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TIRE MODULE AND METHOD FOR
SENSING WHEEL STATE VARIABLES
AND/OR TIRE STATE VARIABLES

contact 2 open” and “contact 1 open, contact 2 closed”. Cor
respondingly, tWo or more different signals can also be output
at the output of the sWitch.
Particularly preferably, a characteristic variable Which, is a

CROSS REFERENCE TO RELATED
APPLICATIONS

measure of the length of the tire contact area or the time
required to pass through the contact area or is a variable Which

is dependent on these variables, is determined using the accel
eration sWitch. It is therefore possible to monitor, and if
appropriate give a Warning of, the state of the tire or of the
Wheel.
According to one preferred embodiment of tire module, the

This application is the US. national phase application of
PCT International Application No. PCT/EP2007/054524,
?led May 10, 2007, Which claims priority to German Patent
Application No. DE 1020060241568, ?led May 22, 2006
and German Patent Application No. DE 1020060435052,
?led Sep. 12, 2006, the content of such applications being
incorporated by reference herein in their entirety.

tire module also comprises at least one further electronic
component, such as a sensor, an electronic evaluation system,
a transmitting and/ or receiving device, a memory, an energy
converter Which uses a change in acceleration or a deforma

tion in order to acquire electrical energy, or a battery. The
sensor is particularly preferably a pressure sensor for directly

BACKGROUND OF THE INVENTION

monitoring the tire pressure.
In one development of the tire module according to aspects
of the invention, the tire module comprises a circuit With

1. Field of the Invention
The invention relates to a tire module for sensing Wheel
state variables and/ or tire state variables and to a method for

Which the tire module and/or individual electronic compo
nents are controlled by the acceleration sWitch. Particularly
preferably, the sWitching on or activation of the tire module
and/or of individual electronic components is controlled here
by the acceleration sWitch. As a result, it possible that the tire
module is not activated by means of the acceleration sWitch
until, for example, the Wheel has reached a prede?ned veloc
ity. This can reduce the loading on a battery for supplying the
tire module When the tire is stationary or travelling sloWly.

sensing Wheel state variables and/or tire state variables.
2. Description of the Related Art
In modern motor vehicles, tire air pressure-monitoring sys
tems are being increasingly used to avoid defects or accidents
Which are due to incorrect air pressure in the tires. These
conventional systems usually include direct or indirect sens

ing of the air pressure.
HoWever, in particular for the safety and the durability of a

The acceleration sWitch preferably has one or more sWitch

tire it is not the air pressure in the tire Which is decisive but
rather the length of the tire contact area (also referred to as the
tire contact length). The (central) tire contact length of a tire
is a decisive variable for the state of the tire or of the Wheel.

ing thresholds. These can particularly preferably be selected
and/or set by means of a controller. This permits the accel
eration sWitch to be adapted to different requirements or

conditions such as, for example, the velocity.
It is also preferred that the acceleration sWitch is embodied

WO 2005/ 05631 1 A2 discloses a sensor transponder and a

method for measuring the length of the tire contact area and
the Wheel load. In one embodiment, the transponder, Which
comprises an acceleration sensor, is attached to the inside of

in such a Way that When a prede?ned velocity or acceleration
is reached it sWitches from a ?rst sWitched state into a second

sWitched state and stays in this second sWitched state until it
is reset into the ?rst sWitched state using a control signal. This

a tire, opposite the tire tread. The acceleration can be mea

sured according to a capacitive, pieZoresistive, ferroelectric,
electrodynamic or else pieZoelectric principle. The time pro

embodiment is particularly suitable for Waking up the tire
module.

?le of the acceleration is sensed by means of the acceleration
sensor and evaluated in a complex fashion in order to obtain
the tire contact length.

HoWever, it is also preferred that the acceleration sWitch is
embodied in such a Way that When a ?rst prede?ned velocity
45

SUMMARY OF THE INVENTION

or acceleration is reached it sWitches from a ?rst sWitched
state into a second sWitched state, and When a second pre
de?ned velocity or acceleration Which is equal to or different

from the ?rst prede?ned velocity or acceleration is reached, it
Taking this prior art as a starting point, the invention relates
to an improved tire module for sensing Wheel state variables
and/ or tire state variables Which is easy and cost-effective to

sWitches back from the second sWitched state into the ?rst
sWitched state. This embodiment is particularly suitable for
50

manufacture and Which does not require complex evaluation

determining the tire contact length.
In one development of the tire module according to aspects
of the invention, said tire module comprises a plurality of

of measured data.
The invention relates to the idea that the tire module com

acceleration sWitches Which are mounted in a housing or on a

prises an acceleration sWitch Which is used to sense Wheel
state variables and/or tire state variables. The acceleration

substrate or on a printed circuit board. The acceleration
sWitches are particularly preferably embodied here as an

sWitch is preferably arranged on an inner side of the tire tread.
The tire module is particularly preferably arranged on an
inner side of the tire tread.
“Acceleration sWitch” is, in a generaliZation, understood to

