken
in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

FIG. 1 is a schematic view of a prior art single tire
pressure monitor circuit using a single stretch sensor
in a bridge circuit;
FIG. 2 is a perspective view of a single tire pressure
monitor circuit having four stretch sensors in a bridge
circuit embodying the invention;
Fig. 3 is a perspective view similar to Fig. 2 showing

an alternate embodiment of a single tire pressure
monitor circuit having two stretch sensors arranged
in series connected branches of a bridge circuit;
Figs. 4 shows the comparative sensitivity of the prior
art bridge circuit of Fig. 1 and the two embodiments
of the invention shown in Figs. 2 and 3;
FIG. 5 is a schematic perspective view of a tire pres-
sure monitoring system according to the invention
showing the physical layout of the major compo-
nents;
Fig. 6 is a perspective view showing a single tire
pressure monitoring system embodying the inven-
tion mounted on the outside wall of a tire;
Fig. 7 is a sectional view through a vehicle wheel
and tire showing two possible placements of the sys-
tem;
Fig. 8 is a sectional view similar to Fig. 7 showing an
internal placement of the system;
Fig. 9 is a schematic view of a first embodiment of a
motion detector;
Fig. 10 is a schematic view of an alternate embodi-
ment of a motion detector;
Figs. 10A and 10B are schematic views of an alter-
nate embodiment of a motion detector having a reed
switch;
Fig. 11 is a schematic view of a multi-stage embod-
iment of a motion detector; and
Figs. 12A and 12B are timing diagrams illustrating
the operation of a multi-stage motion detector of Fig.
11 at two different wheel speeds.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0021] Turning now to the drawings, Fig. 1 is a sche-
matic view of a prior art single tire pressure monitor circuit
using a single stretch sensor in a bridge circuit. As seen
in this Fig., the monitor circuit, generally designated with
reference numeral 10, includes a single stretch sensor
12 ohmically connected in one branch of a bridge circuit
having three additional branches each with a fixed resist-
ance R ohmically connected as shown. Stretch sensor
12 is a known component having the property of an ohmic
resistance which varies in a predictable amount with lin-
ear longitudinal displacement of the sensor body. Stretch
sensor 12 has a first layer 14 on which a thin variable
resistance element 15 is mounted; and a second, base
layer which carries the first layer and provides additional
mechanical strength for sensor 12. The fixed resistances
R are all of equal value. A reference voltage Vin from a
source of D.C. electrical power (not shown) is applied to
two nodes of bridge circuit 10. Stretch sensor 12 is affixed
to a vehicle tire (not shown) in such a manner that the
stretch sensor 12 will flex as a function of internal pres-
sure. The resistance value of stretch sensor 12 depends
upon the amount of flexing due to the internal tire pres-
sure and the direction in which the flexing occurs. As
shown in Fig. 1, when sensor 12 flexes in a first direction
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the value of the resistance increases (R+r), where R is
the at rest resistance value of sensor 12 and r is the
additional resistance value due to the flexing of sensor
12. Similarly, when sensor 12 flexes in the opposite di-
rection, the value of the resistance decreases (R-r). As
the resistance of stretch sensor varies, the measuring
voltage Vout will vary accordingly, thus providing a meas-
ured value of internal tire pressure.
[0022] FIG. 2 is a perspective view of a single tire pres-
sure monitor circuit having four stretch sensors 22a-22d
in a bridge circuit 20 embodying the invention. As seen
in this Fig., each sensor assembly 22 comprises four two
layer stretch sensors each having a first layer 24 bearing
the variable resistance element, and a base layer 25.
Two of the stretch sensors 22a, 22b are arranged with
the first layers in facing relation; while the two remaining
stretch sensors 22c, 22d are arranged in back-to-back
relation. The sensors 22a and 22c which face in the same
direction are designated in Fig. 2 with the annotation R+r;
while the two sensors 22b and 22d which face in the
same direction but opposite from the direction of sensors
22a and 22c are designated with the annotation R-r. The
sensors are ohmically connected as shown in Fig. 2 with
the R+r sensors arranged in two opposite branches of
the bridge circuit 20, and the R-r sensors arranged in the
other two opposite branches of the bridge circuit 20. With
this arrangement, any variations in resistance due to ther-
mal effects are totally cancelled out electrically, so that
measured resistance values are a pure function of inter-
nal tire pressure. The sensor assembly 22 is physically
mounted to the tire in the manner described below.
[0023] Fig. 3 is a perspective view similar to Fig. 2
showing an alternate embodiment of a single tire pres-
sure monitor circuit having two stretch sensors arranged
in series connected branches of a bridge circuit. As seen
in this Fig., each sensor assembly 32 comprises two two
layer stretch sensors each having a first layer 24 bearing
the variable resistance element, and a base layer 25.
The two stretch sensors 32a, 32b are arranged with the
first layers in facing relation in an R+r, R-r configuration.
The single layer sensors are ohmically connected as
shown in Fig. 3 with the R+r sensor and the R-r sensor
arranged in series connection in adjacent branches of
the bridge circuit 30. The other two branches of the bridge
circuit are provided with fixed resistance elements 26 of
equal value R. With this arrangement, any variations in
the variable resistance elements due to thermal effects
are totally cancelled out electrically, and any variations
in the fixed resistance elements R due to thermal effects
are totally cancelled out electrically so that measured re-
sistance values are a pure function of internal tire pres-
sure. The sensor assembly 32 is physically mounted to
the tire in the manner described below.
[0024] Figs. 4 shows the comparative sensitivity of the
prior art bridge circuit of Fig. 1 and the two embodiments
of the invention shown in Figs. 2 and 3. As seen in this
Fig., for the single sensor prior art device shown in Fig.
1 the magnitude of the output voltage Vout is a function

