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(54) Improvements in and relating to crack detectors for electrically heated windows

(57)  There is disclosed a crack detector (30) for a
glazing (2) comprising a heatable layer (8), the detector
(30) comprising a resistance measurer (32) arranged to
repeatedly measure a resistance of the heatable layer
(8) of the glazing (2) and to output a resistance value; a
threshold determiner (38) arranged repeatedly to deter-

mine a threshold resistance indicative of a resistance of
the heatable layer (8) characteristic of a crack, which
threshold resistance is determined based on a plurality
of the previous resistance values; and a comparator (40)
arranged to compare the threshold resistance with the
measured resistance value, thereby to determine if a
crack is present.
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Description

[0001] The present invention relates to crack detec-
tors, to glazings, especially vehicle glazings, coupled to
such crack detectors and to methods of detecting cracks.
[0002] Itis known to provide a glazing, for example a
windshield in a vehicle, with an electrically conductive
coating to which electrical current can be applied for heat-
ing. This has the advantage that condensation, frost or
ice can be either discouraged or removed from the glaz-
ing by such heating. Such glazings may be found in cars,
trucks, lorries, vans, in the railway and aircraft industries,
and also in items such as chiller cabinets.

[0003] There is, however, a problem in using such a
glazing if damage in the form of a crack or the like devel-
ops in that excessive heating can arise around the crack
site due to electrical current concentrations. This tem-
perature build up can lead to the melting and possibly
combustion of adjacent plastics layers risking delamina-
tion of the glazing and there are fears that it could harm
a user if they were to touch a hot area. Accordingly, it is
desirable to detect such cracks before these problems
can occur.

[0004] US 4,565,919 discloses a crack detector sys-
tem for an electrically conductive windshield. The wind-
shield incorporates an electrically conductive layer to
which a current can be applied for heating. The system
monitors the resistance of the conductive element and
interrupts the power applied thereto when the resistance
ofthe conductive element exceeds a predetermined fixed
threshold value indicative of element cracking.

[0005] However, itis now known that the resistance of
such conductive elements used in vehicle windshields
varies over time. This variation can be to increase or de-
crease the resistivity or to do one then the other. It is,
apparently, neither unidirectional nor, presently, predict-
able. Also because of the tolerances in manufacturing
vehicle windshields, no two windshields are identical,
which means that the resistance of a conductive element
will often vary from windshield to windshield. Accordingly,
a fixed resistance threshold is not believed to be the best
measure of whether a crack in a windshield is causing a
hotspot.

[0006] It is an aim of preferred embodiments of the
present invention to provide an improved crack detector,
an improved glazing coupled to such crack detectors and
a method of crack detection for glazings incorporating a
heatable layer.

[0007] According to the present invention in a first as-
pect, there is provided a crack detector for a glazing com-
prising a heatable layer, the detector comprising a resist-
ance measurer arranged to repeatedly measure a resist-
ance of the heatable layer of the glazing and to output a
resistance value; a threshold determiner arranged re-
peatedly to determine a threshold resistance indicative
of a resistance of the heatable layer characteristic of a
crack, which threshold resistance is determined based
on a plurality of the previous resistance values; and a

10

15

20

25

30

35

40

45

50

55

comparator arranged to compare the threshold resist-
ance with the measured resistance value, thereby to de-
termine if a crack is present. Such a crack detector is
effectively self-calibrating, which is advantageous be-
cause it may be used with a number of different glazings,
even though there may be variation in the resistance of
the heatable layers of each of them as a result of man-
ufacturing tolerances.

[0008] Suitably, a crack is determined to be present if
the current measured resistance value is greater than
the threshold resistance.

[0009] Suitably, the detector comprises a data logger
arranged to store a plurality of resistance values output
from the resistance measurer.

[0010] Suitably, the crack detector comprises a timer
arranged to activate the resistance measurer atintervals.
Suitably, the intervals are regular intervals. Thus periodic
tests of the heatable layer can be made.