MEMS arrangement. A plurality of functionalities accompa
nied by the most compact design possible are therefore

be a sWitch Which can assume tWo or more discrete states

tain extent, embodied in different Ways in terms of design,

(limiting value sWitch) as a function of the acceleration. In the
simplest case, these are the tWo states “open” and “closed” in

siZe or orientation in the tire module and/or have different

achieved.
The individual acceleration sWitches are, at least to a cer

sWitching properties in order to perform different functions.
Different sWitching properties are particularly preferredi

a closing contact sWitch (“normal state” is open) or opening
contact sWitch (“normal state” is closed). HoWever, the
sWitch can also function as a changeover sWitch, ie it

different sWitching thresholds, identical or different sWitch
65

ing thresholds for opening and closing (acceleration sWitch

sWitches betWeen tWo or more contact positions; the corre

With or Without a sWitching hysteresis) or an acceleration

sponding states are then, for example, “contact 1 closed,

sWitch With or Without self latching.

US 8,626,413 B2
3
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In this context, preferably at least tWo acceleration
switches are embodied in such a Way that they respectively

limited number of discrete states. The measured data can be

read directly into a microcontroller Without previous analog/

digital conversion.

determine in a different velocity range a characteristic vari
able Which is a measure of the length of the tire contact area
or the time required to pass through the contact area. As a

These and other aspects of the invention are illustrated in
detail by Way of the embodiments and are described With

result, reliable and precise determination of the tire contact
length is achieved in different velocity ranges since the accel
eration sWitches are respectively optimiZed for a velocity

respect to the embodiments in the folloWing, making refer

range.
At least one acceleration sWitch is preferably embodied in
such a Way that When a prede?ned velocity is reached it
sWitches from a ?rst sWitched state into a second sWitched
state and stays in this second sWitched state until it is reset into
the ?rst sWitched state using a control signal. Such a sWitch

BRIEF DESCRIPTION OF THE DRAWINGS

ence to the Figures.

The invention is best understood from the folloWing
detailed description When read in connection With the accom

panying draWing. Included in the draWing are the folloWing

?gures:

With self latching is particularly preferably used to implement

FIG. 1 is a schematic illustration of a rolling tire,
FIG. 2 is a schematic pro?le of an acceleration in a tire

a Wake-up function.

According to a further preferred embodiment, the tire mod

When the tire rolls,

ule comprises at least one acceleration sWitch to activate or
sWitch on the tire module and/or individual electronic com

ponents of the tire module (Wake-up function).

FIG. 3 shoWs a ?rst embodiment of an exemplary accel

eration sWitch,
20

Furthermore, the invention relates to a method for sensing
Wheel state variables and/or tire state variables, Which method
is easy and cost-effective to carry out and does not require

FIG. 5 shoWs a second embodiment of an exemplary accel

eration sWitch,

complex evaluation of measured data.
The method relates to the idea that a characteristic variable,

FIG. 6 shoWs a third embodiment of an exemplary accel
25

Which is a measure of the length of the tire contact area or a

variable Which is associated With it, such as for example the
time required to pass through the contact area, is determined
using an acceleration sWitch.
In this context, the characteristic variable is preferably
determined in different velocity ranges by means of an accel
eration sWitch having more than one switching threshold or
by means of at least tWo acceleration sWitches having differ
ent sWitching properties. Since the sWitching thresholds of an
acceleration sWitch or the sWitching properties/thresholds of
a plurality of different acceleration sWitches are respectively
optimiZed for one velocity range, reliable and precise deter
mination of the tire contact length in different velocity ranges
is achieved.
According to one preferred embodiment of the invention,
the tire module and/or individual electronic components of

FIG. 4 shoWs a sWitching threshold of an exemplary accel

eration sWitch,

eration sWitch,
FIG. 7 shoWs a fourth embodiment of an exemplary accel

eration sWitch,
FIG. 8 shoWs a ?fth embodiment of an exemplary accel

eration sWitch,
30

FIG. 9 shoWs a sixth embodiment of an exemplary accel

eration sWitch, and
FIG. 10 shoWs an exemplary embodiment of a combination
of acceleration sWitches in a housing.
35