of r/4R. For the two sensor embodiment of Fig. 3 the
magnitude of the output voltage Vout is a function of r/
2R. For the four sensor embodiment of Fig. 2, the mag-
nitude of the output voltage Vout is a function of r/R. As
will be appreciated by those skilled in the art, the Fig. 2
embodiment provides an increase in sensitivity by a fac-
tor of four over the prior art arrangement; while the Fig.
3 embodiment provides an increase in sensitivity by a
factor of two. This represents a substantial improvement
in measurement capability.
[0025] FIG. 5 is a schematic perspective view of a tire
pressure monitoring system 50 according to the invention
showing the physical layout of the major components.
As seen in this Fig., the major components of the tire
pressure monitoring system 50 include an integrated cir-
cuit 51, a battery 52, a stretch sensor assembly 22 or 32,
an antenna 54, and a motion detector 55 (described be-
low). These components are secured in any desired fash-
ion (such as by using a suitable adhesive) to a substrate
layer 56. The integrated circuit 51 contains the active
electronic components usually found in an r.f. monitoring
system and will not be further described as this arrange-
ment is well known to those skilled in the art. The antenna
54 is coupled to the r.f. section of integrated circuit 51 in
the usual manner. The stretch sensor assembly 22, 32
is ohmically connected to a bridge circuit contained in
integrated circuit 51. Battery 52 is connected to the power
input terminals of integrated circuit 51. Substrate layer
56 is adhered to a mounting layer 57 using a suitable
adhesive. At least those portions of substrate layer 56
and mounting layer 57 underlying stretch sensor assem-
bly 22 or 32 should be sufficiently flexible to allow the
stretch sensor assembly to flex with the tire side wall in
order to provide an accurate resistance value. For sur-
face mount installations (described below), a generally
U-shaped sensor guide 58 having anchor ends 59a, 59b
slidably captures sensor assembly 22, 32 and the under-
lying portions of substrate layer 56 and mounting layer
57. Sensor guide is dimensioned to maintain sensor as-
sembly 22, 32 closely adjacent the tire side wall, while
at the same time permitting sliding motion of sensor as-
sembly 22, 32 within sensor guide58.
[0026] Sensor assembly 22, 32 is fixed at the lower
end thereof to a first tire anchor point (the outer tire sur-
face, the inner tire surface or an internal anchor point-
see below) by adhering the generally rectangular lower
portion of substrate layer 56 and mounting layer 57 to
the first tire anchor point. The anchor ends 59a, 59b of
sensor guide 58 are fixed to a second tire anchor point.
When the contour of the tire side wall changes due to a
change in internal tire pressure, sensor assembly 22, 32
will flex with the contour change due to the fact that sensor
assembly 22, 32 is fixed to the tire anchor point at the
lower end thereof and is slidably retained in close prox-
imity to the tire side wall by sensor guide 58. However,
since only the lower end of sensor assembly 22, 32 is
fixed to the first tire anchor point, sensor assembly 22 32
cannot be stretched to the breaking point, which could
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occur if sensor assembly 22, 32 were firmly adhered
along its entire length. This mounting arrangement pre-
vents premature failure of sensor assembly 22, 32.
[0027] As shown in Fig. 6, a single tire pressure mon-
itoring system 50 according to the invention can be
mounted on the outside wall of a tire 61 by attaching the
mounting layer 57 (Fig. 5) to the tire sidewall at an ap-
propriate location. This can be done using a suitable ad-
hesive, such as an epoxy adhesive. Preferably, the sys-
tem 50 is adhered to the tire sidewall using a two com-
ponent hook-and-loop attachment system, such as that
sold under the Velcro trademark. This arrangement pro-
vides addition vibration damping to an installed tire pres-
sure sensing system.
[0028] Fig. 7 is a sectional view taken through a vehicle
tire and wheel assembly illustrating two alternate place-
ments of the tire pressure sensing system 50. As seen
in this Fig., the system 50 can be attached to the outside
wall 61 of the vehicle tire using the attachment mecha-
nism described above. This placement allows for easy
replacement of an exhausted battery 52 since the battery
52 is readily accessible. Alternatively, the system 50 can
be attached to the inside tire wall 62 prior to mounting
the tire on the wheel 63. This arrangement provides pro-
tection for the system 50 components from mechanical
abrasion and severe environmental conditions, but has
the disadvantage that the tire must be removed from the
wheel 63 when battery 52 needs replacement.
[0029] Fig. 8 is a sectional view similar to Fig. 7 show-
ing another alternate placement of the tire pressure sen-
sor system. As seen in this Fig., sensor system 50 is
molded into the interior of the tire between outer side wall
61 and inner side wall 62. Since the temperatures re-
quired for the tire molding process are relatively low com-
pared to the temperature tolerance of the components
of system 50, this internal placement is practical. The
internal arrangement shown provides the maximum pro-
tection for the components of system 50 since they are
entirely encased in the tire material. However, when the
battery 52 is exhausted, it cannot be replaced with this
arrangement.
[0030] The resistance measurement process used to
determine internal tire pressure is very similar to that dis-
closed in the above-referenced pending U.S. patent ap-
plication serial no. 10/346,490. The value of the meas-
ured resistance of stretch sensor assembly 22, 32 varies
between a maximum R max when the pressure sensor
system 50 is located a minimum distance from the pave-
ment and subject to maximum displacement (closest to
the pavement), and a minimum R min when the pressure
sensor system 50 is at the maximum distance from the
pavement (farthest from the pavement) and subject to
minimum displacement. The parameter which is used to
compute tire pressure is the difference R = (R max) - (R
min). This parameter is calculated by programmed cir-
cuitry within integrated circuit 51. When this value lies
within a predetermined acceptable range defined by two
predetermined threshold values, no signal is transmitted

