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(57) Abstract:  The present invention
relates to a tyrewarmer (1 ), in particular
for tyres to be used in motor-cycling and
motor-racing, which comprises a body
(11 ) wrappable to the wheel (12), at the
tyre (13), and seating a resistor (14) for
heating the tyre (13). Such resistor (14) is
connected to electrical supply means (15)
actuable by a control device (16) connected
to a temperature sensor (17) associable to
the tread of the tyre (13). Moreover, the
tyrewarmer (10) comprises a regulating
device (18) of the pressure of gas contained
by the tyre (13).
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DESCRIPTION
"Tyrewarmer, in particular for tyres to be used in motor-cycling and motor-
racing”

[0001] Field of application

[0002] The present finding relates to a tyrewarmer, in particular for tyres to be
used in motor-cycling and motor-racing.

[0003] Prior art

[0004] Devices for warming tyres known as tyrewarmers are currently known.
[0005] Such devices are provided with a body that may be wrapped up on the tyre
provided with a resistor suitable for warming it and with a temperature sensor
generally applied to the tread.

[0006] The temperature sensor is usually connected to a switch that cuts or
enables the electrical supply of the resistor respectively upon reaching an upper
limit or a lower limit by the temperature detected by the sensor.

[0007] So, once the tyrewarmer is activated, the temperature of the tyre it is
wrapped to, detected by the sensor, is brought and kept between such upper and
lower limits.

[0008] A tyrewarmer activity indicator indicates to the user whether the
temperature detected has reached or not the range comprised within the preset
limits, that is, if the tyre is ready for use or not.

[0009] A disadvantage of such device consists in the fact that the temperature
detected by the sensor, since this is generally applied to the tread, is substantially
the temperature at which the outer tyre surface is, whereas the temperature of the
inner tyre face, that of the gas contained thereby and that of the support rim

thereof, may be different.
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[0010] Particularly if a tyre is used during a race while its temperature is not even,
exhibiting instead a gradient along the tyre thickness, the performance as well as
the life of the latter are impaired, to the disadvantage of the vehicle performance
and the driver's safety.

[0011] In the field of motor-cycling and motor-racing, in particular, the need for a
tyrewarmer is therefore felt, which should be capable of indicating to the user
when the entire thickness of the tyre reaches the preset temperature.

[0012] Disclosure of the invention

[0013] The purpose of the present invention therefore is to eliminate the
disadvantages. of the prior art mentioned above by providing a tyrewarmer, in
particular for tyres to be used in motor-cycling and motor-racing, which should
allow checking when the entire thickness of the tyre reaches the preset
temperature.

[0014] Within such purpose, a further object of the invention is to provide a
tyrewarmer which should allow setting and controlling the pressure of the gas
contained by the tyre.

[0015] Within such purpose, a further object of the finding is to provide a
tyrewarmer which should allow setting and maintaining the pressure of the gas
contained by the tyre.

[0016] Another object of the invention is to propose a tyrewarmer structurally
simple and easy to use, which may be manufactured at low cost.

[0017] Brief description of the drawings

[0018] The technical features of the invention, according to the above objects, are
clearly found in the contents of the claims below and the advantages of the same

will appear more clearly from the following detailed description, made with
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reference to the annexed drawings, which show one or more purely exemplifying
and non-limiting embodiments thereof, wherein:

- figure 1 shows a perspective view of a tyrewarmer according to a preferred
embodiment of the invention;

- figure 2 shows a diagram of the tyrewarmer illustrated in Figure 1;

- figure 3 shows a logical flow diagram relating to the operation of the
tyrewarmer according to a first particular embodiment of the invention;

- figure 4 shows a simplified graph of the temporal course of temperature and
pressure inside the tyre during the use of a tyrewarmer according to the invention,
in accordance with the particular embodiment illustrated in the diagram of figure 3;
- figure 5 shows a logical flow diagram relating to the operation of the
tyrewarmer according to a second particular embodiment of the invention;

- figure 6 shows a simplified graph of the temporal course of temperature and
pressure inside the tyre during the use of a tyrewarmer according to the invention,
in accordance with the particular embodiment illustrated in the diagram of figure 5;
- figure 7 shows a logical flow diagram relating to the operation of the
tyrewarmer according to a third particular embodiment of the invention;

- figure 8 shows a simpliﬁed diagram of the temporal course of temperature
and pressure inside the tyre during the use of a tyrewarmer according to the
invention, in accordance with the particular embodiment illustrated in the diagram
of figure 7;

- figures 9 and 10 show two graphs relating to two different ways of warming
the tyre using the tyrewarmer according to the invention; and

- figure 11 shows a graph relating to the pressure course during a tyre

deflation process.
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[0019] Detailed description

[0020] With reference to the above figures, reference numeral 10 globally
indicates a tyrewarmer, in particular for tyres to be used in motor-cyéling and
motor-racing, according to the invention.

[0021] According to a general solution of the invention, tyrewarmer 10 comprises
a body 11, wrappable around wheel 12 at tyre 13. In turn, body 11 seats a resistor
14 for warming tyre 13 connected to power supply means 15.

[0022] Preferably, body 11 comprises a heating panel, an insulating layer and an
external cover, overlapped to one another.

[0023] More in detail, the heating panel has a sandwich structure, with a first layer
and a second layer enclosing a core. The first layer, intended for contacting the
tyre, is composed of a fire retardant, non-sticking, abrasion-proof material and is
provided with high capacity of diffusion of the temperature. This first layer may be
made, for example, using a metal fibre and polyester and/or polyamide (nylon)
fibre fabric. The central layer (core) defines the resistor and is preferably, but not
necessarily, composed of one or more filaments of carbon fibres covered with a
thermo-conductive silicone layer. The resistor may also be made of other
materials, for example one or more copper or constantan wires covered with
Teflon. Filaments and wires are arranged so as to cover all the surface intended
for resting on the tread so as to have an even distribution of the temperature‘
during heating. The second layer serves as support for the resistor and is made of
a fire retardant non-woven fabric (for example felt) that also serves as insulator.
[0024] The insulating layer is made of a single layer, for example felt, whereas the
outer covering layer is made of a fabric or a non-woven fabric, preferably

plasticized (polyurethane or PVC) or subject to other oil-water repellent
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treatments.