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the ?eld of tire sensor systems (tire pressure monitoring
systems) it is customary that (tire) modules Which are usually
40 located on the rim measure at least one of the variables com

the tire module are controlled by means of at least one accel

prising pressure, temperature or acceleration (in a unidimen
sional or multi-dimensional fashion) and usually transmit

eration sWitch. In this context it is particularly preferred that
the tire module and/or individual electronic components of

said variable to a control unit on the vehicle. In this context, a
tire module can comprise various electronic elements or elec

the tire module are sWitched on or off. It is quite particularly
preferred that the tire module is activated or sWitched on When

45

tronic components such as, for example, sensors, in particular
a pressure sensor, electronic evaluation systems, transmitting

the Wheel reaches a prede?ned velocity, Which is detected

and/or receiving devices for exchanging control signals and

using an acceleration sWitch. This can reduce the loading on

data signals, memories or energy sources for supplying the
module/the components such as, for example, an energy con

a battery for supplying the tire module When the tire is sta

tionary or travelling sloWly.

50

According to one development of the method, the charac

verter Which uses a change in acceleration in the tire or a

deformation of the tire to acquire electrical energy, or a bat

tery.

teristic variable Which is acquired is used for at least one of the

folloWing methods: for acquisition of the position of the tire

FIG. 1 is a schematic illustration of a tire 1, in particular of

on the vehicle; for a load-dependent pressure Warning; for
rolling equaliZation, in particular by means of an electronic
stability program (ESP); for detection of the Wheel load and
use of this information in other vehicle control systems; for
early detection of rollover; for detection of lifting off of a
Wheel; or for detection of the center of gravity of the vehicle.

a motor vehicle or motor cycle, Which rolls on an underlying

The position of the tire is particularly preferably acquired in

55

tact area 3. The siZe (length and Width) and the shape of the
tire contact area 3 are dependent on tire characteristic data,

the Wheel load, the tire pres sure, the driving state and the
60

the case of cornering, braking or acceleration. The character

istic variable is particularly preferably used to detect the
center of gravity of the vehicle in order, for example, to detect
haZardous load states of the vehicle (heavy roof rack).
An advantage Which is achieved With the invention is that
complex evaluation of measured data is not necessary in order
evaluate the acceleration sWitch Which can only assume a

surface 2. It is knoWn that during the rolling process an area of
?attened tire contact is produced, referred to as the tire con

velocity.
It is also knoWn to attach a tire module directly to the inner

liner of the tire and to acquire there not only, for example, the
pressure and/or temperature, but also the tire contact area 3 by
means of an acceleration sensor, and to transmit it. In this
65

context, the tire contact area 3 comprises only a small part of
the circumference of the tire so that a sensor (and its evalua

tion or sampling) Which is used to acquire the time required to

US 8,626,413 B2
5
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pass through the contact area must have a resolution in the
region of a feW ms. Previously used acceleration sensors

Acceleration a acts here on the bending beam 7. Through
the inherent mass of the beam 7 and/or through an addition

Which function, for example, capacitively or pieZoresistively
supply an analog output value and require a comparison stage

ally attached mass, a force is applied to the bending beam 7

or a (very rapid) A/D converter (analog/digital converter) in
order to detect and evaluate the tire contact length. This addi
tional stage consumes energy, Which is undesirable, and
entails additional manufacturing costs.

beam 7 is bent, and When a speci?c acceleration as is exceeded
the contact distance 8 betWeen the contact pins 9, 10 becomes
Zero, and the contact betWeen the contact pin 9 and contact pin
10 is closed. The output variable of the acceleration sWitch 6
is therefore a digital signalithe sWitch is closed When an
acceleration a Which is higher than a limiting acceleration as
is acting, and the sWitch is open When an acceleration a Which

according to the NeWtonian principle, and the said bending

The time required to pass through the contact area Was

previously determined, as mentioned above, using an accel
eration sensor Which is arranged in the tangential or radial
direction of the tire. FIG. 2 shoWs an exemplary schematic
pro?le of the acceleration a on the inner liner of the tire in the
radial direction When the tire 1 rolls as a function of the

is loWer than the limiting acceleration as is acting.

example, using a pieZoelectric acceleration sensor. If the sen
sor is outside the tire contact area 3, it experiences the veloc

