US 20140311833A1

a2y Patent Application Publication o) Pub. No.: US 2014/0311833 A1

a9 United States

Martinotto et al.

43) Pub. Date: Oct. 23,2014

(54) METHOD FOR MANUFACTURING A
BRAKING ELEMENT WITH INTEGRATED
SENSOR, IN PARTICULAR A BRAKE PAD,
BRAKE PAD WITH INTEGRATED SENSOR,
VEHICLE BRAKING SYSTEM AND
ASSOCIATED METHOD

(71) Applicant: ITT ITALIA S.r.l., Lainate (IT)
(72) Inventors: Luca Martinotto, Barge (IT); Fabrizio

Merlo, Barge (IT); Daniele Donzelli,
Barge (IT)

(73) Assignee: ITTITALIA S.r.l., Lainate (IT)
(21) Appl. No.: 14/106,262

(22) Filed: Dec. 13, 2013

Related U.S. Application Data

(63) Continuation of application No. PCT/IB2013/060881,
filed on Dec. 12, 2013.

(30) Foreign Application Priority Data

Apr. 17,2013 (IT) e TO2013A000307

Publication Classification

(51) Int.CL
B60T 17/22 (2006.01)
F16D 66/00 (2006.01)
F16D 65/092 (2006.01)
(52) US.CL
CPC oo B60T 17/22 (2013.01); F16D 65/092
(2013.01); F16D 66/00 (2013.01); F16D
2066/005 (2013.01)
1615) G 188/1.11E; 29/25.35
(57) ABSTRACT

A method in which at least one piezoceramic sensor, which
converts every mechanical force to which it is subjected into
an electrical signal and having a Curie temperature higher
than 200° C., is solidarized directly onto the surface ofa metal
support element of a vehicle braking element, which during
use faces a vehicle element to be braked. While in contact
with such a surface, an electrical circuit is implemented that
picks up and eventually processes the electrical signal, the
electrical circuit being connected with a connector integrated
with the metal support element. An electrically insulating
layer sandwiches the at least one piezoceramic sensor and the
electrical circuit, and a block of friction material with an
underlying damping layer is formed upon the electrically
insulating layer. After forming the block of friction material,
the piezoceramic sensor is polarized by applying a predeter-
mined potential difference thereto by means of the connector.
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METHOD FOR MANUFACTURING A
BRAKING ELEMENT WITH INTEGRATED
SENSOR, IN PARTICULAR A BRAKE PAD,
BRAKE PAD WITH INTEGRATED SENSOR,

VEHICLE BRAKING SYSTEM AND
ASSOCIATED METHOD

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of International
Application No. PCT/IB2013/060881, filed Dec. 12, 2013,
which claims priority under relevant sections of 35 U.S.C.
§119 to Italian Patent Application No. TO2013A000307,
filed Apr. 17, 2013. The entire contents of each above-noted
application is herein incorporated by reference.

TECHNICAL FIELD

[0002] The present invention relates to a method for manu-
facturing braking elements, in particular brake pads with
integrated sensors that allow to detect the forces acting upon
brake pads during vehicle braking. The invention also relates
to a brake pad integrated with sensors constructed using this
method and to a vehicle braking system and associated con-
trol method both of which make use of a brake pad with
integrated sensor as according to the invention.

BACKGROUND OF THE INVENTION

[0003] With the vehicle braking systems currently in pro-
duction, there is no way to detect while using the vehicle, if
not by way of external systems, the forces that are exchanged
between the brake pads (or brake shoes for vehicles equipped
with drum brakes) and the disc or drum element attached to
the wheel that is being braked. This makes it impossible to
detect and/or predict the occurrence of many drawbacks
which can vary from abnormal brake pad wear due for
example to the pads “touching” the disc even when braking is
not taking place due to poor caliper adjustment, rather than
the noise, vibration and undesirable squealing during brak-
ing. These problems can lead to malfunctions or even to
premature and often unnecessary brake pad replacement.
[0004] KR2004-48957A attempts to solve the problem of
the generation of noise and vibration during braking by
arranging piezoelectric elements behind the metal support for
the brake pad which is known as the “backplate”. These
piezoelectric elements, as a result of the vibrations to which
the backplate is subjected during use, generate electrical
energy which is subsequently dissipated by supplying said
energy to LEDs. By absorbing energy in this manner these
vibrations are dampened.

[0005] More generally the use of piezoelectric elements
(sensors or actuators) for experimental purposes is known in
the art. For example arranging piezoelectric elements against
the backplate and facing towards the outer sides of the brake
caliper in order to detect the deformations of said backplate
during braking bench tests or for counteracting the vibrations
that are generated during braking by electrically supplying
piezoelectric actuators such that said actuators then apply
forces to the backplate that should counterbalance and thus
dampen the vibrations.

[0006] For example, the SAE Technical Paper 2004-01-
2773 describes a study conducted by the University of Darm-
stadt in which piezoelectric elements are coupled together
with acceleration sensors and used both as sensors and actua-
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tors for the squealing suppression during braking. The same
study points out however that the system described should be
considered as a design aid tool and not as a system suitable for
use in the mass production of brake pads.

[0007] EP1531110 and GB2478423 describe vehicle brak-
ing systems wherein piezoelectric sensors are respectively
arranged on the brake disc or between the brake caliper piston
and backplate so as to produce respectively either a signal that
is used by an electric motor to adjust the position of the brake
caliper piston or else to rapidly detect any signs of wheel lock
during braking.

[0008] It should be noted in fact that at the moment it is
considered to be extremely difficult, if not impossible, to have
piezoelectric sensors in the vicinity of brake pads or on the
brake pads themselves, due to the high temperatures and
pressures to which brake pads are subjected during the pro-
duction process or that are developed during braking, result-
ing in temperatures and pressures that are incompatible with
most known piezoelectric sensors.