[0025] The electrical supply means 15 are actuable by a control device 16
connected to a temperature sensor 17 associable to wheel 12 for detecting the
tyre temperature.

[0026] According to a first embodiment of the invention, illustrated in Figures 1
and 2, the temperature sensor 17 is of the type associable to the tread of tyre 13.
[0027] More in detail, sensor 17 is arranged within tyrewarmer 10 so that with the
tyrewarmer mounted on the wheel, the sensor has its sensitive portion in contact,
either direct or indirect, with the tread and can thus detect the surface temperature
of the tyre itself.

[0028] The solution described above, simple to make and immediately applicable
on the field, allows detecting only the surface temperature of the tyre tread.

[0029] According to a second emquiment of the invention, not illustrated in the
annexed figures, the temperature sensor is of the type to be buried in tyre 13.
[0030] This solution allows having a more reliable estimate of the inside
temperature of the tyre wall. However, its adoption requires a series of operating
difficulties since it is necessary to involve the tyre manufacturer.

[0031] According to a third embodiment of the invention, not illustrated in the
annexed figures, the temperature sensor is of the type associable to the rim of
wheel 12.

[0032] More in detail, the sensor is attached to the rim in such position as to allow
detecting the temperature of the set given by tyre, inflation gas and rim and thus,
the temperature of the tyre inflation gas.

[0033] This solution is operatively easy to apply but requires a more complex data

processing to estimate the tyre temperature.
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[0034] According to a peculiar aspect of the invention, the tyrewarmer may
comprise a regulating device 18 of the pressure of gas contained in tyre 13.

[0035] Advantageously, the regulating device 18 of the gas pressure in turn
comprises a device for detecting the pressure of gas contained by tyre 13.

[0036] As will be explained in detail hereinafter, knowing the inflation pressure
value P of the tyre allows estimating temperature T of the tyre inflation gas and
thus, indirectly, the inner temperature of the wall of the tyre itself.

[0037] More in detail, taken the tyre deformability as negligible (at least within the
limits of a standard use of the tyre) and therefore the inner tyre volume as
constant, the gas behaviour inside the tyre may be considered as described by
isochor transformations.

[0038] Taking an ideal behaviour of the gas, according to the second law of Gay-
Lussac it is thus possible to consider the ratio P/T between pressure and
temperature inside the tyre as constant. Therefore, as the gas temperature T
increases, also the inside pressure P of the tyre increases in a directly proportional
manner.

[0039] As a consequence, measuring the pressure variations P over time it is
possible to obtain an estimate of the variation of the gas temperature T and thus
of the variation of the tyre inner surface temperature.

[0040] Disclosing what will be described in detail hereinafter, starting from the
assumption made on the gas behaviour inside the tyre, the tyrewarmer according
to the invention is preferably used assuming that following the heating action of
the resistors, the tyre has reached even temperature conditions through all the
wall thickness when a bressure gradient over time (hereinafter indicated as GP)

close to zero is detected.
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[0041] Advantageously the control device 16 of tyrewarmer 10 is thus set for
actuating the electrical supply means 15 according to the pressure gradient over
time GP detected inside tyre 13.

[0042] in particular, the control device 16 is set for considering a pressure
gradient over time GP close to zero come as indicator of absence of thermal
gradient in the tyre wall thickness.

[0043] According to a preferred embodiment of the invenﬁon, the pressure
gradient over time GP is considered substantially close to zero when it is below
0.1 mbar/s, and even more preferably when it is below 0.040 mbar/s. Operatively,
a threshold or limit value is set (hereinafter indicated as GPL) comprised within the
range between about 0.035 mbar/s and about 0.040 mbar/s, preferably setting it
equal to 0.037 mbar/s.

(0044] According to a preferred embodiment of the invention, illustrated in Figures
1 and 2, the pressure sensor 19 is connected to an external pressure chamber 20
connected to the tyre inflation valve.

[0045] More in detail, the pressure regulating device 18 comprises:

[0046] — a pressure chamber 20, connected to wheel 12 and suitable for receiving
a portion of the gas contained therein;

[0047] — a device for detecting the pressure of the gas contained by said tyre,
suitably consisting of a pressure sensor 19 (in se known), connected to the
pressure chamber 20 for detecting the pressure of gas contained therein: and
[0048] — a deflation electrovalve 21, for example a solenoid valve, connected to
the pressure chamber 20 for ejecting the gas contained therein on a command.
[0049] Operatively, as illustrated in Figure 2, the regulating device 18 is connected

to the control device 16 by the pressure sensor 19 and by electrovalve 21
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respectively for detecting and regulating the pressure of the gas contained in the
pressure chamber 20.

[0050] As an alternative to the preferred solution described above, the pressure
sensor may be connected directly to the inner chamber of the tyre so as to directly
detec;t the inflation pressure, while the deflation electrovalve continues to be
connected to the above pressure chamber.

[0051] More in detail, the pressure sensor may be of the type to be buried in the
tyre structure or it may be attached to the wheel rim in such position as to allow
detecting the tyre inflation gas pressure.