FIG. 4 shoWs a possible sWitching threshold of an accel
eration sWitch. If the (radial) acceleration a is above the
sWitching threshold 12, the sWitch is closed. While the con
tact area is being passed through 13, the acceleration a on the
tire module returns to gravitational acceleration Which is

ity-dependent and radius-dependent centrifugal acceleration

beloW the sWitching threshold 12, and the sWitch opens. The

circumferential angle 4). Such a pro?le can be measured, for

asenmf. Due to changes in acceleration Which occur When the
tire contact area is entered 4 and exited 5, for example, a

acceleration a in the tire contact area is reduced to gravita
20

tional accelerationiindependently of the velocity of the

seismic mass Which is mounted so as to be capable of oscil

vehicle. The sWitch only functions at and above a speci?c

lating (test mass) is excited so as to oscillate. This movement

velocity of the vehicle, and it does this When the centrifugal
acceleration asenmf Which depends on the velocity of the

energy is converted into electrical voltage by a pieZoelectric
element. The times betWeen voltage peaks can be acquired
through suitable, complex evaluation of the measured data.

vehicle is higher than the sWitching threshold 12. If the cen
25

trifugal acceleration asenmfis beloW the sWitching threshold

The time required to pass through the contact area can be
determined from the time intervals.

12, the sWitch is continuously open.
The acceleration sWitch can be hermetically encapsulated

The information and data required in this Way, for example

using a cover Wafer (in the case of MEMS). This is illustrated,
for example, in FIG. 5, in Which the acceleration sWitch from
FIG. 5 is illustrated, a hermetic encapsulation 16 of the accel
eration sWitch With a cover Wafer 14 being implemented by
means of a bonding frame 15. If the distance betWeen an
upper stop 17 and the beam 7 is selected to be smaller than the

the time required to pass through the contact area, can then be
transmitted, as a component of a transmission protocol, by the

30

sensor Which determines the variables or the (tire) module or

an evaluation unit, for example from the tire, to the vehicle
electronic system, for example a control unit of a tire moni

toring system in the vehicle. The data canbe processed here in
the sensor or module or alternatively in the vehicle electronic

35

contact distance 8, overshooting of the beam 7 (contact
bounce) in the case of a pulse-shaped force effect (vibration,

system.

shock . . . ) is effectively suppressed since the (kinetic) energy

The tire contact length is decisive for the safety and the
durability of a tire.
The measurement of the time required to pass through the

Which is stored in the oscillation of the beam 7 is reduced by
the stop 17. A contact can also optionally be provided on the
upper stop 17 so that detection of acceleration is implemented

contact area is carried out With a sensor system Which does 40 in tWo directions.

The quality of the oscillating system can also be set by

not require additional electrical energy and nevertheless
makes available a digital output (single stage or multi-stage).

means of the vacuum in the hermetic encapsulationithe

This permits very simple evaluation Which does not require
intensive computing operations. The sensor system is in this
case an acceleration sWitch Which closes a contact When an 45

acceleration a (Which either can be set from the outside or

loWer the number of gas molecules Within the encapsulation
the higher the quality. This means conversely that With an
over pressure in the interior it is possible to reduce the quality
of the system and therefore dampen oscillation of the beam.

permanently prede?ned) is acting. The acceleration sWitch

An acceleration sWitch With a cover can also be embodied

can be constructed here either macroscopically or as an

as a changeover sWitch (exemplary embodiment Which is not
illustrated). For this purpose, in addition to a contact on the

MEMS structure (microelectromechanical system). Accel
eration-sensitive micro sWitches constitute a cost-effective

50

carrier layer (see reference number 1 0 in FIG. 3), for example,

micromechanically fabricated limiting value sWitch for

a further sWitching contact is provided on the cover or cover

acceleration. The acceleration sWitch does not require any
analog evaluation and does not need an operating voltage.

Wafer. The bending beam correspondingly has both a contact

pin in the loWer region (see reference number 9 in FIG. 3) and

The acceleration sWitch can be embodied in different

forms. For example, embodiments With a bending beam, a
diaphragm or a rolling ball are preferable, hoWever other
embodiments are also conceivable. A number of exemplary
embodiments of acceleration sWitches With bending beams
are described in the text Which folloWs.
FIG. 3 is a schematic illustration of a lateral section
through a structure of an exemplary acceleration sWitch for
use in a tire module. The acceleration sWitch 6 has a bending

a contact pin in the upper region, Which can come into contact
55

preferably closed normally, ie without acceleration acting.
This is achieved, for example, by virtue of the fact that during
60

so that the upper contact pin on the bending beam is in contact
With the sWitching contact on the cover. When acceleration

bending beam 7 is attached to a base element on Which a

through contact, are arranged.