[0011] Suitably, the crack detector is arranged where-
by when first energised after a predetermined delay a
resistance measurement is made by the resistance
measurer. This enables the resistance of the heatable
layer to stabilise.

[0012] Suitably, the threshold resistance is determined
based on the resistance values of a predetermined
number of previously measured resistance values. Suit-
ably, the previous resistance values are a number of im-
mediately preceding resistance values. In this way the
threshold resistance will change over time and older data
will be dropped. Suitably, if it is determined that a resist-
ance value exceeds the threshold resistance value, the
exceeding resistance value is excluded from the resist-
ance values used for determining the resistance thresh-
old. Suitably, the threshold resistance is determined as
an average of a number of resistance values. Suitably,
the average is of at least ten resistance values.

[0013] Suitably, if the predetermined number of resist-
ance values is not present, it is determined whether the
measured resistance is grossly unreasonable, in which
case it is determined that a crack is present.

[0014] Suitably, the threshold resistance is at least
0.001% above the average resistance value. Suitably,
the threshold resistance is at least 0.01% above the av-
erage resistance value. Suitably, the threshold resist-
anceis atleast0.1% above the average resistance value.
[0015] Suitably, the crack detector is arranged where-
by the measured resistance value is temperature nor-
malised before a comparison is made with the threshold
resistance. The heatable layer may have a temperature
coefficient a of resistance. This may be used to compen-
sate and normalise the measured resistance value for
the temperature according to the equation (1):

R0=RT/(dT+1)

where:
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T is the temperature (in °C) at which the resistance
is determined,;

Ry is the resistance measured at temperature T,

a is the temperature coefficient of resistance; and
R is the corresponding resistance value at temper-
ature 0°C.

[0016] Suitably, the crack detector comprises a tem-
perature sensor arranged to measure the ambient tem-
perature outside a vehicle carrying the crack detector.
[0017] Suitably the glazing is a laminate comprising
two plies of glazing material having a ply of interlayer
material extending therebetween, and the temperature
sensor is provided within the laminate.

[0018] Suitably, if a crack is detected a driver informa-
tion and communication unit of a vehicle carrying the
crack detector is arranged to carry out at least one of the
following operations:

a) locate the current position of the vehicle;

b) signal the location of an appropriate glazier;

c) provide directions to an appropriate glazier;

d) summon a repair service to the location of the
vehicle or other suitable location;

e) activate a warning light;

f) supply the telephone number of a glazier local to
the vehicle; and/or

g) switch off the power supply to the glazing.

[0019] According to the present invention in a second
aspect, there is provided a vehicle glazing coupled to a
crack detector according to the first aspect of the present
invention.

[0020] According to the present invention in a third as-
pect, there is provided a method of detecting cracks in a
glazing comprising a heatable layer, the method com-
prising the steps of repeatedly measuring a resistance
of the heatable layer of the glazing and outputting a re-
sistance value; repeatedly determining a threshold re-
sistance indicative of a resistance of the heatable layer
characteristic of a crack, which threshold resistance is
determined based on a plurality of the previous resist-
ance values; and comparing the threshold resistance
withthe measured resistance value, thereby to determine
if a crack is present.

[0021] Suitably, a crack is determined to be present if
the current measured resistance value is greater than
the threshold resistance.

[0022] Suitably, the method comprises the step of stor-
ing a plurality of resistance values output from the resist-
ance measurer.

[0023] Suitably, the resistance measurer is activated
at intervals. Suitably, the intervals are regular intervals.
Thus periodic tests of the heatable layer can be made.
[0024] Suitably, when first energised after a predeter-
mined delay a resistance measurement is made by the
resistance measurer. This enables the resistance of the
heatable layer to stabilise.
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[0025] Suitably, the threshold resistance is determined
based on the resistance values of a predetermined
number of previously measured resistance values. Suit-
ably, the previous resistance values are a number of im-
mediately preceding resistance values. In this way the
threshold resistance will change over time and older data
will be dropped. Suitably, if it is determined that a resist-
ance value exceeds the threshold resistance value, the
exceeding resistance value is excluded from the resist-
ance values used for determining the resistance thresh-
old. Suitably, the threshold resistance is determined as
an average of a number of resistance values. Suitably,
the average is of at least ten resistance values.