from antenna 54 since the internal tire pressure is within
the permitted range. When the value of R is greater than
a predetermined first threshold value-signifying a low
pressure condition, integrated circuit 51 activates an in-
ternal r.f. transmitter, which causes a low pressure signal
to be transmitted from antenna 54. Similarly, when the
value of R is less than a predetermined second threshold
value- signifying a high pressure condition, integrated
circuit 51 activates the internal r.f. transmitter, which
causes a high pressure signal to be transmitted from an-
tenna 54. The low pressure signal or high pressure signal
is received by conventional on-board receiver circuitry
(not shown), which converts the low or high pressure
signal to a perceivable warning signal, such as a visible
indicator, an audible alarm, or both. In general, the re-
ceiver circuitry includes a decoder for decoding the low
and high pressure signals to a form which can be used
to operate the warning indicator. Representative exam-
ples of such receivers are illustrated and described in
U.S. Patent Nos. 5,900,808; 6,175,301; and 6,453,737.
Since the receiver circuitry is conventional and well-
known to those skilled in the art, further description is
deemed unnecessary.
[0031] To conserve battery power, resistance meas-
urements can be made periodically, rather than contin-
uously. For example, an initial vale of R may first be cal-
culated. If the value of R is less than the first threshold
value and higher than the second threshold value (i.e.
indicates that the tire pressure lies within the acceptable
range), integrated circuit 51 will wait for one minute, and
then proceed with another calculation of the parameter
R. If any calculation results in a value of R which lies
outside the range defined by the two threshold levels (i.e.
higher than the first threshold or lower than the second
threshold), integrated circuit 51 will wait for a shorter pe-
riod (ten seconds) and then perform another calculation
of the parameter R. If the result is another value of R
which lies outside the range defined by the two thresh-
olds, integrated circuit 51 activates the r.f. transmitter to
generate a low or high tire pressure signal. If the result
is a successive value of R which does not lie outside the
range defined by the two thresholds, integrated circuit 51
will wait for one minute, and then proceed with the next
calculation.
[0032] To further conserve battery power, power from
the battery 52 to integrated circuit 51 is selectively applied
under control of a motion detector 55, a first embodiment
55A of which is shown in Fig. 9. As seen in this Fig., one
terminal of battery 52 (the positive terminal in this em-
bodiment) is connected to a first terminal 91 of motion
detector 55A. Terminal 91 is ohmically connected to a
pair of contact springs 92, 93 disposed along a pivot path
94 of a mass block 95. Mass block 95, which is fabricated
from an electrically conductive material, is mounted to
the upper end of a pivot spring 96, also fabricated from
an electrically conductive material. The lower end of pivot
spring 96 is ohmically connected to a power output ter-
minal 98. Power output terminal 98 is connected to the
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power input terminal of integrated circuit 51.
[0033] In operation, when the vehicle tire to which tire
pressure sensor system 50 is attached is at rest, mass
block 95 is positioned centrally of contact springs 92, 93
and maintained in this position by the action of pivot
spring 96. In this central position, mass block is out of
contact with contact springs 92, 93 and, as a result, power
from battery 52 does not flow to output terminal 98 and
no power is consumed. As the vehicle tire starts to rotate,
mass block 95 is deflected along pivot path 94 under the
influence of centrifugal force in the direction of either con-
tact spring 92 or contact spring 93, depending on the
orientation of motion detector 55 on the tire side wall and
the direction of rotation of the tire. When the rotational
speed of the tire reaches a predetermined value (e.g. 10
m.p.h.), mass block 95 is deflected a sufficient distance
to make contact with one of the two contact springs 92,
93. At this point, an ohmic electrical circuit is established
between power input terminal 91 and power output ter-
minal 98, and D.C. electrical current can flow from battery
52 to integrated circuit 51. It should be noted that the tire
speed at which power is applied to integrated circuit 51
is a matter of design choice and can be set at a value
deemed appropriate to one of skill in the art. Once a pow-
er connection is established between battery 52 and in-
tegrated circuit 51, the tire pressure measurement proc-
ess described above commences.
[0034] Fig. 10 illustrates an alternate embodiment of
the motion detector 55B. In this embodiment, pivot spring
96 is replaced by a pivot arm 101, pivotally mounted at
the bottom end thereof to a fixed reference point and
having a ferro-magnetic mass block 103 mounted on the
upper end thereof. A permanent magnet 105 is secured
to a fixed reference point of motion detector 55B. Oper-
ation of the embodiment of Fig. 10 is very similar to the
embodiment of Fig. 9, with the difference that the mag-
netic force between mass block 103 and permanent mag-
net 105 maintains mass block 103 out of contact with
spring 92 or spring 93 until the magnitude of the centrif-
ugal force due to the rotation of the tire exceeds the mag-
nitude of the magnetic holding force between mass block
103 and permanent magnet 105.
[0035] Figs. 10A and 10B illustrate another alternate
embodiment of the motion detector 55C. Fig. 10A shows
motion detector 55C in the unactuated state, while Fig.
10B shows motion detector 55C in the actuated state. In
this embodiment, pivot arm 101 has a magnet 106 mount-
ed on the upper end thereof. Permanent magnet 105 is
secured to a fixed reference point of motion detector 55C.
Contact springs 92, 93 are replaced by a magnetically
actuated normally open contact reed switch 108 having
a first terminal 109 ohmically connected to input terminal
91 and a second terminal 110 ohmically connected to
terminal 98. Operation of the embodiment of Figs. 10A
and 10B is as follows. When the magnitude of the cen-
trifugal force due to the rotation of the tire is less than the
magnitude of the magnetic holding force between mag-
net 106 and magnet 105, pivot arm 101 and magnet 106