[0052] Preferably, in this case, the pressure regulating device comprises:

[0053] — a pressure chamber 20, connected to wheel 12 and suitable for receiving
a portion of the gas contained therein;

[0054] — a device for detecting the pressure of the gas contained by the tyre,
suitably consisting of a pressure sensor 19 (in se known), directly connected to the
tyre inner chamber; and

[0055] — a deflation electrovalve 21, for example a solenoid valve, connected to
the pressure chamber 20 for ejecting the gas contained therein on a command.
[0056] Operatively, the detection device is connected to the control device by the
pressure sensor 19 for detecting the pressure of the gas contained in the tyre and
by electrovalve 21 for regulating the pressure of the gas contained in the outer
chamber 20.

[0057] Operatively, the temperature and pressure sensors must transmit the data
detected to the control device.

[0058] Preferably, if sensors (pressure and/or temperature) are adopted, arranged

externally to the wheel (i.e. not attached thereto), the connection with the control
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device is obtained by conductor wires. It is the case of a temperature sensor
associable to the tread and of a pressure sensor connected to an external
pressure chamber.

[0059] Preferably, if sensors (pressure and/or temperature) are adopted, arranged
internally to the wheel (i.e. attached thereto), the connection with the control
device is obtained by radio waves (wireless). It is the case of a temperature or
pressure sensor to be buried in the tyre or attached to the rim.

[0060] More in detail, wircless connections may be selected among all those
available, according to the communication protocols, such as: Rfid with active
tags; transponder; Wi.Fi.; WiMAX; Bluetooth; and ZigBee.

[0061] Advantageously, the wireless connection may be adopted also with
sensors arranged externally to the wheel, as an alternative to the conductor wires.
[0062] Preferably, the control device 16 comprises:

[0063] — a setting device 22, controllable by the user, for the inflation pressure
and the heating temperature of tyre 13, of in se known type, such as an electronic
circuit provided with button controls;

[0064] — a preselection device 23 for the heating speed of tyre 13, of in se known
type, such as an electronic circuit provided with button controls;

[0065] — on/off means 24 of tyrewarmer 10, of in se known type, such as an
electrical supply switch or an electronic circuit provided with button controls; and
[0066] - electronic means 25 for signalling the operating conditions of tyrewarmer
10, of in se known type and suitably comprising a screen for displaying
temperature T detected by the temperature sensor 17, pressure P detected by the
pressure sensor 19, heating temperature T* and inflation pressure P* or Pf set for

tyre 13, by the setting means 24.
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[0067] Herein and in the following description, the expression “heating
temperature” (indicated with T*) means the final temperature whereat the tyre is
thermostated thanks to the regulation of the resistor supply. Operatively, the value
of T* is selected by the user based for example on the type of tyre, on the specific
tyre manufacturer instructions, on the features of the track and on the
environmental conditions (ambient temperature, track temperature, humidity, etc.).
[0068] The expression “cold temperature” (indicated with Tf) means the
temperature whereat the tyre is prior to heating.

[0069] The expression “hot (inflation) pressure” (indicated with P*) means the final
inner pressure of the tyre, that is, at the end of the heating. Operatively, the valﬁe
of P* is selected by the user based for example on the type of tyre, on the specific
tyre manufacturer instructions, on the features of the track and on the
environmental conditions (ambient temperature, track temperature, humidity, etc.).
[0070] The expression “cold (inflation) pressure” (indicated with Pf) means the
inner pressure of the tyre, before the heating begins.

[0071] Operatively, as will be explained hereinafter, according to some particular
uses of tyrewarmer 10, cold pressure Pf should be such as to allow reaching the
hot pressure P*, based on the heating degree (T* - Tf) to be imposed to the tyre.
[0072] The tyre is considered to be ready for use when temperature T is equal to
T* in all the thickness of the wall of the tyre itself and the inner pressure is equal to
P*. Choosing correct tyre inflation pressures and temperatures is fundamental for
allowing using the tyre at the maximum performance in terms of grip, life and
safety.

[0073] Preferably, resistor 14 inserted in the wrappable body 11 of the tyrewarmer

is sized for allowing a suitable warming of the tyre, that is, such as to allow
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reaching temperatures up to 150 °C but without burning the tread rubber.

[0074] Advantageously, the control device 16, processing the data transmitted by
the temperature sensor, can act on the resistor supply means so as to control the
tyre warming process.

[0075] A first regulating mode that may be adopted is ON/OFF type.

[0076] More in detail, the control device is provided with a switch or relay that
connects or disconnects the resistor to/from the power supply. The graph of figure
9 shows an example of the typical course of the temperature detected by the
temperature sensor with an ON/OFF control. In the specific example Tf is set
equal fo 20°C and T* to 80°C. Tmax (150 °C) indicates the maximum temperature
the tyre would reach if there was no thermoregulation.

[0077] The dashed line shows the theoretical course of the temperature without
thermoregulation, while the uninterrupted line curve shows the real course of the
tyre tread temperature in the presence of thermoregulation.

[0078] The control device provides supply to the resistor at time tON. The
temperature starts to increase. When the temperature detected by the sensor
reaches the value T* the control device interrupts the supply. By thermal inertia
the temperature continues to increase beyond the T* value and then drops below
T*, a condition where the control device restarts the resistor power supply. The
temperature continues to oscillate around the value of T* with increasingly smaller
rénges.

[0079] In particular situations it may be necessary to slow down the tyre warming
process.

[0080] Advantageously, the control device can act on the warming speed

assessing the temperature increase over time and comparing it with predefined
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values. If such values are exceeded, the power supply to the resistor is interrupted
by a predefined time. In this case, the temperature course is shown, by way of an
example, by the uninterrupted line of the graph of figure 10.

[0081] Different warming modes (programs), preset or programmable by the user
as desired, may be provided. For example, a quick warming mode may have 4 °C/
min as predefined limit, a medium mode a limit of 2 °C/ min, and a slow mode a
limit of 1 °C/ min. Such values may vary according to the features of the tyre
and/or to the environmental conditions.