[0009] EP1431606B1 therefore describes a method for the
measurement of forces applied to a friction layer where a
functional layer, whose electrical resistance varies as a func-
tion of the forces applied to it, is associated with said friction
layer, then the variation in functional layer electrical resis-
tance is measured thus giving an indication of the amount of
applied force.

[0010] EP1923592B1 instead describes a braking or fric-
tion element having a friction layer and a support plate with at
least one capacitive sensor arranged between the friction
layer and the support plate, the capacitance of which varies as
a function of the force applied to said friction layer.

[0011] Finally US2006/0254868 describes a system simi-
lar to that of EP 1431606B1 wherein the variation in electrical
resistance of a braking element friction layer, such as that of
a brake pad, is measured directly.

[0012] These systems, which are based on the variation in
capacitance or electrical resistance of a sensor or an entire
functional layer are however very difficult to be made feasible
in practice, because, on one hand they allow for relatively
precise measurement of forces applied in static manner or in
avery slow acting manner, but they are unable to detect rapid
changes in force such as those that occur during braking; and,
on the other hand, they also need to be continuously electri-
cally supplied thus leading to associated energy consumption
and considerably complicated construction in that electrical
energy has to be supplied to relatively fast moving parts.

SUMMARY OF THE INVENTION

[0013] The object of the present invention is to provide a
simple and economical construction method of brake pads
and more generally braking elements, and therefore also
brake shoes, wherein it is then possible to detect during use, in
real time and in a simple and precise way during braking,
without the need of external powering, the presence and/or
extent of the forces at the interface between the braking
element (pad or shoe) and the element being braked (disc or
drum brake).

[0014] A further aim of the invention is that of providing a
braking element, in particular a sensorized brake pad, that
during use is capable of transmitting an electrical signal
which is proportional to the braking forces applied to said
braking element as a result of coming into contact with the
element being braked, a braking element that is both easy to
be constructed and easily usable.
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[0015] Finally, a further object of the invention is to provide
avehicle braking system and associated method wherein it is
possible to perform real time active or passive braking control
with the aim of eliminating inconveniences such as unwanted
vibrations and squeals and/or to indicate abnormal operating
conditions.

[0016] The invention therefore relates to a method for the
simple and economical construction of braking elements, in
particular brake pads, with sensors, as defined in the claims.
The invention further relates to a braking element, in particu-
lar a brake pad, with sensors.

[0017] The invention further relates to a vehicle braking
system and to an associated control method.

[0018] According to a main aspect of the invention, at least
one piezoceramic sensor capable of emitting an electrical
signal when subjected to a mechanical force and chosen so as
to be operative at temperatures equal to or even higher than
200° C. (i.e., selected from a group consisting of piezocer-
amic sensors with maximum operating temperatures equal to
or higher than 200° C.), made therefore of piezoceramic
material with a Curie temperature higher than 200° C., is
made integral i.e. solidarized directly with/onto a first surface
of a metallic support element (so called backplate) of the
braking element which surface is intended during use to be
directed toward a vehicle element to be braked, such as a disc
or drum; furthermore, before or immediately after the step
involving the integration of the sensor onto the metal support
(backplate), an electrical circuit is implemented upon the first
surface in order to picking up and potentially processing the
electrical signal from the at least one sensor and the electrical
circuit is connected to a connector or to an electrical cable
terminating in a connector which are integrated into the
metallic support element; subsequently a continuous or dis-
continuous electrically insulating layer is implemented upon
the first surface in such a way as to encase the at least one
piezoceramic sensor, together with the electrical circuit,
between the first surface and the insulating layer; the at least
one piezoceramic sensor and the electrical circuit conse-
quently remain embedded, without interposition of any air
bubbles, within the electrically insulating layer; upon the
electrically insulating layer, a thermally insulating and damp-
ing layer (known as an underlayer) is then formed and above
the latter there is finally formed a block of friction material
which is held rigid by the metal support; consequently, the at
least one sensor together with its relative electrical circuit is
embedded directly within the block of friction material from
which however, it is separated by means of the electrically
insulating layer, which is itself also embedded within the
block of friction material; if necessary, after the step of form-
ing the block of friction material a predetermined difference
of potential is applied to the at least one piezoceramic sensor
via the connector and the possibly present electrical cable,
which difference of potential acts to polarize or re-polarize
the piezoceramic material of the sensor.

[0019] The piezoceramic sensor converts received
mechanical energy, in the form for example of force or pres-
sure, into electrical energy and accordingly generates, with-
out the need of a power supply and when constrained to vary
its thickness in the direction of application of a force stimulus,
avariation of electric charge which is measured as a potential
difference, i.e. an electrical voltage signal, or as electric
charge, both varying according to the magnitude of the
applied force.
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[0020] The piezoceramic sensors used according to the
invention differ from the known piezoceramic accelerom-
eters by the fact that they are deprived of a seismic mass and
are formed by the active element only. Moreover, according to
the invention, the utilized sensors have to be able to give a real
time signal response. For real time it is intended a transduc-
tion speed (response time) of the sensor less than 0.16 micro-
seconds, so allowing acquisition frequencies with sequential
sampling typical of the acoustic range up to 50 kHz.

[0021] According to further aspects of the invention, a plu-
rality of piezoceramic sensors is made integral onto the first
surface, eventually by forming them in situ and using exclu-
sively piezoceramic material, the sensors being individually
activatable and being spaced apart and preferably arranged
according to a symmetrical array. Then, the electrical circuit
is connected to a central processing unit, the electrical circuit
optionally comprising means to process the voltage or elec-
trical charge signals emitted by the piezoceramic sensors or
else being adapted to separately provide the central process-
ing unit with an electrical signal emitted from each sensor.
[0022] Following on from this, the development of suitable
signal processing algorithms will allow for the detection and/
or diagnosis and/or correction of various possible faults and/
or malfunctions.