[0026] Suitably, the threshold resistance is at least
0.001% above the average resistance value. Suitably,
the threshold resistance is at least 0.01% above the av-
erage resistance value. Suitably, the threshold resist-
anceis atleast0.1% above the average resistance value.
[0027] Suitably, if the predetermined number of resist-
ance values is not present, it is determined whether the
measured resistance is grossly unreasonable, in which
case it is determined that a crack is present.

[0028] Suitably, the measured resistance is tempera-
ture normalised before a comparison is made with the
threshold resistance, as described earlier.

[0029] Suitably, if a crack is detected a driver informa-
tion and communication unit of a vehicle carrying the
crack detector carries out at least one of the following
operations:

a) locate the current position of the vehicle;

b) signal the location of an appropriate glazier;

c) provide directions to an appropriate glazier;

d) summon a repair service to the location of the
vehicle or other suitable location,

e) activate a warning light;

f) supply the telephone number of a glazier local to
the vehicle; and/or

g) switch off the power supply to the glazing.

[0030] The presentinvention will now be described, by
way of example only, with reference to the drawings that
follow; in which:

Figure 1 is a plan view of a vehicle windshield glaz-
ing;

Figure 2 is a truncated cross-section of the glazing
of Figure 1 on the line II-1l with some layers enlarged
in scale for ease of reference;

Figure 3is a schematic illustration of a crack detector
according to the present invention; and

Figure 4 is a functional flow diagram of a method of
operation of the crack detector of Figure 3, and a
method of crack detection according to the present
invention.

[0031] Referring to Figures 1 and 2 of the drawings
that follow, there is shown a laminated glazing 2, which
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may be a vehicle windshield, comprising an outer ply of
glazing material 4, an inner ply of glazing material 6, a
heatable conductive layer or coating 8 and a ply of plas-
tics material 10 such as polyvinyl butyral, or polyethylene
terephthalate interleaved between two plies of polyvinyl
butyral. The heatable conductive layer or coating 8 may
be provided on an inner surface of one of the plies of
glazing material 4,6 (i.e. on a surface facing into the lam-
inate), or on a surface of the ply of plastics material 10.
The glazing material may be glass or a plastics material
such as polycarbonate. The polyvinyl butyral ply acts as
an interlayer which bonds the plies of glazing material
together and, for glass plies, minimises the risk of the
glazing shattering dangerously.

[0032] On the heatable layer 8 is provided an upper
busbar 12 and a lower busbar 14. The busbars also pro-
vide exposed connectors 16, 18 for connection to a power
supply (not shown) for heating and a crack detector as
described below. The heatable conductive layer or coat-
ing 8 may be partitioned into two or more separate heat-
ing zones, each having its own busbars, and possible
even its own crack detector.

[0033] The heatable layer 8 typically consists of an
electrically conductive metal or doped oxide based layer.
Such a glazing 2 is well known in the art.

[0034] Referringto Figure 3 of the drawings that follow,
there is shown a crack detector 30, which comprises a
resistance measurer 32, a timer 34, a data logger 36, a
threshold determiner 38, a comparator 40, atemperature
sensor 42, a control device 44, a driver interaction unit
46, switch 48 and communication unit 56.

[0035] Resistance measurer 32 can measure the re-
sistance of the heatable layer 8 by any known method.
[0036] Timer 34 consists of a digital timer that can be
used for a variety of purposes as set out below.

[0037] Data logger 36 typically comprises a random
access memory data storage module. Data from the data
logger 36 may be downloaded, using a suitable data
downloader, by selected third parties, for example the
vehicle manufacturer or a glazing manufacturer, so that
each can access information regarding the durability and
longevity of the glazing carrying a crack detector.
[0038] Threshold determiner 38 is embodied in a mi-
croprocessor for calculating a resistance threshold at
which a crack is likely in the heatable layer 8.