[0082] As an alternative to the ON/OFF regulating mode it is possible to provide
for a regulating mode of the mean value of the resistor supply voltage.

[0083] More in detail, this control mode provides for the electronic regulation of
the mean value of the resistor supply voltage. In this case it is possible to control
the tyrewarmer power so as to obtain the desired temperature courses. The
electronic power supply regulation may take place, for example, by phase choking,
with an inverter or a variable voltage power supply.

[0084] Advantageously, the tyrewarmer according to the invention and the relative
control device can operate in various manners according to the software program
implemented and activated on the basis of the user requirements.

[0085] Three different alternative operating modes of tyrewarmer 10 according to
the invention shall now be described.

[0086] As already mentioned before, the factors that affect the result of the tyre
preparation (preheating before the use on track) are cold temperature Tf, which
presumably matches the ambient temperature, and the quantity of air contained in
the tyre (that is, the cold pressure Pf) when the warming cycle starts.

[0087] According to a first operating mode, the tyre is warmed keeping the inner
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tyre pressure constant to a preselected value of hot pressure P*.

[0088] More in detail, once body 11 of tyrewarmer 10 has been wrapped around
tyre 13 of wheel 12, the user by setting means 22 of the control device, sets the
temperature value T* at which the tyrewarmer should warm tyre 13. Likewise, the
user sets the pressure value P* at which the tyrewarmer should keep tyre 13.
[0089] Moreover, by the preselection device 23, the user sets a preselected
warming speed of tyre 13.

[0090] By the on/off means 24 the user activates the tyrewarmer.

[0091] The control device 16 then detects, by the pressure sensor 19, the value of
pressure P of the gas contained in the pressure chamber 20, and thus indirectly,
the pressure of the gas contained by tyre 13.

[0092] If P>P* the control device 16 actuated electrovalve 21 allowing the
ejection of a part of the gas contained in the pressure chamber 20 and by tyre 13;
the control device 16 is suitably programmable for keeping the valve open for
predefined times based on the difference between values P and P* (as will be
specified hereinafter).

[0093] Otherwise, if it is not P>P*(that is, P<P*), and if T<T*, then the control
device 16 actuates the electrical supply means 15 of resistor 14 which warms up
and warms tyre 13.

[0094] If neither P>P* or T<T*, then the control device 16 assesses whether the
temporal gradient of the pressure detected by the pressure sensor 19, indicated
with GP, is greater than as predefined value GPL.

[0095] In that case, that is if GP>GPL, the control device continues warming tyre
13, by the supply means 15, as well as the checks on the pressure value P.

[0096] Otherwise, that is if GP<GPL, the control device interrupts the warming of
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tyre 13 and by the signalling means 25 indicates to the user that the warming of
tyre 13 is completed and that the tyre is ready for us'e. If the tyre is not used
immediately, the control device continues to actuate the resistors for thermostating
the system to the temperature T* set.

[0097] In that case, in fact, the pressure detected by the pressure sensor 19 is
substantially constant. This indicates a substantially constant temperature of the
gas contained by tyre 13, that is, absence of warming of such gas, and thus that
tyre 13 exhibits a temperature substantially even by all of the thickness thereof.
[0098] The logical diagram at the basis of the above first operating mode is shown
in Figure 3.

(00991 More in detail, following the diagram of Figure 3, the user sets temperature
T* at which the tyre must be warmed and the pressure P* that the gas contained
into the same must have at the end of the heating.

[00100] First, the pressure value transmitted by the sensor is determined and
if it is higher than P*, the deflation electrovalve is actuated (according to specific
modes described hereinafter) until the value of P is below or equal to P*.

[00101] At this point, the value of temperature T is determined and if it is less
than the desired value T, the resistor supply is activated.

[00102] The program continues to repeat the previous points until the
temperature value reaches T*, a condition that implies the disconnection of the
resistor from the power supply.

[00103] During the warming, the pressure rises proportionally to the
temperature increase.

[00104] Each time the temperature T reaches value T* and the supply to the

resistors is interrupted, the temporal gradient GP of pressure is determined.
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[00105] If the pressure gradient detected GP is higher than a preset limit
value GPL it means that there is still a temperature gradient between the tyre
tread and the support rim, that is, that the “tyre + gas + rim” system is not
thermally steady yet. In this case, the program repeats all the previous points
(assessment and regulation of pressure and temperature) continuing to provide
heat to the wheel.
[00106] If the pressure gradient detected GP is less or equal to GPL it means
that the system is at steady condition and thus the wheel is ready for use.
[00107] If the tyre is not used immediately, the tyrewarmer continues to
thermostat the system to the temperature value T* set.
[00108] The graph of Figure 4 shows the overlapped time courses of
pressure P and temperature T during the use of the tyrewarmer according to the
above first operating mode. The numerical values indicated are purely by way of
an example.
[00109] More in detail, it has been assumed that at first the tyre has an initial
cold pressure Pf equal to 3 bar. The activation of the tyrewarmer takes place at
. the time indicated with tSTART. Before activating the supply of the resistor that
takes place at the time indicated with tON, according to predefined modes
described below, the tyre is deflated and brought to the hot pressure value set
P*=2Bar. If pressure P is below P* the system will give an error signal and the tyre
shall have to be inflated.
[00110] Once the cold pressure has been brought to the value of P*, at time
tON the resistor starts transferring heat to the tread of the tyre and the
temperature begins to slowly rise. When the temperature reaches the value

T*=80°C the thermostating begins.
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[00111] The system is characterised by an appreciable thermal inertia. As a
consequence, while the resistor is disconnected from the supply, the temperature
continues to rise beyond the value T* (over-elongation) for some moments more to
then drop by the effect of cooling. The resistor is supplied again when the
temperature drops below T*. A hysteresis of few °C around T* is thus noted, which
décreases as time passes and the system approaches the operating conditions.