[0023] For example, if the vehicle braking system has not
been activated but the central processing unit nonetheless
receives a signal from one or more sensors, it can be estab-
lished that the braking element, for example a brake pad, is
“touching” the element to be braked, for example a brake disc
carried by the wheel of the vehicle. It would then be possible
according to the invention to either activate a warning device
to alert the user of the abnormality, an abnormality that can be
eliminated by a simple mechanical adjustment of the brake
calipers for example, or else to automatically intervene upon
the braking element actuating mechanism (piston or caliper)
so as to retract the braking element with respect to the element
being braked. Abnormal brake pad consumption is thus
avoided and significant energy savings obtained in driving the
vehicle.

[0024] A further advantage consists in the fact that, by
suitably processing the signal emitted by a plurality of sen-
sors applied to a single braking element according to an array
pattern it is possible to detect any vibration and/or abnormal
distribution of contact pressure between the brake pad and
disc which induce differential wear and/or noises and
squeaks. As these conditions usually occur as a result of
abnormal pressure distribution and/or of the application of
discrete values of contact pressure, it is thereby possible to
rebalance the distribution of pressure or in some cases to
detect the pressure which triggered the phenomenon and to
operate the braking system, for example by acting upon the
actuating mechanism of the braking element with the inte-
grated sensor, so as to thereby avoid the application of the
pressures that induce said phenomenon, for example by
applying higher or lower pressures depending on the driving
conditions.

[0025] By elaborating the signal from more piezoceramic
sensors, i.e. from a set of discrete sensors formed by a plu-
rality of independent piezoceramic sensors at least one of
which is designed to react to forces that are transverse to the
direction of the pressure applied by the braking element,
having been polarized in a direction perpendicular to the
polarization direction of the other piezoceramic sensors, it
will then be possible to calculate the instantaneous coefficient
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of friction between the brake pad with the integrated sensor
and the disc. With this value being transmitted to the vehicle
on-board computer, and it being combined in real time with
signals from other systems (ABS, ESP, etc.), this will allow
for better control over braking conditions and consequently
the stopping distance of the vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Further characteristics and advantages of the
present invention will become clear from the following
description of an exemplary non-limiting embodiment given
purely by way of example and with reference to the figures
within the accompanying drawings, wherein:

[0027] FIG. 1 schematically illustrates a vehicle braking
system according to the invention in elevation and partially
cutaway view, drawn longitudinally in relation to a wheel
axis;

[0028] FIG. 2 schematically illustrates, with an enlarged
scale, an exploded perspective view of a braking element, in
this case a brake pad, constructed according to the invention;
and

[0029] FIG. 3, in the direction of the arrow, schematically
illustrates in sequence the succession of steps regarding the
method for constructing the brake pad of FIG. 2.

DETAILED DESCRIPTION

[0030] With reference to FIGS. 1 to 3 it is indicated as a
whole at 1 a vehicle braking element integrated with sensors,
in the shown example a brake pad, which is intended to equip
a braking system 2 (FIG. 1), equipped with a disc 3 (disc-
braking system); a disc 3 is attached in a known manner to
each wheel of the vehicle (not shown for simplicity), and
therefore rotates about a wheel axis A.

[0031] In addition to the disc 3 and for each disc 3 (there-
fore for each wheel of the vehicle) the braking system 2
comprises, a brake caliper 4 equipped with an actuator 5,
known in the example illustrated to be of the oil-hydraulic
type 5 but that can also be of an electrical type, and a pair of
brake pads 1 carried by the brake caliper 4 together with the
actuator 5, brake pads 1 which in use may be pressed against
the disc 3 in a direction parallel to the axis A by means of the
actuator 5, so as to brake the rotation of the disc 3, thus
braking along with it the wheel to which it is rigidly attached
and, consequently, the vehicle equipped with the braking
system 2. The actuator 5 described is of the hydraulic type,
equipped with a piston 6 that slides within a chamber 7 full of
oil, which is pressurized by means of a pipe 8 when a vehicle
user presses the brake pedal and that, more generally, is
controlled by a vehicle on-board computer 10. Obviously, the
actuator 5 may also be of the electrical type in which case it
will be directly controlled by the on-board computer 10. It is
also clear that what is described here above and below also
applies to combined hydraulic-electrical systems.

[0032] Both here and below, specific reference will be
made to a braking element consisting of a brake pad 1, but it
is clear that what will be said is also identically applicable to
the brake shoe of a drum brake, so that the braking system 2
described above can also be of a mixed type consisting of two
discs 3 only (for example for the front wheels of the vehicle)
and two brake drums (known in the art and not shown for
simplicity) for the rear wheels, that in use operate with brak-
ing elements consisting of brake shoes rather than with brake
pads 1.
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[0033] Also with reference to FIG. 2, a brake pad such as
the brake pad 1 usually consists of a metal support element 11,
otherwise known as a “backplate”, in the form of a flat plate
shaped with a contour, a damping and thermally insulating
layer 12C, known as an “underlayer” which is arranged over
afirst surface 13 of the metal support element 11 which in use
is intended to be facing toward an element to be braked, in the
shown example the disc 3, of a vehicle, and a block 14 made
of friction material which is held rigid by the metal support
element 11 on the side of the surface 13 and above the known
damping/insulating layer or underlayer 12C.

[0034] Itis clear that in the case of a brake shoe there could
be elements corresponding to those described for the brake
pad 1 for which, for a person skilled in the art, the following
description is easily transferable such that brake shoes with
integrated sensor can also be constructed.