are maintained in the attitude illustrated in Fig. 10A, in
which magnet 106 is sufficiently remote from reed switch
108 that reed switch remains in the unactuated state and
no electrical power is transferred between terminal 91
and terminal 98. When the magnitude of the centrifugal
force due to the rotation of the tire exceeds the magnitude
of the magnetic holding force between magnet 106 and
magnet 105, pivot arm 101 and magnet 106 are rotated
(counter-clock wise in Fig. 10B) so that magnet 106 ap-
proaches reed switch 108 and causes the contacts there-
in to close, thereby ohmically connecting terminals 91
and 98 and transferring electrical power from battery 52
to integrated circuit 51. While only one reed switch 108
is shown in Figs. 10A and 10B, it is understood that a
pair of reed switches 108 may be used in motion detector
55C positioned at locations similar to the locations of con-
tact springs 92, 93 in the embodiment of Fig. 9.
[0036] As will now be apparent, the inclusion of motion
detector 55A -55C in the power circuit of tire pressure
sensor system 50 prolongs the useful life of battery 52
by preventing the application of D.C. electrical power to
integrated circuit 51 when the vehicle to which the tire is
rotatably attached is at rest or moving at a speed at which
tire pressure is not a matter of concern. Even further pow-
er savings can be achieved by the multi-stage motion
detector 55D shown in Fig. 11. As seen in this Fig., multi-
stage motion detector 55D has the same elements 91,
92, 93, 95, 96, and 98 incorporated therein as motion
detector 55A. In addition, motion detector 55D includes
an additional pair of power contact springs 112, 113
mounted along opposite ends of the pivot path 94 of mass
block 95 but arranged at points along the pivot path 94
which are outboard of the inner contact faces of contact
springs 92, 93. Power contact springs 112, 113 are ohm-
ically connected in parallel to an additional output termi-
nal 115, which is connected to a dedicated input port of
integrated circuit 51. The purpose of contact springs 112,
113 and output terminal 115 is to provide a control signal
to integrated circuit 51 signifying that the tire rotation
speed has achieved a predetermined higher value than
that signified by contact between mass block 95 and ei-
ther contact spring 92 or contact spring 93. For example,
the mechanical parameters controlling the rotational
speed at which springs 92, 93 and mass block 95 make
contact and permit the application of electrical power to
integrated circuit 51 to enable the tire pressure measure-
ment process may be set at 10 m.p.h.; while the mechan-
ical parameters controlling the rotational speed at which
springs 112, 113 and mass block 95 make contact and
generate the control signal may be set at 50 m.p.h. The
control signal on output terminal 115 is used for the fol-
lowing purpose.
[0037] During the tire pressure measurement process,
a significant amount of power is consumed from battery
52 when electrical current is applied to sensor assembly
50. Multi-stage motion detector 55D enables integrated
circuit 51 to minimize the total amount of current applied
during the measurement process by limiting the meas-
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urement period to the time period required to make an
accurate measurement of the tire pressure as a function
of vehicle speed. Figs. 12A and 12B illustrate this power
tailoring technique for a 205/65R15 tire having a radius
of 0.32 m. For a vehicle speed of 10 m.p.h., the time
required for one revolution of this specific tire is 0.45 sec-
ond. Thus, the minimum time period required to obtain a
measurement of Rmin and Rmax is 0.45 second. Since
the angular position of the tire at any given moment when
electrical power is applied to integrated circuit 51 is in-
determinate with the present system, it is prudent to en-
able the tire pressure measurement process for two com-
plete revolutions of the tire after power is applied. With
reference to Fig. 12A, at a vehicle speed of 10 m.p.h. the
tire pressure measurement process is enabled for 0.90
second, which is the time required for two complete rev-
olutions of the tire after the measurement process is en-
abled. Thus, with motion detector 55D, after electrical
power is transferred from battery 52 to integrated circuit
51 via the conductive path terminal 91, spring 96, mass
block 95, contact spring 92 or 93, and terminal 98, the
tire pressure measurement process is enabled for 0.90
second when the control signal on terminal 115 is inactive
or deasserted.
[0038] For a vehicle speed of 50 m.p.h., the time re-
quired for one revolution of the same tire is 0.09 second;
and two complete revolutions require 0.18 second. Thus,
the minimum time period established to obtain a reliable
measurement of Rmin and Rmax is 0.18 second. With
reference to Fig. 12B, at a vehicle speed of 50 m.p.h. the
tire pressure measurement process is enabled for 0.18
second, which is the time required for two complete rev-
olutions of the tire after the measurement process is en-
abled. Thus, with multi-stage motion detector 55D, after
electrical power is transferred from battery 52 to integrat-
ed circuit 51 via the conductive path terminal 91, spring
96, mass block 95, contact spring 92 or 93, and terminal
98; and electrical power is transferred from battery 52 to
integrated circuit 51 via the conductive path terminal 91,
spring 86, mass block 95, contact spring 112 or 113, and
terminal 115 (thereby asserting the control signal), the
tire pressure measurement process is enabled for only
0.18 second.
[0039] As will now be apparent, multi-stage motion de-
tector 55D limits power consumption during the tire pres-
sure measurement process while still allowing an accu-
rate measurement of tire pressure to be obtained. It is
understood that, although multi-stage motion detector
55D has been described with reference to the common
elements of motion detector 55A, detector 55D may be
configured using the common elements of motion detec-
tors 55B and 55C. Also, it is understood that additional
stages may be added to multi-stage motion detector 55D
to incorporate more and different speed thresholds than
the two thresholds described above. For example, an
additional set of contact springs may be installed at wider
spacings than contact springs 112, 113 shown in Fig. 11
to specify a third, higher speed threshold with a shorter

