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Glazing having sensors

This invention relates to a glazing, e¢.g. a window, having sensors
responsive to physical changes, e.g. responsive to physical impact, and more
particularly, to an automotive window, e.g. an automotive windshield having

sensors to monitor the breakage in real time.

Automotive glazing, e¢.g. automotive windshields include a
laminate of plastic layers or sheets, glass layers or sheets and combinations
thereof. The layers of an inner part of the windshield face the interior of the
automotive and provide structural stability to the windshield. The outer part of the
windshield faces the exterior of the automotive and usually includes a laminate of
glass sheets. The outer part of the windshield, which can also provide structural
stability is usually provided with accessories for visual acuity. For example and
not limiting to the discussion, the accessories can included an electrically
conductive coating, or a plurality of electrically conductive wires, between and
connected to a pair of spaced bus bars to heat the windshield to prevent the
formation of, and/or remove fog and ice on and/or from, respectively, the outer

surface of the windshield.

As is appreciated by those skilled in the art, as the service time of
the automotive windshield increases, the operating efficiency of the windshield
decreases until such time that the accessories of the windshield become non-
functional, and the windshield needs to be replaced or repaired. It particularly the
case when the glazing has undergone an impact. Untimely response to repair
defects when they begin, decreases the operating efficiency of the glazing and can
result in the need for emergency maintenance, ¢.g. repair or replacement. It would
be advantageous, therefore, to provide a glazing having sensors to monitor

physical changes such as impact so that the repair, or replacement.
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This invention relates to an automotive glazing comprising a
laminated glazing, comprising at least a first and a second glass sheets laminated
with at least on thermoplastic interlayer, the glazing having at least one sensor
selected from the group of a sensor for detecting impacts to, or vibration of, the
glazing; a sensor for detecting a fracture in one or more of the sheets; or a
combination thereof, wherein the sensor is mounted to monitor modification of
physical properties and to generate a signal representative of the said modification
of physical properties, the sensor being connected to an electrical connector, to

provide external access to the signal generated by the sensors.

According to one non-limiting embodiment, the at least one sensor
selected from the group of a sensor for detecting impacts to, or vibration of, the
glazing; a sensor for detecting a fracture in one or more of the sheets; or a
combination thereof is mounted on a surface of one of the glass sheets between

the first and the second surfaces of the glazing.

According to another non-limiting embodiment, the at least one
sensor selected from the group of a sensor for detecting impacts to, or vibration
of, the glazing; a sensor for detecting a fracture in one or more of the sheets; or a
combination thereof is mounted on an edge of the glazing mounted on a surface of

one of the glass sheets between the first and the second surfaces of the glazing.

As used herein, spatial or directional terms such as "inner", "outer",
"left", "right", "up", "down", "horizontal", "vertical”, and the like, relate to the
invention as it is shown in the drawing on the figures. However, it is to be
understood that the invention can assume various alternative orientations and,
accordingly, such terms are not to be considered as limiting. Further, all numbers
expressing dimensions, physical characteristics, and so forth, used in the
specification and claims are to be understood as being modified in all instances by
the term "about". Accordingly, unless indicated to the contrary, the numerical
values set forth in the following specification and claims can vary depending upon

the property desired and/or sought to be obtained by the present invention. At the
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very least, and not as an attempt to limit the application of the doctrine of
equivalents to the scope of the claims, each numerical parameter should at least be
construed in light of the number of reported significant digits and by applying
ordinary rounding techniques. Moreover, all ranges disclosed herein are to be
understood to encompass any and all subranges subsumed therein. Also, as used
herein, the term "positioned over" or "mounted over" means positioned on or
mounted over but not necessarily in surface contact with. For example, one article
or component of an article "mounted over' or positioned over" another article or
component of an article does not preclude the presence of materials between the

articles, or between components of the article, respectively.

Before discussing several non-limiting embodiments of the
invention, it is understood that the invention is not limited in its application to the
details of the particular non-limiting embodiments shown and discussed herein
since the invention is capable of other embodiments. Further, the terminology
used herein to discuss the invention is for the purpose of description and is not of
limitation. Still further, unless indicated otherwise, in the following discussion

like numbers refer to like elements.