assembly the cover is ?tted on in such a Way that as a result the

bending beam is prestressed (pressed someWhat doWnWard),

beam 7 on Whose free end a contact pin 9 is arranged. The

contact pin 10 and buffer element 11, Which limits the de?ec
tion of the bending beam 7 in the direction of the base element

With the sWitching contact on the cover by bending the bend
ing beam. The tWo contact pins on the bending beam are, for
example, conductively connected. The contact on the cover is

65

acts, the bending beam is forced doWnWard, and the contact
betWeen the upper contact pin on the bending beam and
sWitching contact on the cover opens, and the contact

betWeen the loWer contact pin on the bending beam and
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switching contact on the bottom closes. The acceleration

metric arrangement of electrodes, it can also have an attract

switch therefore switches between two positions.
A further example of an acceleration switch is illustrated in
FIG. 6. The illustrated acceleration switch corresponds essen
tially to that illustrated in FIG. 3, and in this context said
acceleration switch additionally comprises a cover 14 and
two electrodes 18, which are arranged opposite one another

ing effect (opposed polarity at the two electrodes).
A further exemplary embodiment of an acceleration switch

with self latching is illustrated in FIG. 9. The exemplary
embodiment corresponds essentially to the acceleration
switch from FIG. 5; it is simply that this example also com
prises a mechanical catch 24 which is arranged on the spe

on the bending beam 7 and on the cover 14. The bending beam

cially shaped free end of the bending beam 7", and two

7 is prestressed by the electrostatic charge between the elec
trodes 14, counter to (or else in the same shape as) the force

electrodes which are mounted opposite one another on the
mechanical catch 24 and the cover 14.

According to this exemplary embodiment, the blocking of

acting as a result of the acceleration a. In this way, the switch

ing threshold 12 of the system is shifted. The electrodes 18, by

the switch is achieved by means of a mechanical catch 24. If
the beam 7" is bent by an acceleration a, the mechanical catch
24 is bent back. The beam 7" clicks under the catch 24 and is

means of which the electrostatic force is generated, can be

shaped in any desired way (for example ?at or comb struc

ture).
In a further embodiment of the acceleration switch, said
switch has a hysteresis. This means that the switch closes at a
different acceleration level from the one at which it opens. For
example, in the case of acceleration of 30 g the contact is

closed, and it is only opened again at an acceleration of 10 g.

20

This is advantageous in order to ?lter out noise or vibrations

in the acceleration pro?le. This hysteresis can be imple
mented, for example, by means of permanent magnets 19

Further exemplary embodiments (not illustrated) of accel

which are integrated in the switch and which are arranged at

the free end of the bending beam 7' and opposite in the base
element, as is illustrated in FIG. 7. The permanent magnets 19

eration switches are also possible, for example with a mem
25

restoring force 21 of the beam 7'. The permanent magnets 19
therefore reinforce in a non-linear fashion the acceleration a
30

bounce is suppressed).
35

only when driving. On the other hand, the module should,
however, also function and transmit data during relatively
short stops (for example at a tra?ic light or a gas station). This
functionality is implemented by means of a switch with self
latching, said switch switching on when a speci?c accelera
tion is exceeded and then remaining switched on without
acceleration until the switch is actively reset. This means that
the switch also retains its value (remains switched on) even
while the contact area is being passed through 13. This switch

ment. The release of the locking means does not necessarily
have to be carried out in an electrostatic fashion. Arrange
ments on the basis of electrodynamic, pieZoelectric or other
principles are also conceivable and can be applied. The
switches can, as shown in the examples, be embodied as
normally open switches or else as normally closed switches.
A further function of an acceleration switch in a tire mod

In order to save energy and therefore to be able to give a

battery provided for supplying energy to the (tire) module
small dimensions, it is appropriate to switch on the module

brane instead of a bending beam. Likewise, the locking means
can have any conceivable mechanical or magnetic arrange

generate a magnetic attraction 20 which counteracts the

which occurs. Furthermore, the permanent magnets 19 ensure
reliable contact between the contact pins 9 and 10 (contact

therefore locked. The mechanical catch 24 is shaped in such
a way that a force is continuously applied to the beam, and the
contacts 9 and 10 of the switch therefore remain reliably
closed. The switch can become released by virtue of the fact
that the mechanical catch 24 is pulled back by an electrostatic
force. Movement of the bending beam 7" is therefore released
again. For this purpose, a corresponding voltage has to be
applied to the electrostatic electrodes 25.