[0035] According to an aspect of the invention, the brake
pad 1 (at least one brake pad 1 for each pair of brake pads used
within the braking system 2 according to the invention) has
integrated sensor which is used to detect the forces that are
exchanged when, during use, contact occurs between the
brake pads 1 and the disc 3.

[0036] The brake pad 1 according to the invention thus also
includes at least one piezoceramic pressure sensor 15,
selected according to the invention so as to preferably be
individually free from polymers or polymeric components
which are necessary for its operation such as polymer films,
for example a sensor made entirely of'a piezoceramic material
having a Curie temperature higher than 200° C., provided
with opposing electrical connection electrodes or terminals
16. Polymeric components or films may also be present to the
extent that they do not interfere/intervene in the operation of
the sensor 15 and serve for example only with regard to its
anchorage.

[0037] According to the invention, at least one brake pad 1
sensor 15 is made integral directly with the surface 13 of the
metal support element 11 and onto the same before construct-
ing the brake pad 1 in its entirety and therefore before form-
ing, using techniques known in the art, the thermally insulat-
ing and damping layer 12C and the block of friction material
14; also in combination, before forming the thermally insu-
lating/damping layer 12C a continuous or discontinuous elec-
trically insulating layer 12B within which the at least one
sensor 15, which is integrated with the surface 13, remaining
completely encased and this without interposition of any air
bubbles, is made integral with and above the surface 13.
[0038] Above the electrically insulating layer 12B, in a
manner known in the art, the layer 12C and the block of
friction material 14 are then constructed in such a way as to
completely cover the sensor(s) 15 arranged on the surface 13,
such that the block 14 becomes integral in one piece with the
backplate 11, so that the at least one sensor 15 remains
embedded within the damping and thermally insulating layer
12C, incorporated directly within the same with the only
interposition of the relative electrically insulating layer 12B.
The at least one sensor 15 can occupy only one point on the
surface 13 or, alternatively, it can be implemented in the form
of'a ceramic film that covers all or only part of the surface 13.
[0039] In the case illustrated in FIG. 2, the brake pad 1
comprises a discrete set of piezoceramic sensors formed from
a plurality of sensors 15 that are independent of each other
and directly integrated with the surface 13. The sensors,
which can be individually activated, are spaced apart and
preferably arranged according to a symmetrical array. The
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plurality of piezoceramic sensors 15 are pressure sensors
which are spaced apart, preferably according to a symmetric
array, so as to occupy the entire surface 13, but only in a
discrete manner, i.e., in correspondence to predetermined
points/limited portions of the same.

[0040] According to a preferred aspect of the invention, at
least one of the sensors 15, shown in FIGS. 2 and 3 (referred
to as 15C), having been polarized in a direction perpendicular
to the polarization direction of the other piezoceramic sen-
sors, is thus configured to react to forces that are transverse to
the direction of the pressure applied by the braking element 1.
In the non-limiting shown example, the sensors 15 are polar-
ized according to a direction perpendicular to the face 13,
while the sensor 15C is polarized in a direction parallel to the
face 13 and, in particular, in a tangential direction relative to
the axis A, i.e., tangential to the brake disc 3 with respect to
the direction of rotation of the brake disc 3 about the axis A.

[0041] The sensors 15 can be selected from commercial
types provided that they are selected from those that are
exclusively piezoceramic and, according to one aspect of the
invention, must have a thickness, measured perpendicularly
to the surface 13, equal to or less than that of the damping
layer or underlayer 12C. The sensors are attached to the
surface 13 by gluing for example or else by other techniques
known in the art.

[0042] Alternatively, the sensors 15,15C can be formed
directly in situ onto the support element or backplate 11, thus
making them integral directly with the surface 13 by sinter-
ing, binding them integral in one piece to surface 13. As
regards the material used to sinter the piezoceramic sensors
15 a “soft” or “hard” type of PZT (lead zirconate titanate)
compound can be used for example or else a bismuth sodium
titanate compound or modified lead metaniobate. The list of
possible materials provided herein is not exhaustive and any
piezoceramic material currently known in the art or that may
be available in the future and that meets the above require-
ments may be used in the present invention.

[0043] Again according to the invention, the brake pad 1
also includes an electrical circuit 18 shown in FIG. 2 only in
aschematic way and without any relation to reality; the circuit
18, by means of the electrodes or terminals 16, picks up an
electrical signal which is produced by the at least one piezo-
ceramic sensor 15 and is eventually capable of processing
said signal as will be explained further on. The circuit 18 is
arranged so as to be in contact with the surface 13 and with the
sensor(s) 15, it is for example formed directly above the first
surface 13 before the sensors are integrated with said surface
13 (as illustrated in FIG. 3 by a dashed line) or else it is
pre-printed onto the face of the electrically insulating layer
12B facing in use the surface 13 before the layer 12B is
deposited onto the surface 13 itself, the layer 12B being
constructed in the form of a film, for example by means of
techniques known in the art that are used for printed circuits
and/or microcircuits (microchip); for example the circuit 18
is screen printed onto the surface 13 or onto the face of the
layer 12B facing, during use, the surface 13 and arranged such
that it is in contact with the same, and is connected with an
electrical cable 19 which is formed integral with the metal
support element 11. The electrical cable 19 terminates (FIG.
1) ina connector 20. Alternatively, the electrical circuit 18 can
be directly integrally connected to the connector 20 which is
itself directly made integral in one piece with the metal sup-
port element 11.
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[0044] In the example illustrated, in which the brake pad 1
comprises a plurality of sensors 15 and at least one sensor 1
SC, all of these are connected together along with the cable
19/connector 20 by means of the electrical circuit 18; the
latter is constructed in such a way as to potentially include
pre-processing means 21 (indicated by a block in FIG. 2) of
the voltage or electric charge signals generated by the plural-
ity of piezoceramic sensors 15,15C; that is to say that the
circuit 18 is constructed in such a way as to be capable of
separately providing an electrical output signal from each
sensor 15 and 15C by means of the cable 19 (in which case the
cable 19, if present, will possibly be a flat multi-signal cable)
or in any event to the connector 20.