power-on time period. Further, it is understood that the
measurement periods can be based on a different
number of revolutions of the tire than the two revolution
example in the preferred embodiment, if desired.
[0040] While the preferred embodiments have been
thus-far described as a single unit for one tire, in practice
each tire of a vehicle will be equipped with a tire pressure
sensor system 50. Various encoding arrangements can
be made to uniquely identify each individual sensor, and
the warning indicator can be configured to identify the
particular tire which is improperly inflated.
[0041] As will now be apparent, embodiments of the
invention provide a simple, low cost tire pressure sensor
system which is relatively simple in construction and en-
joys higher measurement sensitivity than known systems
using a single stretch sensor. In addition, the tire pressure
sensor system can accommodate various modes of in-
stallation, such as being incorporated into the tire during
manufacture, installed on the inside wall of the tire before
mounting on the wheel, and installed on the outer side
wall of the tire after mounting on the wheel. Further, the
motion detector portion of the invention limits power con-
sumption and thus prolongs battery life. Lastly, the in-
vention provides an accurate and reliable system for
monitoring tire safety on all vehicles using pneumatic
tires.
[0042] Alternate embodiments, and equivalents may
be employed, as desired. For example, paired springs
92, 93 may be replaced with a single spring positioned
along the pivot axis of the mass block support member,
if desired. If a single spring is used, care must be taken
to orient the sensor system in the proper direction on the
tire to ensure that application of electrical power to inte-
grated circuit 51 will occur upon forward motion of the
vehicle. Also, while the embodiments have been de-
scribed with reference to the use of adhesives for attach-
ing the sensor to the tire side wall, other known tech-
niques may be used, if deemed suitable, for the purpose
of attaching the sensor to the tire side wall. Therefore,
the above should not be construed as limiting the inven-
tion, which is defined by the appended claims.