ule can be a wake-up function which is implemented, for
example, by means of a wake-up circuit. In a (tire) module
which is operated by means of a battery, a large part of the

energy stored in the battery is consumed by leakage currents.
These leakage currents ?ow through all the connected ele

ments (capacitors, ICs (integrated circuits) etc.). The contact
40

area sensor/acceleration switch (and possibly an electronic

system which is connected thereto) cannot supply energy to
the tire module and “wake it up” until the contact of the
acceleration switch is closed, i.e. until the tire is rotating at a
suf?ciently large speed to close the switch (referred to as a

can also be constructed either as a MEMS or macroscopically. 45

rolling switch). This can generally be done appropriately only

The exemplary embodiment of an acceleration switch with
self latching which is illustrated in FIG. 8 is similar to the
exemplary embodiment of an acceleration switch which is
illustrated in FIG. 7. However, the acceleration switch 6'
which is illustrated in FIG. 8 also comprises two electrodes 23
which are arranged opposite one another on the bending beam

with a passive sensor system. In the text which follows, the
computing unit of the connected tire module can activate a

“self-preservation” facility of the tire module which contin
ues to supply energy to the module for a speci?c time (run
50

7' and on the buffer element 11.

In one exemplary embodiment, an acceleration switch there

fore then performs the double function of measuring the

The acceleration a acts on the seismic mass on the bending

beam 7' (inherent mass of the beam 7' and/or an additionally
attached mass). If a certain threshold acceleration as, which
can be set/prede?ned, for example, by means of the dimen

sioning of siZe, is exceeded, the contacts 9, 10 of the switch 6'
are closed. In this exemplary embodiment too, permanent
magnets 19 generate a magnetic attraction 20 which counter
acts the restoring force 21 of the beam 7'. The ?eld strength of
the magnets is selected here in such a way that the permanent
magnets 19 ensure the self latching of the switch even if

ning on). The running on is implemented, for example, with a
?eld-effect transistor which bypasses the acceleration switch.
contact area and switching on the module. In another exem

55

plary embodiment, an acceleration switch performs the func
tion of measuring the contact area, and a second acceleration

switch performs the function of switching on the module.
The structure of an exemplary acceleration switch with a

plurality of switching thresholds can be illustrated here in
60

principle as in FIG. 3 or FIG. 7, but the acceleration switch
does not have just one beam but rather a plurality of beams
which are con?gured in different ways. Depending on the

acceleration stops completely. According to the example, the

application, various (or a plurality of) beam contacts can be

contact is opened again by means of an electrostatic force 22.
For this purpose, a voltage is applied to the electrostatic
electrodes 23. The voltage can either have a repelling effect

used. Depending on the velocity range or acceleration range,
the most suitable switching threshold in an acceleration
switch with a plurality of switching thresholds can be
selected.

(same polarity at both electrodes) or, given a different geo
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The individual wheel loads can be detected and used by

However, it is also preferred for a plurality of acceleration

other systems of the vehicle, for example for automatic

switches to be mounted in one housing. The various accel
eration switches can be dimensioned differently here and

adjustment of the beam width, as a result of which sen
sors which were previously necessary for this can be

have different switching properties (hysteresis, switching
threshold, self latching). The switches can also be arranged in
different positions so that they respond to accelerations from

dispensed with. If the properties of a tire are known, the
tire contact length and the tire pressure can be used to
determine the wheel load. The wheel loads can, for

different axes and angles.
In a MEMS (microelectromechanical system), a plurality
of structures (switches etc.) can be readily provided in one
silicon die (silicon chip). The invention therefore also com
prises the combination of more than one acceleration switch
on one die (semiconductor chip).
A combination of a plurality of switches 26, 27, 28, 29 in a

example, also be used to optimiZe the brake system

(EBFD4electronic braking force distribution).
Furthermore, the spring damper effects of modern chas
sis can be set. Given known wheel loads, the chassis can
be adapted to the conditions, which means more comfort

and safety for the driver. Likewise, the steering can react
to the individual wheel loads (or the load state of the
vehicle). The comfort and handling of laden vehicle can

housing 30 is illustrated by way of example in FIG. 10. The
switch 26 is an acceleration switch with self latching, and the
acceleration switches 27, 28 and 29 have a different geomet
ric structure and therefore different switching thresholds.