[0039] Comparator 40 is also embodied in the micro-
processor used for threshold determiner 38.

[0040] Temperature sensor 42 measures the ambient
temperature outside the vehicle using a thermometer, a
thermistor or a thermocouple. Whichever one or more of
these temperature measuring means is used may be pro-
vided in the glazing, i.e. within the laminate. Alternatively
or additionally a thermometer, a thermistor or a thermo-
couple could be on or near the windshield 2.

[0041] Control device 44 is typically embodied in the
microprocessor used for threshold determiner 38 and is
coupled to a switch 48 for disconnecting the heatable
layer 8 from a power source (not shown).

10

15

20

25

30

35

40

45

50

55

[0042] Interaction unit 46 in this embodiment compris-
es an alert light 50 provided on the vehicle dashboard or
adjacent to the monitored glass. Additionally the interac-
tion unit can include a Global Positioning System (GPS)
device 54.

[0043] Communication unit 56 can transmit informa-
tion from the vehicle to a glazing or car service centre.
The communication unit can also receive information to
update the database of contacts, address and telephone
numbers. The communication unit 56 is configured au-
tomatically to use a cellular telephone network where
available for communication.

[0044] A mode of operation of the crack detector 30
according to the present invention will now be described
with reference to Figure 4 of the drawings that follow.

[0045] A vehicle engine (not shown) is started at step
98.
[0046] In step 100, when the engine is started up, the

crack detector is first energised, assuming that it is al-
ready switched on when the engine is started (the crack
detector being provided with an on/off switch (not
shown)). At step 101, temperature sensor 42 measures
the temperature. This is an optional operation, used if
temperature normalisation is utilised (see below). At step
102 a test current or voltage (not necessarily the full cur-
rent or voltage) is passed through the heatable layer 8
of the windscreen long enough for the current or voltage
to stabilise, which is typically within about 30 seconds
(measured by timer 34). Resistance measurer 32 meas-
ures the resistance of the heatable layer 8 and outputs
a resistance value to data logger 36.

[0047] Threshold determiner 38 then in step 104
checks whether data logger 36 has the required minimum
predetermined number of resistance value entries. In this
embodiment ten entries are required though this can be
varied for different applications and requirements.
[0048] If there are not the required minimum number
of resistance value entries (follow arrow 60), step 105
determines if the measured resistance is grossly unrea-
sonable. In this embodiment a grossly unreasonable re-
sistance value may be taken at >2.00 Ohms (though this
clearly can be modified as desired according to the size
of windscreen). If the measured resistance value is
grossly unreasonable then it is determined that there is
a likelihood of there being a crack in the heatable layer
8 (follow arrow 63), following which in step 111 control
device 44 activates switch 48 to disconnect the heatable
layer 8 from the power source and activates driver inter-
action unit 46 to light the alert light 50 on the vehicle
dashboard to draw the driver’'s attention to the problem
so that appropriate remedial action can be taken.
[0049] If step 105 determines that the measured re-
sistance is not grossly unreasonable (follow arrow 62),
then the resistance valueis included in the list of historical
measurements in step 112.

[0050] If the ten resistance value entries are available
(follow arrow 61), in step 106 threshold determiner 38
averages the last ten values to generate an average re-
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sistance value.

[0051] Thethresholdresistance canbe setinanumber
of ways. Currently, according to the present embodiment
it is set as 0.01% above the average resistance value (in
some embodiments this can be as low as 0.001%, as
high as 0.1%, or any value in between).

[0052] Once an initial average resistance value has
been calculated by the threshold determiner 38, each
time aresistance value is measured by resistance meas-
urer 32, in step 108 the value is compared by comparator
40 againstthe average resistance value to see if athresh-
old resistance is exceeded.

[0053] Ifaninputresistance value exceeds the thresh-
old resistance determined by threshold determiner 38,
as determined by comparator 40, it is determined that
there is a likelihood of there being a crack in the heatable
layer 8, following which from step 110 (follow arrow 64),
in step 111 control device 44 activates switch 48 to dis-
connect the heatable layer 8 from the power source and
activates driver interaction unit 46 to light the alert light
50 on the vehicle dashboard to draw the driver’s attention
to the problem so that appropriate remedial action can
be taken.