[0045] Inallcasestheatleast one sensor 15 (the plurality of
sensors 15 and 15C) and the electrical circuit 18 are, as
regards the brake pad, sandwiched between the surface 13 of
the metal support element 11 and the electrically insulating
layer 12B, with the damping layer 12C arranged above,
within which the sensor(s) 15,15 C is/are directly encased
with the interposition of the electrically insulating layer 12B,
and upon which the block of friction material 14 is superim-
posed and which is rendered integral and made rigid by the
metal support element 11 with the interposition of the ther-
mally insulating/damping layer 12C.

[0046] Furthermore, according to an essential aspect of the
invention, the cable 19, if present, the connector 20 and the
electrical circuit 18 are constructed in such a way as to be
capable not only of picking up and transmitting the electrical
signals generated and emitted, during use, by the sensor(s) 15,
but, above all, are also capable of being connected, as shall be
seen, to voltage generating means 25 (FIG. 3) in order to
polarize and/or re-polarize the sensor(s) 15, which otherwise
could remain inert or not perfectly functioning.

[0047] Infact,the piezoceramic sensor(s) 15 (15C) selected
according to the invention for use in brake pads (braking
elements) 1 are not made of materials that naturally exhibit
piezoelectric properties but rather only with materials which,
thanks to the crystalline structure, take on piezoelectric prop-
erties but only after adequate polarization.

[0048] The braking system 2 according to the invention, in
addition to comprising the elements already indicated,
including at least one (two in the illustrated example) brake
pad(s) 1 which is/are arranged to interact with the disc 3, can
also comprise a central processing unit 22 which is connected
in a detachable way to the electrical circuit 18 and to the at
least one piezoceramic sensor 15 (with the plurality of sen-
sors 15 and 15C arranged in an array pattern) by means of the
connector 20 and the eventually present electrical cable 19 of
each brake pad 1.

[0049] The central processing unit 22 can be attached
directly to the brake caliper 4 for example or else it can form
part of a vehicle on-board computer or group of central pro-
cessing units within the vehicle fitted with the braking system
2. In all cases the central processing unit 22 is connected to (or
is an integral part of) the on-board computer 10 that controls
the actuators 5 which, during use, push the block of friction
material 14 arranged so as to face the element to be braked of
each braking element made up of a brake pad 1 (or of a brake
shoe in the case of drum brakes against the element to be
braked which is defined by the disc 3 (or by a brake drum in
the case of drum brakes).

[0050] With reference to FIG. 3, it is clear from what has
been described that the brake pad 1 (or any similar braking
element 1, such as a brake shoe) according to the invention, is
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constructed by means of the subsequent process or method
which is schematically illustrated in FIG. 3. This method or
process comprises the following steps:

[0051] a) directly made integral with and onto the surface
13 of a metallic support element or backplate 11 of the brak-
ing element 1 which is intended during use to be facing
toward the element 3 to be braked, at least one piezoceramic
sensor 15 which when appropriately polarized is capable of
generating and outputting an electrical signal when subjected
to a mechanical force, a sensor 15 preferably chosen so as to
be free of polymeric components necessary for its operation
and fully operational even at temperatures equal to or higher
than 200° C.; this step can be completed by simply gluing or
otherwise attaching commercial type sensors 15B onto the
surface 13 (as illustrated in this non-limiting case in F1G. 2 the
sensor 15B is in the form of a ring but the piezoceramic
sensors to be used according to the invention can be of various
shapes, generally cylindrical for the sensors 15 and rectangu-
lar for the tangentially polarized sensor 15C, where the elec-
trodes 16 are constituted by the opposite faces of the base of
the sensor 15/15C), or else, as shown in FIG. 3, the sensor(s)
15/(15C) can be made in situ, forming it/them (by sintering)
from powder, for example by means of laser beams 30 as
according to a construction technique known in the art. In this
case, the sensor(s) 15/15C present on the surface 13 and
integrally incorporated to the support 11 is/are inactive being
still free of piezoelectric properties;

[0052] D) constructing a circuit 18 such that it is in contact
with the surface 13, for example directly on said surface
before integrating onto it the sensors 15 (the circuit is shown
as dashed lines in FIG. 3) capable during use of picking up the
electrical signal from the sensors 15 and optionally process-
ing it; this circuit 18 is also connected to an electrical cable 19
which is integral with the backplate 11 and terminates in a
connector 20, or, as according to a preferred embodiment
which is not illustrated for simplicity, the circuit 18 is con-
nected directly to a connector 20 which is made directly
integral with the backplate 11;

[0053] c¢) forming an electrically insulating layer 12B on
the surface 13 (or part of it) that encases the sensors 15 and the
circuit 18, which can be carried pre-printed by layer 12B, so
asto sandwich between the surface 13 and the insulating layer
12B both the piezoceramic sensor(s) 15 and the electrical
circuit 18;

[0054] d) forming on the insulating layer 12C a block of
friction material 14 that is held rigid by the metal support
element 11; and

[0055] e) applying, if necessary, to the at least one piezo-
ceramic sensor 15, or to the plurality of sensors 15/15C point
by point distributed on the surface 13, by means of the con-
nector 20 and of the eventually present electrical cable 19, a
predetermined potential difference capable of initially polar-
izing or re-polarizing the piezoceramic material that the sen-
sors are made of but only and exclusively at the completion of
the construction step of the block of friction material 14.