Non-limiting embodiments of the invention will be directed to an
automotive laminated transparent glazing, and in particular to an automotive
windshield. The invention, however, is not limited to any particular type of
automotive glazing. Still further, the invention is not limited to the material of the
layers or sheets of the glazing, and the layers or sheets can be made of, but not
limited to, cured and uncured plastic sheets; annealed, heat strengthened, and heat
and chemically strengthened, clear, colored, coated and uncoated glass sheets.
Still further the invention can be practiced on windows having opaque sheets, ¢.g.

glass sheets having an opaque coating, and combinations thereof.

The windshield may include a first glass sheet laminated to a

second glass sheet by a first interlayer.
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The windshield or the glazing may be provided with heat to remove

fog from, and/or to melt ice on, the outer surface of the windshield or the glazing.

Generally the glass sheets of the windshield are clear may be
chemically strengthened glass sheets; however, the invention is not limited
thereto, and the glass sheets can be heat strengthened or heat tempered glass
sheets. Further as is appreciated, the invention is not limited to the number of
glass sheets, thermoplastic interlayers that make up the windshield and the

windshield can have any number of sheets and/or interlayers.

The invention is not limited to the design and/or construction of the
heatable member, and any electrically conductive heatable member used in the art
to heat a surface of a sheet to melt ice on, and/or remove fog from the surface of
the sheet can be used in the practice of the invention. The heatable member may
include a glass sheet having a conductive coating applied to surface of the glass
sheet, and a pair of spaced bus bars in electrical contact with the conductive
coating. The invention is not limited to the composition of the conductive coating,
for example and not limiting to the invention the conductive coating can be made

from any suitable electrically conductive material.

The discussion is now directed to the placement of sensors or
detectors on selected components of the windshield, to monitor the breakage
and/or performance of the selected components of the windshield, in accordance

to the teachings of the invention.

In one non-limiting embodiment of the invention, the windshield is
provided with an impact sensor or detector that generates a signal when an object
hits or impacts the windshield, e.g. but not limiting to the invention, hits the outer
surface of the windshield. For example and not limiting to the invention, as the
automotive foreign objects, ¢.g. stones are propelled through the air and can hit
the outer surface of the windshield. The impact detector mounted a sheet of the
windshield can be used to indicate that one or more foreign objects have hit the

windshield, and optionally the location on the outer surface where the hit or
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impact occurred and the relative energy of the impact on the surface of the
windshield. Furthermore, a software may be linked to the impact sensor thus, if an
stone or an object hits the glazing , the importance of the shock may be monitored
in order to detect if the glazing have to be replaced or just repaired. The software
may for example offers a list of glazing advantageous for the car’s owner for
example to enhance performances of the glazing (weight, thermic comfort, save

energy consumption...).

In one non-limiting embodiment of the invention, one or more
impact sensors or detectors are mounted adjacent each one of the sides of the glass
sheet. In this non-limiting embodiment of the invention, each of the impact
detectors include a piezoelectric material, e.g. but not limited to a piezoelectric
crystal. When the piezoelectric material is exposed to vibration, e.g. vibration of
the glass sheet caused by a stone hitting the outer surface of the glass sheet, the
piczoelectric material undergoes a compression or distortion and, as a result,
produces an electric field, which can be used to activate or to cause an alarm
and/or a recorder to be activated to announce and/or record the hit or impact.
Further, using three or more impact detectors the location of the impact on the

surface of the windshield can be identified, as discussed below.

In one preferred embodiment of the invention, one or more sensors
or detectors are resisting to a temperature above 140°C and preferably are

resisting to a temperature of 150°C or more.

In one preferred embodiment of the invention, one or more sensors

or detectors are microphone sensors or detectors.