[00112] The contribution of heat causes the gradual heating of the gas
contained in the tyre, causing a progressive increase of pressure P. The control
device detects the instant value of pressure at regular intervals and records the
variations, that is gradient GP. It is noted that the deflation is actuated periodically

to keep the pressure value to value P*. As the system approaches the operating

conditions, the pressure tends to oscillate increasingly less until the GP is less

than GPL, a condition that determines the completion of the tyre preparation.
[00113] According to a second operating mode, the tyre is warmed letting the
inner tyre pressure P vary according to the course imposed by the tyre warming.
[00114] Unlike the first operating mode, the pressure regulation is carried out
only at the beginning of the process, before starting the warming. Basing on
his/her experience, the user must set a cold pressure value Pf such that at the end
of the warming process (T* - Tf), with thermally steady system, the final hot
pressure actually is the desired one P* or at most slightly higher for optionally
allowing manual adjustment.

[00115] The logical diagram at the basis of this second operating mode is
shown in Figure 5, while the graph of Figure 6 shows the overlapped time courses
of pressure and temperature during the use of the tyrewarmer. The numerical

values indicated are purely by way of an example.
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[00116] In the example described by the diagram of figure 6, a value of 80°C
has been set for T* and a value of 1.7 bar for P*. It has been assumed to detect a
cold temperature Tf equal to 20°C. A warming from 20°C to 80°C thus being
established, assuming an isochor transformation ( P=Po (1 + aT), with o=
1/273,15 [°C]™, expansion coefficient of perfect gases, Po pressure at T=0°C), the
cold pressure must be equal to about 0.83 bar. The Pf is set to about 1 bar for
precaution reasons.

[00117] According to a third operating mode, similar to the second operating
mode, the tyre is warmed letting the inner tyre pressure P vary according to the
course imposed by the tyre warming.

[00118] In this case, the control device is programmed so that it automatically
proceeds to the calculation of cold pressure, based on the detected value of cold
temperature Tf and on the values set by the user for pressure P* and temperature
T

[00119] The logical diagram at the basis of this third operating mode is
shown in Figure 7, while the graph of Figure 9 shows the overlapped time courses
of pressure and temperature during the use of the tyrewarmer. The numerical
values indicated are purely by way of an example.

[00120] More in detail, following the diagram of Figure 7, the user sets the
hot temperature T* and the hot pressure P*. The control device calculates the
value of cold pressure Pf based on the values set P* and T* and on the cold
temperature value Tf detected by the temperature sensor.

[00121] First, the pressure value P transmitted by the sensor is determined
and if it is higher than Pf, the deflation electrovalve is actuated (according to

specific modes described hereinafter) until the value of P is equal to P*. If P is less
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than Pf the device signals an error and the tyre must be inflated.

[00122] When pressure P is equal to Pf, the value of temperature T is
determined and, if it is less than the desired value T* the resistor supply is
activated. The program continues to control the temperature and to continue
warming until the temperature T detected is equal or higher than T*.

[00123] Each time the temperature T reaches or exceeds value T* the
electrical supply to the resistors is interrupted, the temporal gradient GP of
pressure is determined.

[00124) If the pressure gradient detected GP is higher than a preset limit
value GPL it means that there is still a temperature gradient between the tyre
tread and the support rim, that is, that the “tyre + gas + rim” system is not
thermally steady yet. In this case, the program checks the temperature T again.
[00125] Interrupting the heating allows the temperature to drop. The control
cycle of T and of GP is repeated until T is less than T* again. The electrical supply
to the resistors is then reactivated and the warming is resumed.

[00126] If the pressure gradient detected GP is less or equal to GPL it means
that the system is at steady condition.

[00127] At this point the system checks the inner pressure P value,
comparing it to the set value of hot pressure P*.

[00128] If P is higher than P* the deflation electrovalve is actuated
(a.ccording to specific methods described hereinafter) until the value of P is equal
to P*.

[00129] At this point, the control device signals that the wheel is ready for
use. If the tyre is not used immediately, the tyrewarmer continues to thermostat

the system to the temperature value T* set.
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[00130] As already mentioned before, the cold pressure value Pf is calculated
with a certain margin so as to ensure in any case that the desired hot pressure P*
is reached (and possibly exceeded) at the end of the heating. When the pressure
gradient GP drops below the preset value GPL, the heating can be deemed as
completed and the preparation of the tyre ends with the final deflation to the value
P* (if this is required).

[00131] To avoid variability of racing tyre performance, it is essential to
prepare the tyre in repeatable conditions suitably managing the heating based on
pressure P* and on hot temperature T*. From this point of view it is preferable to
use tyrewarmer 10 according to the invention following the second and third
operating mode.

[0013‘2] As already mentioned before, the tyre deflation by electrovalve may
be carried out (both initially, to bring pressure to Pf, and at the end to reach the
hot pressure P*) in various manners, which differ by speed and accuracy of the
operation and are affected by the pressure sensor position.

[00133] If the pressure sensor is mounted connected to the pressure
chamber 20 of the pressure regulating device, where there is also the deflation
electrovalve, there occurs the inconvenience that when the electrovalve is
actuated for bleeding the gas and thus acts opening a channel towards the
exterior, the chamber pressure value drops to the ambient pressure value for all
the time the electrovalve remains open; In these moments, therefore, it is not
pqssible to obtain a readout of the pressure value of the tyre from the sensor.
[00134] To deflate the tyre from an initial value PO to a final value P1 (Pf or
P*) it is therefore necessary to proceed gradually, actuating the electrovalve by a

predetermined time range and checking at each operation the value taken by the
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pressure after the partial deflation.

[00135] The electrovalve opening times substantially depend on the following
parameters: inner tyre volume; inner pressure; electrovalve bleeding flow.