Claims

1. A tire pressure sensor system having a variable re-
sistance displacement sensor (22, 32) for providing
resistance values indicative of internal tire pressure
when coupled to a pneumatic tire; comprising a proc-
essor (51) coupled to said displacement sensor (22,
32) for converting resistance values corresponding
to inadequate internal tire pressure to r.f. generator
activation signals; and
an r.f. generator circuit for transmitting an unsafe tire
pressure warning signal when activated by said proc-
essor (51); wherein said variable resistance dis-
placement sensor comprises a variable resistance
sensor assembly (22) having a stretch sensor having
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a first flexible layer (24) containing a variable resist-
ance element and a second flexible support layer
(25);
characterised in that said variable resistance se-
nor assembly (22) has first and second individual
said stretch sensors (22a - 22d), said individual
stretch sensors (22a, 22b) being arranged with said
first flexible layer (24a) of said first stretch sensor
(22a) in facing relation with said first flexible layer
(24b) of said second stretch sensor (22b).

2. The invention of claim 1 further including an electrical
bridge circuit (20) having four branches, a first pair
of said branches having fixed resistance elements
(26) connected in series, a second pair of said
branches having said variable resistance elements
of said first and second stretch sensors (32a, 32b)
connected in series.

3. The invention of claim 1 wherein said variable resist-
ance sensor assembly further includes third and
fourth individual stretch sensors (22c, 22d), each of
said third and fourth stretch sensors having a first
flexible layer (24c, 24d) containing a variable resist-
ance element and a second flexible support layer
(25c, 25d), said third and fourth individual stretch
sensors (22c, 22d) being mutually arranged with said
second flexible support layer (25c) of said third
stretch sensor in facing relation with said second
flexible support layer (25d) of said fourth stretch sen-
sor, said first flexible layer (24d) of said third stretch
sensor (22d) being arranged in facing relation with
said second flexible support layer (25b) of said sec-
ond stretch sensor (22b).