The heatable member may have one of the impact detectors
mounted adjacent one of the sides, respectively of the glass sheet. The detectors
are mounted on the conductive coating and may have electrical contact of the
detectors electrical connected to the conductive coating and to the console and
the positive pole of the power supply by way of wires, respectively. In this

manner, the power to the detectors is provided by the power supply monitored by
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the comparator in the console. As can be appreciated, the invention is not limited
to the manner in which power is provided to the detectors and any circuit
arrangement can be used in the practice of the invention, ¢.g. and not limiting to
the invention one electrical contact of the detectors can be mounted on any one or
more of the sheets of the windshield and directly connected to one pole of a power
supply dedicated to providing electrical power to the detectors and the other
contact of the detectors connected to the other pole of the dedicated power supply.
As can be appreciated, the invention is not limited to the type of power supply
used in the practice of the invention and the power supply can generate alternating

or direct current.

The piezoelectric material of the detectors undergoes a
compression or distortion when the windshield is vibrated, e.g. an object hits the
outer surface of the windshield. The vibration of the piezoelectric crystal of the
detectors produces an electric field or current which is sent along one or more of
wires of the detectors , respectively to the console . The console is provided with
data processing equipment, ¢.g. software which analysis the signal forwarded
along the glazing to determine the location of the impact by triangulation of the
signals from selected ones or all of the detectors, and the magnitude of the impact,
¢.g. by the magnitude of the electric field, and stores the information and use it as
previously mentioned. Electronic circuitry for electric file of impact detectors, e.g.
piezoelectric crystal is well known in the art, and no further discussion is deemed
necessary. In another non-limiting embodiment of the invention, signals from the
detectors that exceed a predetermined amount of current are displayed on the
console to indicate that a visual inspection of the outer surface of the windshield
should be made, and/or the windshield repaired, e.g. at the next scheduled stop of
the automotive, and optionally can be forwarded to a control center in a manner
discussed below to schedule any needed repairs. The information may be
forwarded directly to our smartphone in order for example to inform the driver of
the nearest center to replace the glazing or which kind of glazing will be more

adapted to the automotive regarding the energy consumption, thermic comfort....
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In the following discussion, the rupture or crack detector, or sensor,
will be used in the practice of the invention, however, as is appreciated, the
invention is not limited thereto and any of the crack sensors or detectors known in
the art can be used in the practice of the invention. The crack sensor may include
an electrically conductive strip extending along or around substantially the entire
outer periphery of a major surface of one of the sheets of the windshield. The
conductive strip may be mounted over the electrically conductive layer of the
glass sheet, surrounds the bus bars , and electrically isolated from the conductive
coating by an electrically insulating layer, e¢.g. an electrically non-conductive

coating layer.

The conductive strip can be embedded in the interlayers between
the sheets as long as the conductive strip is in contact with its respective one of
the sheets in a manner that will break or disrupt the conductive strip in the event
the surface of the glass sheet having the conductive strip cracks. In order to
enhance identifying the rupture location on the surface, multiple conductive strips
can be placed in a grid or array pattern over the major surface of the sheets, or
optionally an array pattern can be used adjacent the periphery of the sheets so as

not to minimize reducing the vision area of windshield.

One non-limiting embodiment of the invention is to monitor the
performance of the transparency of the invention and to timely schedule
maintenance of, e.g. repairs to, or replacement of, transparencies, ¢.g. automotive
windshields that are performing outside acceptable limits. The windshield of the
invention can have one or more of the impact, rupture, temperature and/or
moisture sensors or detectors, e¢.g. but not limited to the types discussed above.
The wires from the sensors having signals carrying data regarding the
performance of components of the windshield are connected to one part of a
connector, e.g. an electrical output connector. The output connector is not limiting
to the invention and can be any of the types used in the art to provide external
electrical access to an electric device embedded within a laminate. The output

connector is connected to an input electrical connector, e.g. other part of the
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connector, connected to the console by a cable. In one non-limiting embodiment
of the invention, the console includes a computer having software to read and
analyze the signals from the sensors or detectors to monitor and/or determine the
performance of the components of the windshield. Monitor provides visual
display, and speaker provides audible information regarding the performance of
the windshield, and/or individual components of the windshield. The console can
include an alarm to bring attention to the monitor. Placing the console in the
automotive provides the personnel within the automotive with real time
performance of the windshield. The information may advantageously be transfer

to driver’s smartphone.