[00136] On the contrary, when the pressure sensor is positioned inside the
tyre, a continuous reading of the pressure can be obtained even when the
electrovalve is actuated. In this case, therefore, the deflation is an operation more
easily controllable by the control device.

[00137] Advantageously, in particular in the case of pressure sensor
connected to an external pressure chamber, two different deflation modes may be
adopted: at predefined values and adaptive.

[00138] More in detail, defining AP as the difference between initial pressure
PO and final pressure P1 (AP=P0-P1) the mode at predefined values envisages
that for different ranges of the AP value, different opening times are defined for
the electrovalve. The higher the AP value, the higher the opening time. The table

below shows some exemplifying values:

Electrovalve opening
Value of AP [Bar] time [s]
AP 22 5
2>AP =1 2
1>AP =205 1
0.5>AP=20.1 0.5
0.1>AP =0.05 0.2

[00139] The greater the number of partial deflation steps (intervals of
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determination of AP), the higher will be the precision of the final pressure value Pf.
The garph of figure 11 shows the tyre pressure course following a deflation at
predefined values.

[00140] Considering that after closing the electrovalve it is necessary to wait
for a settling time (even 10 seconds) before measuring the pressure, the time for
the deflation operation according to the method at predefined values may require
even considerable times. A 3 step system has proved to be sufficiently reliable and
accurate and quite fast.

[00141] Anocther limit of the mode just described is related to the fact that the
electrovalve opening times must be set based on the tyre size and the inner gas
volume. In fact, as the tyre size decreases, considering the gas volume reduction,
the electrovalve opening times must be decreased suitably to ensure adequate
deflation accuracy. This implies the need of providing for differentiated settings

according to the tyre sizes, to the disadvantage of the system convenience and

flexibility.

[00142] To solve the above limits at least partly, the adaptive deflation mode
may be used.

[00143] More in detail, this methbd provides for a first deflation step wherein

the electrovalve is kept open by a first predefined time (e.g. 1 sec), selected so
that the pressure does not drop below Pf or P*. This first step allows calibrating
the system obtaining data for setting the electrovalve opening time of the next
step.

[00144] Indicating with PO the pressure value prior to deflation, with P1 the
pressure value at the end of the first deflation step, with dP the difference between

PO and P1 (dP=P0-P1) and dt the electrovalve opening time in the passage from
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PO to P1, the dt value of the next step is obtained based on considerations of
proportionality and assessment of the errors on the effective value P1 compared
to the expected one Pf or P*. This mode allows minimising the number of steps
and thus the overall deflation time.

[00145] In conjunction or separately from the above description, a further
object of the present invention is a method for warming tyres, in particular tyres to
be used in motor-cycling and motor-racing.

[00146] According to a general embodiment, the method comprises the
following steps:

- providing electrical resistor means wrappable around a tyre;

- providing means for detecting the inner pressure P of the tyre;

- providing means for detecting the temperature T of the tyre;

- setting the final warming temperature T* of the tyre;

- warming the tyre by the electrical resistor means, regulating the activation and
deactivation of the latter so as to thermostat the temperature of the tyré at the
predefined warming temperature T*;

- once reached the preset temperature value T*, determining the inner pressure
gradient over time GP of the tyre; and

- taking as thermal gradient absence indicator in the tyre wall thickness an inner
pressure gradient over time GP close to zero.

[00147] Preferably, the method comprises a step of providing means for
regulating the inner pressure P of the tyre.

[00148] According to a first particular embodiment, the method further
comprises the following steps:

- setting a value of the hot inner pressure P* of the tyre; and
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- actuating the regulating means for keeping the inner pressure P about equal to
the preset value of hot pressure P*.

[00149] Preferably, according to the above first embodiment, the method also
comprises a step of regulating the cold pressure Pf of the tyre to a value not below
the preset hot pressure value P*.

[00150] According to a second embodiment, the method further comprises
the following steps:

- setting a value of the hot inner pressure P* of the tyre;

- detecting the cold temperature Tf of the tyre;

- calculating the cold inflation pressure Pf based on the detected value of cold
temperature Tf and of the preset temperature T* and hot pressure P* values of the
tyre;

- actuating the regulating means of the inner pressure for bringing the inner
pressure P of the wheel to the cold pressure Pf before starting the warming step.
[00151] In the practice it has been noted that the invention achieves the task
and the objects by providing a tyrewarmer capable of indicating to the user when
the entire thickness of the tyre reaches the preset temperature and that further
allows setting and regulating the pressure of the gas contained by the tyre.
[00152] Several changes and variations can be made to the invention thus
conceived, all falling within the scope of the inventive concept; moreover, all
details can be replaced with technically equivalent elements.

[00153] In the practice, the materials used as well as the sizes and shapes
can be whatever, according to the technical requirements and to the prior art.
[00154] Where the features and techniques mentioned in any claims are

followed by references, such references have been added only for the purpose of



WO 2009/004585 PCT/IB2008/052658

24

increasing the intelligibility of the claims and thus, such references have no limiting
effect on the interpretation of each element identified by such references only by

way of an example.
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Claims
1. Tyrewarmer, in particular for tyres to be used in motor-cycling and motor-
racing, comprising a body (11) wrappable to the wheel (12) at the tyre (13) and
seating a resistor (14) for warming said tyre (13), connected to electrical supply
means (15) actuable by a control device (16) connected to a temperature sensor
(17) associable to said wheel (12) for detecting the temperature of said tyre (13),
characterised in that it comprises a regulating device (18) of the pressure of gas
contained by said tyre (13).
2. Tyrewarmer according to claim 1, wherein said temperature sensor (17) is
associable {o the tread of said tyre (13).
3. Tyrewarmer according to claim 1, wherein said temperature sensor (17) is of
the type to be buried in said tyre (13).
4. Tyrewarmer according to claim 1, wherein said temperature sensor (17) is
associable to the rim of said wheel (12).
5. Tyrewarmer according to one or more of the previous claims, wherein said
control device (16) is set for actuating said electrical supply means (15) according
to the pressure gradient over time (GP) detected inside said tyre (13).
6. Tyrewarmer according to one or more of the previous claims, wherein said
control device (16) is set for considering a pressure gradient over time (GP) close to
zero as indicator of absence of thermal gradient in the wall thickness of said tyre.
7. Tyrewarmer according to one or more of the previous claims, wherein a
pressure gradient (GP) is considered substantially close to zero when it is below 0.1
mbar/s, and preferably when it is below 0.040 mbat/s.
8. Tyrewarmer according to one or more of the previous claims, characterised in

that said regulating device (18) comprises a device for detecting the pressure of gas
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contained by said tyre (13).