[0056] This final phase e) is carried out in practice upon the
finished brake pad 1, in which the block of friction material 14
has already been formed, polymerized, and heat-treated, by
connecting the connector 20 to the voltage generation means
25 which is controlled by a central processing unit 26.

[0057] When the sensor(s) 15 is/are formed in situ directly
on the surface 13, it/they is/are composed exclusively of a

Oct. 23,2014

piezoceramic material having a Curie temperature higher
than 200° C. and it not yet polarized. Step e) as described
above is then compulsory.

[0058] Thepolarization/re-polarization phase ofthe at least
one piezoelectric sensor 15, which is the final step of the
method according to the invention, is conducted by applying
for a predetermined time frame, for example between 5 and
10 seconds, and by means of the cable 19, to the opposing
electrodes 16 of the sensor (each sensor) 15, a potential dif-
ference that can range from 0.1 to 5 kV per mm of thickness
of'piezoceramic material of which the sensor 15 is composed.
The thickness being measured in the direction of the polar-
ization of the sensor. The preferred thickness for the sensors
15 is about 1 mm, whereby during the polarization phase a
2,500V voltage for example will be applied to the connector
20. The polarization/re-polarization voltage for the tangen-
tially polarized sensor 15C will instead be increased to
12,500V, this is assuming that it has a prismatic shape with a
square base of 5 mm per side. Therefore, circuit 18 and
connector 20, together with the eventually present cable 19,
must be constructed so as to withstand this maximum appli-
cable voltage.

[0059] This results in a finished brake pad 1 complete with
integrated sensor and without the normal pad forming process
interfering with the presence of the sensors 15, which are also
optimally positioned to detect the pressures to which the
block of friction material 14 is subjected during use and
without interfering with the stiffness of the backplate 11 and,
therefore with the performance expected from brake pad 1.

[0060] With reference once again to FIG. 2, in the braking
system according to the invention, the pads 1 are preferably
always provided with a plurality of sensors 15 arranged in an
array and the electrical circuit 18 comprises suitable means
21 for pre-processing the voltage or electric charge signals
generated and transmitted by piezoceramic sensors 15 and
then sending a signal along the cable 19 that informs the
central processing unit 22 (or any other circuit suitably con-
nected and programmed) of the contact pressure configura-
tion (measured parallel to the axis A for the sensors 15 and on
aplane perpendicular to the axis A for the shear forces acting
on the sensor 15C) acting on the block 14, or else is config-
ured such that it separately and individually transmits by
means of the cable 19/to the connector 20 the signals emitted
by all of the sensors 15/15C present, said signals being pro-
cessed directly by the central processing unit 22.

[0061] Inall cases the braking system 2 comprises a means
28 for controlling the actuator means 5 in response to an
electrical signal sent to the central processing unit 22 from the
electrical circuit 18, in its turn in response to the activation of
one or more sensors 15 within the array of active piezocer-
amic sensors located on the surface 13. Said means 28 is
defined by the central processing unit 22 itself, and by a
two-way connection between the central processing unit 22
and on-board computer 10. Obviously, on-board computer
10, the central processing unit 22 and means 28 can simply be
realized through software, by means of a suitable program-
ming of a central processing unit already built-in with the
vehicle.

[0062] In addition or as an alternative to the above, the
braking system 2 may comprise signaling means 29 that can
be activated by the central processing unit 22 in response to an
electrical signal emitted by at least one active piezoceramic
sensor 15 located on the surface 13, without the activation of
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the actuator means 5, a condition that the central processing
unit 22 can verify by means of the connection/interface with
the on-board computer 10.

[0063] Finally, the braking system 2 can also include
capacitive means 40 associated with the central processing
unit 22 that, at least with a moving vehicle, are maintained in
an electrically charged status by the central processing unit
22, for example by means of the vehicle battery 41 and which
are capable, under the control the central processing unit 22,
of re-polarizing the single piezoceramic sensor 15/the plural-
ity of piezoceramic sensors 15 located on the surface 13, by
means of the cable 19 and the connector 20, in the case where
the central processing unit 22 detects a fault or the absence of
the signal transmitted by the electrical circuit 18 to the central
processing unit 22 when the actuator means 5 are active. This
could happen in the case where intensive use of the brakes (for
example in descent) causes overheating of the brake pad 1
which may then depolarize all or part of the active sensor(s)
15,15C embedded within the brake pads 1.

[0064] From the above description it is clear that the inven-
tion also relates to a vehicle braking system control method
comprising the following steps:

[0065] 1) providing at least one braking element with inte-
grated sensor, such as the brake pad 1 comprising a plurality
of'spaced apart piezoceramic sensors 15, preferably arranged
according to a symmetrical array, that can be individually
activated, and an electrical circuit 18 which by means of the
electrical cable 19 and connector 20 connects the piezocer-
amic sensors 15 to the central processing unit 22 or to any
other equivalent central processing unit, for example one that
is already built-in with the vehicle;

[0066] 1ii) processing of an electrical signal supplied by the
electric circuit 18 and/or by each sensor 15 in response to the
activation in real time of one or more of the piezoceramic
sensors 15;

[0067] 1iii) detecting of whether or not the braking system
has been activated, for example by querying the on-board
computer 10;

[0068] iv) in the negative case, activating the signaling
means 28, if present, or the actuating means 5 of the braking
element with integrated sensor 1 so as to retract the braking
element 1 away from the element to be braked, from the brake
disc 3 in the example shown. As regards the first scenario,
without affecting the actuating means 5, the user can be
alerted to the fact that the brake caliper 4 is not correctly
adjusted and that it is necessary to make an adjustment that
will prevent premature wear and excessive fuel consumption.
Within the context of this limited scope the brake pad 1 may
feature only one sensor 15. As regards the second scenario,
which is preferred, the problem will be directly solved in a
completely automatic way;