4. The invention of claim 3 further including an electrical
bridge circuit (20) having four branches, a first one
of said branches having said variable resistance el-
ement of said first stretch sensor (22a), a second
one of said branches having said variable resistance
element of said fourth stretch sensor (22d), a third
one of said branches having said variable resistance
element of said second stretch sensor (22b), and a
fourth one of said branches having said variable re-
sistance element of said third stretch sensor (22c),
said first and second branches being connected in
series, said third and fourth branches being connect-
ed in series.

5. The invention of claim 1 wherein said processor (51),
said r.f. generator circuit, and said variable resist-
ance sensor assembly (22, 32) are mounted on a
support substrate (56, 57) having a flexible portion
underlying said variable resistance sensor assem-
bly.

Patentansprüche

1. Reifendrucksensorsystem mit einem Verschie-
bungssensor mit variablem Widerstand (22, 32) zum
Bereitstellen von Widerstandswerten, die einen in-
neren Reifendruck anzeigen, wenn er mit einem Luft-
reifen gekoppelt ist; einen Prozessor (51) umfas-
send, der mit dem Verschiebungssensor (22, 32) ge-
koppelt ist, um Widerstandswerte, die einem unan-
gemessenen inneren Reifendruck entsprechen, in
HF-Generator-Aktivierungssignale umzusetzen;
und
eine HF-Generatorschaltung umfassend zum Über-
mitteln eines Warnsignals für unsicheren Reifen-
druck, wenn sie durch den Prozessor (51) aktiviert
wird; wobei der Verschiebungssensor mit variablem
Widerstand eine Sensoranordnung mit variablem
Widerstand (22) umfasst, die einen Dehnungssen-
sor mit einer ersten flexiblen Schicht (24), die ein
veränderliches Widerstandselement enthält, und ei-
ner zweiten flexiblen Trägerschicht (25) aufweist;
dadurch gekennzeichnet, dass die Sensoranord-
nung mit veränderlichem Widerstand (22) erste und
zweite einzelne Dehnungssensoren (22a - 22d) auf-
weist, wobei die einzelnen Dehnungssensoren (22a,
22b) so angeordnet sind, dass die erste flexible
Schicht (24a) des ersten Dehnungssensors (22a)
der ersten flexiblen Schicht (24b) des zweiten Deh-
nungssensors (22b) zugewandt ist.

2. Erfindung nach Anspruch 1, die ferner eine elektri-
sche Brückenschaltung (20) enthält, die vier Zweige
aufweist, wobei ein erstes Paar der Zweige Festwi-
derstandselemente (26) aufweist, die in Reihe ver-
bunden sind, und ein zweites Paar der Zweige die
Elemente mit veränderlichem Widerstand der ersten
und zweiten Dehnungssensoren (32a, 32b) aufwei-
sen, die in Reihe verbunden sind.

3. Erfindung nach Anspruch 1, wobei die Sensoranord-
nung mit variablem Widerstand ferner dritte und vier-
te einzelne Dehnungssensoren (22c, 22d) enthält,
wobei jeder der dritten und vierten Dehnungssenso-
ren eine erste flexible Schicht (24c, 24d), die ein Ele-
ment mit veränderlichem Widerstand enthält, und ei-
ne zweite flexible Trägerschicht (25c, 25d) aufweist,
wobei die dritten und vierten einzelnen Dehnungs-
sensoren (22c, 22d) wechselseitig so angeordnet
sind, dass die zweite flexible Trägerschicht (25c) des
dritten Dehnungssensors der zweiten flexiblen Trä-
gerschicht (25d) des vierten Dehnungssensors zu-
gewandt ist und die erste flexible Schicht (25d) des
dritten Dehnungssensors (22d) der zweiten flexiblen
Trägerschicht (25d) des zweiten Dehnungssensors
(22b) zugewandt ist.

4. Erfindung nach Anspruch 3, die ferner eine elektri-
sche Brückenschaltung (20) enthält, die vier Zweige
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aufweist, wobei ein Erster der Zweige das veränder-
liche Widerstandselement des ersten Dehnungs-
sensors (22a) aufweist, ein Zweiter der Zweige das
veränderliche Widerstandselement des vierten Deh-
nungssensors (22d) aufweist, ein Dritter der Zweige
das veränderliche Widerstandselement des zweiten
Dehnungssensors (22b) aufweist, und ein Vierter
der Zweige das veränderliche Widerstandselement
des dritten Dehnungssensors (22c) aufweist, wobei
der erste und der zweite Zweig in Reihe verbunden
sind und der dritte und der vierte Zweig in Reihe ver-
bunden sind.