9. Tyrewarmer according to one or more of the previous claims, characterised in
that said regulating device (18) comprises a pressure chamber (20), connected to
said wheel (12) and suitable for seating part of the gas contained by said tyre (13),
said detection device comprising a pressure sensor (19), connected to said
pressure chamber (20) for detecting the pressure of the gas contained therein, said
regulating device (18) comprising a deflation electrovalve (21) connected to said
pressure chamber (20) for the on-command ejection of the gas contained in said
pressure chamber (20).

10. Tyrewarmer according to one or more of the previous claims, characterised in
that said detection device is connected to said control device (16) by said pressure
sensor (19) and by said electrovalve (21) respectively for detecting and regulating
the pressure of the gas contained in said pressure chamber (20).

11. Tyrewarmer according to one or more of claims 1 to 8, characterised in that
said regulating device (18) comprises a pressure chamber (20), connected to said
wheel (12) and suitable for seating part of the gas contained by said tyre (13), said
detection device comprising a pressure sensor (19), connected directly to the inner
chamber of said tyre (13) for detecting the pressure of the gas contained therein,
said regulating device (18) comprising a deflation electrovalve (21) connected to
said pressure chamber (20) for the on-command ejection of the gas contained
therein.

12. Tyrewarmer according to claim 11, wherein said pressure sensor (19) is of the
type to be buried in said tyre (13).

13. Tyrewarmer according to claim 11, wherein said pressure sensor (19) is

associable to the rim of said wheel (12).
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14. Tyrewarmer according to one or more of claims 11 to 13, wherein said
detection device is connected to said control device (16) by said pressure sensor
(19) for detecting the pressure of the gas contained in said wheel (12) and by
electrovalve (21) for regulating the pressure of the gas contained in said pressure
chamber (20).

15. Tyrewarmer according to one or more of the previous claims, wherein said
pressure sensor (19) may be connected to said control device (16) by conductor
wires or radio waves.

16. Tyrewarmer according to one or more of the previous claims, wherein said
temperature sensor (17) may be connected to said control device (16) by conductor
wires or radio waves.

17. Tyrewarmer according to one or more of the previous claims, characterised in
that said control device (16) comprises a setting device (22), controllable by the
user, for the hot (P*) and/or cold (Pf) inflation pressure of said tyre (13) and of the
warming temperature (T*) of said tyre (13).

18. Tyrewarmer according to claim 17, wherein said control device (16) is suitable
for intervening on said electrovalve (21) for keeping the detected pressure value (P)
to a preset value (P*) of said hot inflation pressure.

19. Tyrewarmer according to claim 17, wherein said control device (16) detects the
cold temperature (Tf) of said tyre, and is suitable for calculating the cold inflation
pressure (Pf) corresponding to the preset values of hot inflation pressure (P*) and
of the warming temperature (T*) and is suitable for intervening on said electrovalve
(21) for bringing the inner pressure (P) of said wheel to said cold pressure (Pf)
before warming said tyre.

20. Tyrewarmer according to one or more of claims 1 to 16, characterised in that
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said control device (16) comprises a setting device (22), controllable by the user, for
the cold (Pf) inﬂétion pressure of said tyre (13) and of the warming temperature (T*)
of said tyre (13) and is set for intervening on said electrovalve (21) for bringing the
inner pressure (P) of said wheel to said preset value of cold pressure (Pf) before
warming said tyre.

21. Tyrewarmer according to one or more of the previous claims, characterised in
that said control device (16) comprises a preselection device (23) of the warming
speed of said tyre (13).

22. Tyrewarmer according to one or more of the previous claims, characterised in
that said control device (16) comprises on/off means (24) of said tyrewarmer.

23. Tyrewarmer according to one or more of the previous claims, characterised in
that said control device (16) comprises means for signalling (25) the operating
conditions of said tyrewarmer.

24. Method for warming tyres, in particular tyres to be used in motor-cycling and
motor-racing, comprising the following steps:

- providing electrical resistor means wrappable around a tyre;

- providing means for detecting the inner pressure (P) of said tyre;

- providing means for detecting the temperature (T) of said tyre;

- setting the final warming temperature (T*) of said tyre;

- warming said tyre by said electrical resistor means, regulating the activation
and deactivation of the latter so as to thermostat the temperature of said tyre at said
predefined warming temperature (T*);

- once reached said preset temperature value (T*), determining the inner
pressure gradient over time (GP) of said tyre; and

- taking as thermal gradient absence indicator in the tyre wall thickness an inner
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pressure gradient over time (GP) close to zero.

25. Method according to claim 24, comprising the step of providing means for
regulating the inner pressure (P) of said tyre.

26. Method according to claim 25, comprising the step of:

- setting a value of hot inner pressure (P*) of said tyre;

- actuating said regulating means for keeping the inner pressure (P) about equal
to said preset value of hot pressure (P*).

27. Method according to claim 26, comprising the step of inflating the tyre to a
pressure (P) not below said predefined value of hot pressure (P*).