[0054] Ifthe resistance value received from resistance
measurer 32 does not exceed the threshold resistance
calculated by threshold determiner 38 (follow arrow 65),
the input resistance value is included in the list of histor-
ical measurements in step 112. If the resistance value
exceeds the threshold resistance, the resistance value
is not used in the historical list for generating an average
value.

[0055] When the new value is within the threshold re-
sistance, if windscreen heating has been requested by
a user (step 113 - follow arrow 66) the windscreen is
continued to be powered (step 114), until it is decided
that power is no longer required (follow arrow 67). If wind-
screen heating has not been requested, follow arrow 68.
In step 116, the apparatus waits a predetermined time,
measured by timer 34 before returning to step 102.
[0056] The crack detector 30 repeats the resistance
measurement at intervals and the flow chart continues
from step 102. Normally, there will be aregular resistance
value measurement every 30 minutes (though this clearly
can be modified as desired) as set by timer 34 (step 116).
If, when a resistance measurement is to be made, the
heatable layer 8 is not currently heated then a test current
or voltage is applied to the heatable layer for a period
sufficient to allow the resistance heatable layer to stabi-
lise, which in this embodiment is 30 seconds.

[0057] The threshold resistance value used by the
crack detector 30 to determine whether a crack is likely
to be present varies according to the resistance values
obtained over time from measurements made of the heat-
able layer 8. It follows that, if there is a slow drift of the
resistance of the heatable layer 8, with time there will,
accordingly, be a corresponding change in the average
resistance value and hence the threshold determined for
deciding whether a crack is present.
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[0058] Althoughitis notnecessary for allembodiments
of the present invention, an embodiment of the present
invention can use atemperature measurement from tem-
perature measurer 42 to improve the resistance thresh-
old as temperature can have some impact on the resist-
ance of the heatable layer 8 as determined by resistance
measurer 32.

[0059] In this embodiment the electrically conductive
coating has a temperature coefficient a of resistance of
approximately 0.001°C-1 (a is expected to lie in the range
0.01to0 0.0001°C-1). This can be used to compensate the
measured resistance value for temperature according to
the equation (1):

Ro=Ry/ (eT+1)

where:

T is the temperature (in °C) at which the resistance
is determined;

Ry is the resistance measured at temperature T,

o is the temperature coefficient of resistance; and
Ry is the corresponding resistance value at temper-
ature 0°C.

[0060] Ifthis option is used then, with reference to Fig-
ure 4 as an additional sub-stepin step 102, the resistance
is compensated for the measured temperature by being
normalised according to equation (1) above, using a pre-
determined value for a.

[0061] The value stored in the data logger is also ad-
justed in this manner such that all stored readings occur
at a common reference temperature.

[0062] In addition to step 111 in which the control de-
vice 44 activates the switch 48 to disconnect the heatable
layer 8 from the power source, disconnection may also
be achieved by a safety timer or switch (not shown) which
automatically switches off the power supply to the heat-
able layer 8 when it reaches a predetermined tempera-
ture or after a specified period of time.

[0063] In further embodiments of the present inven-
tion, if a crack is detected, the driver information unit can
be arranged to perform a variety of other actions.
[0064] In one embodiment, the driver interaction unit
can be coupled to a global positioning satellite (GPS)
system within the vehicle and/or a communication unit
using an in-car mobile phone. When a crack is detected
one or more of the following actions can be performed:

a) locating the current position of the vehicle;

b) signalling to the user the location of an appropriate
glazier;

c) providing to the user directions to an appropriate
glazier;

d) summoning a glazier to the location of the vehicle
by delivering an automated message; or
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e) providing a telephone number of a glazier local to
the vehicle

Option a) can be undertaken by using GPS 54.

in conjunction with any glazing which incorporates an
electrically conductive heating layer, coating or film
(whether on or within the glazing) of which the electrical
resistance may vary with time as well as due to damage.