[0069] V) in the positive case, where the activation of the
braking system has been detected, determining whether the
vehicle is braking in an abnormal way by means of a suitable
processing of the electrical signal emitted in real time by a
plurality of sensors 15 embedded within a single braking
element 1 (for example the detection of any abnormal vibra-
tions), by measuring the pressure with which the actuating
means 5 is pushing, even locally, the braking element with
integrated sensor 1 against the element to be braked 3 in a
direction parallel to the axis A, and acting upon the individual
actuating means 5 such that it no longer applies the aforemen-
tioned pressure (the pressure that triggered the abnormal phe-
nomenon) applying instead another, greater or lesser pres-
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sure, depending on the vehicle driving conditions, thus
allowing for the application of optimal pressure distribution.
If the vehicle is not braking abnormally, the suitable process-
ing of the electrical signals emitted in real time by a plurality
of sensors 15 arranged on the braking element 1 will still
provide useful information, such as to the on-board computer
for example, in order to better handle emergency braking.
[0070] More generally, by means of the invention, in addi-
tion to fully automatically remedying poor caliper adjustment
it will be possible to compensate for uneven wear of the brake
pad friction material and above all to avoid the generation of
noises/squeals/vibrations during braking that would other-
wise be noticeable to the user.

[0071] The purposes of the invention are thus fully
achieved.
[0072] Moreover, thanks to the presence of the electrical

circuit 18 and the electrically insulating layer 12B, a wear
sensor and/or a temperature sensor known in the art and not
illustrated for simplicity, may be mounted before construct-
ing the block 14 directly onto the backplate 11 with conse-
quent significant cost savings and simplification of opera-
tions.

1. A method for manufacturing sensorized brake elements

for vehicles, comprising the steps of:

a) making at least one piezoceramic sensor integral directly
with and onto a first surface of a metal support element
of the braking element which is intended during use to be
directed towards a vehicle element to be braked, the at
least one piezoceramic sensor being able to convert
mechanical energy received in a polarization direction
of the at least one sensor, when subjected to a mechani-
cal force, into electrical energy for emitting an electrical
signal, the at least one sensor being selected from a
group of piezoceramic sensors still operational at work-
ing temperatures at least equal to 200° C. and free from
polymeric active components;

b) providing an electrical circuit which is in contact with
said first surface, to pick up said electric signal and
possibly processing the electric signal and connecting
said electrical circuit with a connector made integral
with said metal support element;

¢) providing an electrically insulating layer, which is one of
continuous and discontinuous, on the first surface so as
to sandwich the at least said one piezoceramic sensor
and said electrical circuit between the first surface and
the electrically insulating layer, so as to embed them
within said electrically insulating layer;

d) providing a dampening and thermally insulating layer
directly onto said electric insulating layer and on the first
surface so that the at least one piezoceramic sensor is
directly and completely embedded within the dampen-
ing and thermally insulating layer with the interposition
of the electrically insulating layer; and

e) forming a block of friction material upon the dampening
and thermally insulating layer, said block being held stiff
by the metal support element.

2. A method according to claim 1 further comprising the

step of:

1) applying a predetermined potential difference to said at
least one piezoceramic sensor after the step of forming
the block of friction material and by means of said con-
nector, so as to at least one of polarize and re-polarize the
piezoceramic material of said at least one piezoceramic
sensor.
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3. A method according to claim 1, wherein the at least one
piezoceramic sensor is selected so as to have a thickness equal
to or less than that of the dampening and thermally insulating
layer, when measured perpendicular to said first surface.

4. A method according to claim 1, wherein the at least one
piezoceramic sensor is formed in situ directly upon said first
surface and is exclusively made of a piezoceramic material
having a Curie temperature higher than 200° C.

5. A method according to claim 1, further comprising mak-
ing a plurality of piezoceramic pressure sensors integral with
said first surface and arranging the plurality of sensors in a
spaced apart configuration as a symmetric array, so as to
discretely occupy the whole of said first surface, at least one
of said sensors being provided to respond to forces that are
transverse to a direction of application in use of the pressure
onto the braking element; said plurality of sensors being
connected to one another and to at least one of said connector
by means of said electrical circuit, which is obtained directly
onto the first surface before integrating therein said plurality
of sensors.

6. A method according to claim 5, said electrical circuit
further comprising means for processing voltage or electric
charge signals produced by said plurality of piezoceramic
sensors.

7. A method according to claim 1, wherein the said polar-
izing/re-polarizing step of the at least one piezoceramic sen-
sor is carried out by applying a potential difference of
between 0.1 and 5 kV for a predetermined time period
between 5 and 10 seconds using said connector, said potential
difference being applied to opposing sensor electrode poles
for each millimeter of thickness of piezoceramic material of
which the sensor is made, as measured in the polarization
direction of the sensor itself.

8. Method as claimed in claim 1, wherein an electric cable
terminated by said connector is provided integral with said
metal support element to connect said electrical circuit with
said connector.

9. A braking element with an integrated sensor, compris-
ing:

a metal support element;

a dampening and thermally insulating layer arranged on
one side of a first surface of the metal support element
intended during use to face towards a vehicle element to
be braked;

a block of friction material held stiff by the metal support
element on one side of said first surface and above said
dampening and thermally insulating layer;

at least one piezoceramic pressure sensor made of a piezo-
ceramic material having a Curie temperature higher than
200° C., which has been directly made integral with and
onto the first surface of the metal support element;

an electrical circuit for picking up the electrical signal
emitted by the at least one piezoceramic sensor and
optionally processing it, provided so as to be in contact
with the first surface and connected to a connector,
which is made integral with said metal support element;
and

a continuous or discontinuous electrically insulating layer
arranged directly onto said first surface and directly
underneath said dampening and thermally insulating
layer, said at least one sensor and said electrical circuit
being sandwiched between the first surface of the metal
support element and the electrically insulating layer,
with said block of friction material and the dampening
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and thermally insulating layer arranged thereon, in such
a manner that the at least one sensor is directly and
completely embedded within the dampening and insu-
lating layer with the interposition of the electrically
insulating layer; and said connector and electrical circuit
being adapted to be connected to a voltage generation
means in order to polarize said at least one sensor.