The switch with self latching 26 supplies, as already
described above, the voltage to the tire module. The further
acceleration switches 27, 28, 29 determine the contact length
tire. The switches are con?gured for different acceleration
values are read out only in speci?c velocity ranges (switch 27
for low velocities, switch 28 for medium velocities, switch 29
for high velocities). For example, at low velocities a switch 27
is used which already switches at low acceleration values and

therefore be improved.
Uneven underlying surfaces can be detected and used by
other systems of the vehicle (for example chassis or

brakes).
20

Early detection of aquaplaning (or driving on slush etc.) is
made possibleiaquaplaning of a wheel is detected.
Vehicle systems can react to this and perform open-loop/

closed-loop control.
25

Use of the tire contact length signal for early detection and
avoidance of rollover (rollover protection) since immi

has a low resonance frequency. In order to ensure a high

nent lifting off of one or more of the wheels is detected.

resolution at high velocities, a switch 29 which has a high
resonance frequency is used at such velocities. Owing to the
large acceleration forces at high velocities, there is no need
30

Detection of lifting off (or imminent lifting off) of a vehicle
wheel from the carriageway.
Detection of the spatial center of gravity of the vehicle
(detection of the center of gravity) using the dynamic

for a high level of sensitivity of the switch. Generally, the
switches can be constructed as normally open switches or

change in the contact area when cornering and/ or accel

normally closed switches or changeover switches.
The acquired contact length tire or the acquired time which

erating and/or decelerating.

is required to pass through the contact area canbe used for one
or more of the following system functions:

If appropriate, the information relating to the time required
to pass through the contact area/tire contact length can be
35

Assignment of the tire modules to the individual positions

(auto-location) by “dynamic axial load distribution”.
Wheel loads which correspond to the vehicle dynamics
occur, and correspondingly different tire contact lengths
also occur, depending on the driving situation. In the
case of a right hand bend, for example, dynamic loading
of the left hand wheels (on the outside of the bend)

sensor, and the said combined information can then be used
for one of the applications described above.

Likewise, the information relating to the time required to
40

occurs. The contact area on the left hand side therefore

becomes longer and the contact area on the right hand

side becomes shorter. When, for example, braking

supplemented by or combined with information about the tire
pressure which is determined, for example, with a pressure

45

pass through the contact area/tire contact length can be used
for checking/plausibility checking of an air pressure sensor or
of a measured pressure value. Hitherto, the plausibility of the
pressure value of a pressure sensor could only be tracked with
di?iculty. If the tire contact length is also available as a second
information item, a pressure sensor with “stuck” value or a

occurs, the contact are at the front becomes larger.
Therefore, in the case of cornering or in the case of

pressure sensor which acquires a completely incorrect value

accelerations or braking, different tire contact lengths

While preferred embodiments of the invention have been
described herein, it will be understood that such embodiments

can be determined better.

occur, and these can be detected and utiliZed.

Load-dependent pressure warning becomes possible (the

50

are provided by way of example only. Numerous variations,

tire contact length becomes larger due to more weight

changes and substitutions will occur to those skilled in the art

and this means that more pressure is necessary in the

without departing from the spirit of the invention. It is

tire). Tire manufacturers recommend that different air

intended that the appended claims cover all such variations as

pressures should be set depending on the load. The divi

fall within the spirit and scope of the invention.
The invention claimed is:
1. A method for sensing wheel state variables, tire state

sion hitherto into two or three stages (empty, partially

55

laden, fully laden) is usually implemented. Here, an
intelligent model can be applied which, for example,

variables or both wheel state variable and tire state variables,

additionally takes into account the distance traveled or

wherein a characteristic variable, which is a measure of a

the velocity of the vehicle (a pressure warning is given
when there is a high load and the air pressure is not

60

su?icient for said load, for example only after a speci?c

comprising a base element, a cantilevered beam extending
above the base element, a ?rst contact provided on the base
element, and a second contact provided on the cantilevered
beam a predetermined distance above the ?rst contact,

distance or at or above a speci?c velocity).

Rolling movements can be detected and suppressed by
communication with the ESP control unit (electronic
stability program). If a vehicle rolls, the dynamic wheel
loads change. This can be detected by measuring the tire
contact length and can be used for other systems.

length of a tire contact area or a time required to pass through
the contact area, is determined using an acceleration switch

65

wherein when the acceleration switch experiences a prede
termined acceleration, the cantilevered beam bends such that
the second contact touches the ?rst contact.
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2. The method as claimed in claim 1, wherein the charac

11. The tire module as claimed in claim 10, Wherein each

teristic variable is determined in different velocity ranges by

acceleration sWitch is embodied as a MEMS arrangement.

means of an acceleration switch having more than one sWitch

12. The tire module as claimed in claim 10, Wherein the

ing threshold or by means of at least tWo acceleration

individual acceleration sWitches are different.

sWitches having different sWitching properties.