Option b) can be undertaken by: 5
b1) locating the current position of the vehicle
as in option a); Claims
b2) using a satellite navigation database in- 1. Acrack detector for a glazing comprising a heatable
cluding glazing data to determine the loca- 10 layer, the detector comprising aresistance measurer
tion of a nearby glazier, and arranged to repeatedly measure a resistance of the
b3) signalling to the user, for instance via a heatable layer of the glazing and to output a resist-
satellite navigation display, the location of ance value; athreshold determiner arranged repeat-
the glazier. edly to determine a threshold resistance indicative
15 of a resistance of the heatable layer characteristic
Option c) can be undertaken by: of a crack, which threshold resistance is determined
based on a plurality of the previous resistance val-
c1) locating the current position of the vehi- ues; and a comparator arranged to compare the
cle as in option a); and threshold resistance with the measured resistance
¢2) using a satellite navigation database in- 20 value, thereby to determine if a crack is present.
cluding glazier data to provide directions to
a user for a nearby glazier. 2. A crack detector according to claim 1, in which a
crackis determined to be presentif the current meas-
Option d) can be undertaken by: ured resistance value is greater than the threshold
25 resistance.
dl) locating the current position of the ve-
hicle as in option a); 3. A crack detector according to claim 1 or claim 2, in
d2) locating anearby glazier using a satellite which the detector comprises a data logger arranged
navigation database including glazier data; to store a plurality of resistance values output from
d3) sending to the located glazier an auto- 30 the resistance measurer.
mated message including the location of the
vehicle. Other data that may optionally be 4. A crack detector according to any preceding claim,
included, some of which needs to be input in which the crack detector comprises a timer ar-
by a user, includes: ranged to activate the resistance measurer at inter-
35 vals.
* vehicle make and model; and
e contact telephone number for user. 5. A crack detector according to claim 4, in which the
intervals are regular intervals.
The automated message may be, for in-
stance, anautomated e-mailoravoicemes- 40 6. A crack detector according to any preceding claim,
sage, either of which can be transmitted via in which the crack detector is arranged whereby
the communication unit 56. when first energised after a predetermined delay a
resistance measurement is made by the resistance
Option e) can be undertaken by: measurer.
45
el) locating the current position of the ve- 7. A crack detector according to any preceding claim,
hicle as in option a); in which the threshold resistance is determined
e2) using a satellite navigation database in- based on the resistance values of a predetermined
cluding glazing data to determine the loca- number of previously measured resistance values.
tion of a nearby glazier; and 50
e3) providing to the user, for instance using 8. A crack detector according to claim 7, in which the
a satellite navigation display, a driver infor- previous resistance values are a number of imme-
mation display or a voice output, the tele- diately preceding resistance values.
phone number of the glazier.
55 9. A crack detector according to claim 7 or claim 8, in
[0065] While the crack detector of the invention has which if it is determined that a resistance value ex-
been described in connection with a vehicle windshield, ceeds the threshold resistance value, the exceeding
it will be appreciated that the invention may be employed resistance value is excluded from the resistance val-
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ues used for determining the resistance threshold.

A crack detector according to any of claims 7 to 9,
in which the threshold resistance is determined as
an average of a number of resistance values.

A crack detector according to claim 10, in which the
average is of at least ten resistance values.

A crack detector according to any of claims 7 to 11,
in which if the predetermined number of resistance
values is not present, it is determined whether the
measured resistance is grossly unreasonable, in
which case it is determined that a crack is present.

A crack detector according to any preceding claim,
in which the threshold resistance is at least 0.001 %
above the average resistance value.

A crack detector according to claim 13, in which the
threshold resistance is at least 0.01 % above the
average resistance value.

A crack detector according to claim 13 or claim 14,
in which the threshold resistance is at least 0.1 %
above the average resistance value.

A crack detector according to any preceding claim,
in which the crack detector is arranged whereby the
measured resistance value is normalised before a
comparison is made with the threshold resistance.