5. Erfindung nach Anspruch 1, wobei der Prozessor
(51), die HF-Generatorschaltung und die Sensoran-
ordnung mit veränderlichem Widerstand (22, 32) auf
einem Trägersubstrat (56, 57) montiert sind, das ei-
nen flexiblen Teil aufweist, der unter der Sensoran-
ordnung mit veränderlichem Widerstand liegt.

Revendications

1. Système de détection de la pression des pneus
ayant un capteur (22, 32) de déplacement à résis-
tance variable pour fournir des valeurs de résistance
indiquant une pression interne des pneus lorsqu’il
est couplé à un bandage pneumatique ; comprenant
un processeur (51) couplé audit capteur de dépla-
cement (22, 32) pour convertir des valeurs de résis-
tance correspondant à une pression interne inadé-
quate des pneus en signaux d’activation de généra-
teur r.f ; et
un circuit générateur r.f pour transmettre un signal
avertissant d’une pression dangereuse des pneus
lorsqu’il est activé par ledit processeur (51) ; où ledit
capteur de déplacement à résistance variable com-
prend un ensemble (22) de capteurs à résistance
variable avec un capteur d’étirement ayant une pre-
mière couche flexible (24) contenant un élément à
résistance variable et une deuxième couche de sup-
port flexible(25) ;
caractérisé en ce que ledit ensemble (22) de cap-
teurs à résistance variable possède des premier et
deuxième desdits capteurs d’étirement (22a - 22d)
individuels, lesdits capteurs d’étirement individuels
(22a, 22b) étant agencés avec ladite première cou-
che flexible (24a) dudit premier capteur d’étirement
(22a) dans une relation en vis-à-vis avec ladite pre-
mière couche flexible (24b) dudit deuxième capteur
d’étirement (22b).

2. Invention de la revendication 1, comprenant en outre
un circuit (20) à pont électrique ayant quatre bran-
ches, une première paire desdites branches ayant
des éléments (26) à résistance fixe reliés en série,
une deuxième paire desdites branches ayant lesdits
éléments à résistance variable desdits premier et

deuxième capteurs d’étirement (32a, 32b) reliés en
série.

3. Invention de la revendication 1, dans laquelle ledit
ensemble de capteurs à résistance variable compor-
te en outre des troisième et quatrième capteurs d’éti-
rement individuels (22c, 22d), chacun desdits troi-
sième et quatrième capteurs d’étirement ayant une
première couche flexible (24c, 24d) contenant un
élément à résistance variable et une deuxième cou-
che de support flexible (25c, 25d), lesdits troisième
et quatrième capteurs d’étirement individuels (22c,
22d) étant mutuellement agencés avec ladite
deuxième couche de support flexible (25c) dudit troi-
sième capteur d’étirement dans une relation en vis-
à-vis avec ladite deuxième couche de support flexi-
ble (25d) dudit quatrième capteur d’étirement, ladite
première couche flexible (24d) dudit troisième cap-
teur d’étirement (22d) étant agencée dans une rela-
tion en vis-à-vis avec ladite deuxième couche de
support flexible (25b) dudit deuxième capteur d’éti-
rement (22b).

4. Invention de la revendication 3, comportant en outre
un circuit (20) à pont électrique ayant quatre bran-
ches, une première branche desdites branches
ayant ledit élément à résistance variable dudit pre-
mier capteur d’étirement (22a), une deuxième bran-
che desdites branches ayant ledit élément à résis-
tance variable dudit quatrième capteur d’étirement
(22d), une troisième branche desdites branches
ayant ledit élément à résistance variable dudit
deuxième capteur d’étirement (22b), et une quatriè-
me branche desdites branches ayant ledit élément
à résistance variable dudit troisième capteur d’étire-
ment (22c), lesdites première et deuxième branches
étant reliées en série, lesdites troisième et quatrième
branches étant reliées en série.

5. Invention de la revendication 1, dans laquelle ledit
processeur (51), ledit circuit générateur r.f, et ledit
ensemble (22, 32) de capteurs à résistance variable
sont montés sur un substrat de soutien (56, 57) ayant
une partie flexible sous-jacente audit ensemble de
capteurs à résistance variable.
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