10. A braking element with an integrated sensor, compris-

ing:

a metal support element;

a dampening and thermally insulating layer arranged on
one side of a first surface of the metal support element
intended during use to face towards a vehicle element to
be braked;

a block of friction material held stiff by the metal support
element on one side of said first surface and above said
dampening and thermally insulating layer

at least one piezoceramic pressure sensor made of a piezo-
ceramic material having a Curie temperature higher than
200° C., which has been directly made integral with and
onto the first surface of the metal support element;

an electrical circuit for picking up the electrical signal
emitted by the at least one piezoceramic sensor and
optionally processing it, provided so as to be in contact
with the first surface and connected to a connector,
which is made integral with said metal support element;
and

a continuous or discontinuous electrically insulating layer
arranged directly onto said first surface and directly
underneath said dampening and thermally insulating
layer, said at least one sensor and said electrical circuit
being sandwiched between the first surface of the metal
support element and the electrically insulating layer,
with said block of friction material and the dampening
and thermally insulating layer arranged thereon, in such
a manner that the at least one sensor is directly and
completely embedded within the dampening and insu-
lating layer with the interposition of the electrically
insulating layer; and said connector and electrical circuit
being adapted to be connected to a voltage generation
means in order to polarize said at least one sensor. said
element being made in accordance with the method of
claim 1.

11. A vehicle braking system comprising:

at least one braking element with integrated sensor accord-
ing to claim 9;

a central processing unit removably connected to said elec-
trical circuit and to the at least one piezoceramic sensor
by means of said connector and said electrical cable;

a vehicle element to be braked and arranged such that the
vehicle element faces at least said one braking element;

actuating means of the braking element for pressing said
block of friction material of the braking element against
the vehicle element to be braked;

support means for the at least said one braking element and
for said actuating means; and wherein said at least one
braking element comprises a plurality of piezoceramic
sensors in a spaced apart arrangement according to a
symmetrical array, individually activatable; said electri-
cal circuit of the at least one braking element optionally
comprising means for processing voltage or electric
charge signals generated and emitted by said piezocer-
amic sensors; and said braking system further compris-
ing means for controlling the actuation means in
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response to an electrical signal being emitted in response
to the activation of one or more of said plurality of
piezoceramic sensors.

12. A vehicle braking system comprising:

at least one braking element with integrated sensor accord-
ing to claim 9;

a central processing unit removably connected to said elec-
trical circuit and to the at least one piezoceramic sensor
by means of said connector and said electrical cable;

a vehicle element to be braked and arranged such that the
vehicle element faces at least said one braking element;

actuating means of the braking element for pressing said
block of friction material of the braking element against
the element to be braked;

a support means for at least said one braking element and
for said actuating means; and

signaling means which can be activated in response to an
electrical signal emitted by said at least one piezocer-
amic sensor in the absence of activation of the actuating
means.

13. A braking system according to claim 11, further com-
prising capacitor means associated with said central process-
ing unit which, at least with the vehicle moving, are main-
tained in an electrically charged state by the central
processing unit by means of a battery of the vehicle, and
which is capable, under the control of the central processing
unit, of re-polarizing said at least one piezoceramic sensor or
said plurality of piezoceramic sensors in the case where the
central processing unit detects a fault or the absence of a
signal emitted by said electrical circuit arriving at the central
processing unit when the actuating means is active.

14. A braking system according to claim 12, further com-
prising capacitor means associated with said central process-
ing unit which, at least with the vehicle moving, are main-
tained in an electrically charged state by the central
processing unit by means of a battery of the vehicle, and
which is capable, under the control of the central processing
unit, of re-polarizing said at least one piezoceramic sensor or
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said plurality of piezoceramic sensors in the case where the
central processing unit detects a fault or the absence of a
signal emitted by said electrical circuit arriving at the central
processing unit when the actuating means is active.

15. A vehicle braking system control method comprising

the steps of:

1) providing at least one braking element with integrated
sensor according to claim 9 and comprising a plurality of
piezoceramic sensors that can be individually activated
and that are in a spaced apart configuration according to
a symmetrical array, and an electrical circuit connecting
said plurality of piezoceramic sensors to one another and
by means of said connector to a central processing unit,
said electrical circuit being configured to selectively:
comprising means for processing either voltage or elec-
tric charge signals emitted by said piezoceramic sensors;
and to separately supply the electrical signal emitted by
each sensor;

ii) processing the electrical signal supplied by at least one
of said electrical circuit and each sensor in response to
the activation of said one or more piezoceramic sensors;

iii) detecting whether or not the braking system has been
activated;

iv) in the negative case, activating one of a signaling means
and the actuating means of the at least one braking
element with integrated sensor so as to retract it away
from a vehicle element to be braked; and

v) in the positive case, further processing said electrical
signal in order to determine whether the vehicle is brak-
ing abnormally, when the braking is abnormal, detecting
the pressure at which the actuating means is pushing said
at least one braking element with integrated sensor
against the vehicle element to be braked and making an
intervention upon the actuating means in order to change
such pressure, and when the braking is not abnormal
using such a processed signal with the aim of optimizing
the overall braking action.

#* #* #* #* #*
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