A crack detector according to claim 17, in which the
glazing is a laminate comprising two plies of glazing
material having a ply of interlayer material extending
therebetween.

A crack detector according to claim 17, in which the
detector comprises a temperature sensor arranged
to measure the ambient temperature outside a ve-
hicle carrying the crack detector.

A crack detector according to claim 18, in which the
temperature sensor is provided within the laminate.

A crack detector according to any preceding claim,
in which if a crack is detected a driver information
and communication unit of a vehicle carrying the
crack detector is arranged to carry out at least one
of the following operations:

a) locate the current position of the vehicle;

b) signal the location of an appropriate glazier;
c) provide directions to an appropriate glazier;

d) summon a repair service to the location of the
vehicle or other suitable location;

e) activate a warning light;

f) supply the telephone number of a glazier local
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to the vehicle; and/or
g) switch off the power supply to the glazing.

A vehicle glazing coupled to a crack detector accord-
ing to any of claims 1 to 20.

A method of detecting cracks in a glazing comprising
a heatable layer, the method comprising the steps
of repeatedly measuring a resistance of the heatable
layer ofthe glazing and outputting aresistance value;
repeatedly determining a threshold resistance indic-
ative of a resistance of the heatable layer character-
istic of a crack, which threshold resistance is deter-
mined based on a plurality of the previous resistance
values; and comparing the threshold resistance with
the measured resistance value, thereby to determine
if a crack is present.

A method of detecting cracks according to claim 22,
in which a crack is determined to be present if the
current measured resistance value is greater than
the threshold resistance.

A method of detecting cracks according to claim 22
or claim 23, in which the method comprises the step
of storing a plurality of resistance values output from
the resistance measurer.

A method of detecting cracks according to any of
claims 22 to 24, in which the resistance measurer is
activated at intervals.

A method of detecting cracks according to claim 25,
in which the intervals are regular intervals.

A method of detecting cracks according to any of
claims 22 to 26, in which when first energised after
a predetermined delay a resistance measurement is
made by the resistance measurer.

A method of detecting cracks according to any of
claims 22 to 27, in which the threshold resistance is
determined based on the resistance values of a pre-
determined number of previously measured resist-
ance values.

A method of detecting cracks according to claim 28,
inwhich the previous resistance values are a number
of immediately preceding resistance values.

A method of detecting cracks according to claim 28
or claim 29, in which if it is determined that a resist-
ance value exceeds the threshold resistance value,
the exceeding resistance value is excluded from the
resistance values used for determining the resist-
ance threshold.

A method of detecting cracks according to any of



32.

33.

34.

35.

36.

37.

38.
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claims 28 to 30, in which the threshold resistance is
determined as an average of a number of resistance
values.

A method of detecting cracks according to claim 31,
in which the average is of at least ten resistance val-
ues.

A method of detecting cracks according to any of
claims 28t0 32, inwhichifthe predetermined number
of resistance values is not present, it is determined
whether the measured resistance is grossly unrea-
sonable, in which case it is determined that a crack
is present.

A method of detecting cracks according to any of
claims 22 to 33, in which the threshold resistance is
atleast 0.001% above the average resistance value.

A method of detecting cracks according to claim 34,
in which the threshold resistance is at least 0.01%
above the average resistance value.

A method of detecting cracks according to claim 35,
in which the threshold resistance is at least 0.1%
above the average resistance value.

A method of detecting cracks according to any of
claims 22 to 36, in which the measured resistance
is normalised before a comparison is made with the
threshold resistance.

A method of detecting cracks according to any of
claims 22 to 37, inwhich if a crackis detected a driver
information and communication unit of a vehicle car-
rying the crack detector carries out at least one of
the following operations:

a) locate the current position of the vehicle;

b) signal the location of an appropriate glazier;
c) provide directions to an appropriate glazier;

d) summon a repair service to the location of the
vehicle or other suitable location;

e) activate a warning light;

f) supply the telephone number of a glazier local
to the vehicle, and/or

g) switch off the power supply to the glazing.
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