28. Method according to claim 25, comprising the step of:

- setting a value of hot inner pressure (P*) of said tyre;

- detecting the cold temperature (Tf) of said tyre;

- calculating the cold inflation pressure (Pf) based on the detected value of cold
temperature (Tf) of said tyre and of the preset temperature (T*) and hot pressure
(P*) values of said tyre;

- actuating said regulating means of the inner pressure for bringing the inner
pressure (P) of said wheel to said cold pressure (Pf) before starting said warming

step of said tyre.



WO 2009/004585 PCT/IB2008/052658
1/10

’ 3
PaYs . ] )
22"”*«.‘-« - 1
. +
q

031

SUBSTITUTE SHEET (RULE 26)



WO 2009/004585

2/10

l1 VALVE .
OPENING

IWARMING

- TYRE

1

END

Fig. 3

SUBSTITUTE SHEET (RULE 26)

PCT/IB2008/052658



PCT/IB2008/052658

WO 2009/004585

3/10

y Biy

ZOm .E<+mu

e

_”Uo“_<
‘dway

..Goowv

Al

SUBSTITUTE SHEET (RULE 26)



WO 2009/004585 PCT/IB2008/052658
4/10

J

'BEGIN

!
(] 0}

-
*
I
L)

‘ ERROR:

NO

. VALVE

——»
YES OPENING

*

NO

WARMING | | vES
YESM | TYRE

w

NO

GP > GPL ?

NO

END

Fig. 5

SUBSTITUTE SHEET (RULE 26)



PCT/IB2008/052658

WO 2009/004585

5/10

9 ‘Bi14

ZO_“_ .Eﬂ_.mu

[unw]
swi[©

(seg 1)
J4

(1eg £'1)

|

SUBSTITUTE SHEET (RULE 26)



WO 2009/004585 PCT/IB2008/052658
6/10

BEGIN

px =2
- :*P: _? ap T, P*, ...
ERROR:
NO
1 VALVE
@ YES— ' |OPENING

vEss] | WARMING | | YES
TYRE

U

z
- o

NO

GP > GPL?

G

) ]

P>P*? SYESs | VALVE °
OPENING

(e

Fig. 7

SUBSTITUTE SHEET (RULE 26)



PCT/IB2008/052658

WO 2009/004585

7/10

8 ‘bid4

NO} 1uviS|
[ i

*
. R M (D002)

SUBSTITUTE SHEET (RULE 26)



PCT/IB2008/052658

WO 2009/004585

8/10

mp

6 ‘b4

Sl

-l

1 (0008)

‘dwa)

[D61Y

*._u

(2005T)
Xeut)

SUBSTITUTE SHEET (RULE 26)



WO 2009/004585 PCT/IB2008/052658
9/10

ml'—l
=
A
=]
™~
hE-’
=
& <0
5¢,
o —
G —
* & X

SUBSTITUTE SHEET (RULE 26)



WO 2009/004585 PCT/IB2008/052658
10/10

ig. 11

Press.
A[Bar]

PO 5
1

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2008/052658

CLASSIFICATION O O%UBJECT MATTER

TN > 'BE0C 19

According to international Patent Classification (IPC) or to both national classification and 1PC

B. FIELDS SEARCHED

Minimum documentalion searchad (classificalion sysiem followed by classilicalion Symbols)

B60C HO5B B60S

Documentation searched other than minimum documentation to the extent thal such documents are included in Ihe fields searched

Eleclronic dala base consulted during lhe internalional search (name of dala base and, where praclical. search lerms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Calegory* | Citation of document, with indication, where appropriate. ol the relevanl passages

Relevant 10 claim No

A EP 1 130 947 A (CAP IT SR L [IT]) 1-28
5 September 2001 (2001-09-05)
paragraph [0022] - paragraph [0036]

the whole document

13 November 1992 (1992-11-13)

figures 1-3
A DE 40 19 447 Al (LEONHARDT KLAUS DIPL ING 1-28
[DE]) 7 February 1991 (1991-02-07)
column 2
figure 1
A JP 04 124794 U (-) 1-28

D Funiher documents are listed in the continuation of Box C.

See patent family annex.

* Special calegories of ciled documents :

*A' document delining the general state of the an which 1s not
considered to be of parlicular relevance

*E* earlier document bul published on or after the internalional
filnng date

‘L* document which may throw doubls on prionty claim(s) or
which is cited to eslablish ihe publication date of anolher
cilation or olher special reason (as speciied)

*Q* document referring (o an oral disclosure, use, exhibftion or
olher means

*P* document published prior 10 the international filing date but
later than the prionty dale claimed

*T* later document published afier the iniemational filing date
or priority dale and nol in conflict with the application but
cited to understand the principle of theory underying the
invention

*X* document of particular relevance: lhe claimed invention

cannol be considered novel or cannol be considered 1o
involve an inventive step when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannol be considered 1o involve an inventive step when the
document is combined with one or more other such docu-
ments, such combinalion being obvious to a person skilled
inthe an

*&* documenl member of the same palent famity

Dale of the actual complelion of the international search

31 October 2008

Date of mailing of the intlemational search report

06/11/2008

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentiaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70} 340-3016

Authorized oflicer

Billen, Karl

Form PCT/ISA/210 (second sheet} {April 2005)




INTERNATIONAL SEARCH REPORT

International application No
Information on patent tamily members

PCT/1B2008/052658
Patent document Publication Patent family Publication
cited in search report date member(s) dale
EP 1130947 A 05-09-2001 IT MI20000390 Al : 29-08-2001
DE 4019447 Al 07-02-1991  NONE
JP. 4124794 ] 13-11-1992  NONE

-Form PCTASA/210 ipalert lamily annex) (Aptil 2005)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - wo-search-report
	Page 42 - wo-search-report