In another non-limiting embodiment of the invention, the console
has a wireless transmitter and receiver; the transmitter transmits signals to a
transmitting tower. The signals carry data on the performance of the windshield.
The tower transmits a signal carrying the data on the performance of the
windshield to a satellite. The satellite transmits a signal carrying the data on the
performance of the windshield to a control center. The data received is studied
and the appropriate action to be taken is scheduled. In one non-limiting
embodiment of the invention, based on the information received, personnel at the
control center determine what action, if any, is needed. If action such as repairs to
the windshield or replacement of the windshield, is needed, a signal providing a
repair schedule is transmitted to the satellite. The satellite transmits a signal
having the repair schedule to the tower. The tower transmits a signal having the
repair schedule to the console and to a maintenance center geographically close to
the designated repair location usually the next scheduled stop for the automotive
to arrange to have all parts, equipment and personal need at the designated repair

location.

In one non-limiting embodiment of the invention, if the data from
the sensors indicate that the windshield has to be replaced, the repair schedule can
include shipment of the windshield to the next scheduled stop of the automotive;

if the windshield has to be replaced with some urgency.
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presented and discussed above which are presented for illustration purposes only,
and the scope of the invention is only limited by the scope of the following claims
and any additional claims that are added to applications having direct or indirect

5  linage to this application.



WO 2018/108793 PCT/EP2017/082184

10

15

20

25

10

Claims

1. An automotive glazing comprising a laminated glazing,
comprising at least a first and a second glass sheets laminated with at least on
thermoplastic interlayer, the glazing having at least one sensor selected from the
group of a sensor for detecting impacts to, or vibration of, the glazing; a sensor for
detecting a fracture in one or more of the sheets; or a combination thereof,
wherein the sensor is mounted to monitor modification of physical properties and
to generate a signal representative of the said modification of physical properties,
the sensor being connected to an electrical connector, to provide external access to

the signal generated by the sensors.

2. The glazing according to claim 1 wherein the sensor is mounted
on a surface of one of the glass sheets between the first and the second surfaces of
the glazing, to monitor modification of physical properties and to generate a
signal representative of the said modification of physical properties, wherein the
sensor is connected to an electrical connector, to provide external access to the

signal generated by the sensors.

3.  The glazing according to claim 1 wherein the sensor is mounted
on an edge of the glazing to monitor modification of physical properties and to
generate a signal representative of the said modification of physical properties,
wherein the sensor is connected to an electrical connector, to provide external

access to the signal generated by the sensors.

4.  The glazing according to claim 1 or 2 wherein the sensor is
mounted on the internal face of the laminated glazing to monitor modification of
physical properties and to generate a signal representative of the performance of
the at least one of the properties, wherein the sensor is connected to an electrical

connector, to provide external access to the signal generated by the sensors.

5.  The glazing according to anyone of preceding claims wherein
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the windshield comprises a heating arrangement comprising an electrically
conductive member and a pair of spaced bus bars in electrical contact with the
conductive member, wherein a portion of the conductive member is one of the

electrodes of the sensor.

6. The glazing according to claim 1 comprising a sensor for
detecting impacts to, or vibration of, the glazing being defined as an impact
sensor, wherein the impact sensor is mounted on a first major surface of one of the
sheets of the glazing, wherein the impact sensor comprises a first electrode and a
second electrode wherein the first electrode and the second electrode is connected

to the connector.
7. A vehicle, comprising:

- the glazing according to any one of claims 1 to 6 mounted in the

body of the vehicle, and

- a system positioned in the vehicle to receive the signal from the
combination of sensors, to determine modification of physical properties of the
glazing, and to generate an alert signal when the glazing has to be repaired or

replaced.

8.  The vehicle according to claim 7, wherein the system receiving

the signal from the sensors transmits a signal to a smartphone..

9. The vehicle according to claim 8, wherein the system receiving

the signal from the sensors transmits a signal to a system outside of the vehicle.
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