13. The tire module as claimed in claim 12, Wherein the
individual acceleration sWitches have a different design, a

3. The method as claimed in claim 2, Wherein the at least

tWo acceleration sWitches having different sWitching thresh

different siZe, a different orientation in the tire module, dif

olds.
4. The method as claimed in claim 1, Wherein the tire
module, individual electronic components of the tire module
or both the tire module and individual electronic components,

ferent sWitching properties in order to perform different func

are controlled by means of at least one acceleration sWitch.

tions, or any combination thereof.
14. The tire module as claimed in claim 12, Wherein at least
tWo acceleration sWitches respectively determine, in a differ

5. The method as claimed in claim 1, Wherein the charac
teristic variable is used for at least one of the folloWing steps:
acquisition of a position of the tire of a vehicle,

ent velocity range, a characteristic variable Which is a mea
sure of a length of a tire contact area or a time required to pass
through the contact area.

load-dependent pres sure Warning,

15. The tire module as claimed in claim 10, Wherein at least
one acceleration sWitch is embodied in such a Way that When
a prede?ned velocity is reached the at least one acceleration
sWitch sWitches from a ?rst sWitched state to a second

rolling equalization,
detection of a Wheel load and use of the Wheel load infor

mation in other vehicle control systems,

early detection of rollover,
detection of lifting off of a Wheel, or
detection of a center of gravity of the vehicle.
6. The method as claimed in claim 5, Wherein the charac

teristic variable is used for acquiring the position of the tire of
the vehicle, and Wherein the position of the tire of the vehicle
is acquired during cornering, braking or acceleration of the
vehicle.

20

state using a control signal.

25

7. The method as claimed in claim 5, Wherein the charac

teristic variable is used for rolling equaliZation, and Wherein
the rolling equaliZation step is performed by an electronic

stability program (ESP).
8. The method as claimed in claim 5, Wherein the charac

deformation in order to acquire electrical energy, and (v) a

teristic variable is used for the detection of the Wheel load and

transmitting device or a receiving device or both a transmit

ting device and a receiving device.
18. The tire module as claimed in claim 17, Wherein the at
35

a tire contact area or a time required to pass through the

contact area, the acceleration sWitch comprising a base ele

ment, a cantilevered beam extending above the base element,

40

a ?rst contact provided on the base element, and a second
contact provided on the cantilevered beam a predetermined

distance above the ?rst contact, Wherein When the accelera

tion sWitch experiences a predetermined acceleration, the
cantilevered beam bends such that the second contact touches
the ?rst contact.
10. The tire module as claimed in claim 9, Wherein said tire

module comprises a plurality of acceleration sWitches Which
are mounted in a housing, on a substrate or on a printed circuit

board.

16. The tire module as claimed in claim 10, Wherein at least
one acceleration sWitch is used to activate the tire module,
individual electronic components of the tire module, or both
the tire module and the individual electronic components.
17. The tire module as claimed in claim 9, Wherein said tire
module further comprises: (i) at least one sensor, (ii) an elec
tronic evaluation system, (iii) a memory, (iv) a battery or an

30 energy converter Which uses a change in acceleration or a

use of the Wheel load information in the other vehicle control
system, and Wherein said other vehicle control system is a

system for adjusting a beam Width.
9. A tire module comprising at least one acceleration
sWitch, the acceleration sWitchusable to determine a length of

sWitched state and stays in the second sWitched state until the
at least one acceleration sWitch is reset into the ?rst sWitched
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least one sensor is a pressure sensor.

19. The tire module as claimed in claim 9, Wherein said tire
module comprises a circuit With Which the tire module, indi
vidual electronic components or both the tire module and
individual electronic components are controlled by the accel
eration sWitch.
20. The tire module as claimed in claim 19, Wherein acti
vation of the tire module, individual electronic components or
both the tire module and individual electronic components is
controlled by the acceleration sWitch.
21. The tire module as claimed in claim 9, Wherein the
acceleration sWitch has one or more sWitching thresholds

Which can be selected by a controller, set by the controller or

both selected and set by the controller.
*
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