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DEGRADATION SENSOR

RELATED APPLICATION

This application is based on and claims the benefit of the

filing date of AU application no. 2008900518 filed 5

February 2008, the content of which as filed is

incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

The present invention relates to a sensor for monitoring a

structure or material, to detect the effects of possible

corrosion or other deterioration of structures (including

buildings, vehicles, vessels or parts thereof) and

materials.

BACKGROUND OF THE INVENTION

One existing method for detecting corrosion (disclosed in

U.S. Patent No. 6,805,788) employs electrochemical

impedance spectroscopy. The conductivity of the monitored

substrate is measured by locating a probe with a solid

polymer electrolyte membrane that houses an electrode in

contact with the surface of the substrate. Perturbations

in an AC current or voltage across the monitored surface

and the electrode are used to determine the impedance of

the substrate. However, the probe monitors for

differences — from one area of a monitored surface to

another — in surface conductivity as an indication of

corrosion activity, and requires access by the probe to

the region of concern. Also, the probe appears unlikely

to be sensitive to water ingress; instead it will only

show actual corrosion.

WO 87/04525 discloses a corrosion sensor that compares the

resistivity of a reference element (not exposed to

corrosion) and that of a test element coating the

reference element and exposed to corrosion. However, this

approach relies on the relative resistivity of the



reference and test elements, so always requires the use of

the two elements .

WO 00/46593 discloses a micro-electronic bond degradation

sensor with a sensor substrate having sensor circuitry and

a sensor stud and a power stud extending therefrom. The

sensor circuitry includes a voltage-to-current amplifier

with an input coupled to the sensor stud and an output

coupled to the power stud, and operable to convert a

voltage signal occurring along the sensor stud to a

current signal output along the power stud.

SUMMARY OF THE INVENTION

In one broad aspect, therefore, the present invention

provides a sensor for monitoring a structure or material,

comprising:

an elongate conducting member; and

an insulating material within which is embedded

the conducting material ;

wherein the insulating material has one or more

gaps located along the insulating material that expose the

conducting member without allowing direct contact between

the insulating material and the structure or material when

the sensor is placed against the structure or material .

Corrosion of a structure or material can be monitored by

fastening the sensor to the structure or material such

that the sensor is located against the structure, and

monitoring conductivity or resistance between the

structure and conducting member. Furthermore, corrosion

of the structure or material may be accompanied by

corrosion of the conducting member, depending on the

material from which the conducting member is made, so

changes in the conductivity or resistance may be

indicative of corrosion (or other deterioration) in the

structure or material. Consequently, corrosion of a

structure or material can in some cases be monitored by



monitoring the conductivity or resistance of the

conducting member between two regions of the conducting

member . This may be done as an alternative to - or to

supplement — the monitoring of conductivity or resistance

between the structure and conducting member .

Additionally, the sensor may be embedded in a coating -

such as an adhesive , sealant or paint — that has been

applied to the structure or material . For example , the

sensor may be located between a primer and an outer coat

of paint, or within sealant or adhesive located on or

between two portions of a structure . In such cases , the

ingress of water or some other corrosive into the coating

will commonly lead to increased conductivity between the

structure or material and the conducting member.

Moreover, the conducting member may also corrode,

ultimately leading to a loss of conductivity of the

conducting member over its length. The corrosion of the

conducting member - whose rate may be advantageously

controlled by selection of the material of the conducting

member , particularly in view of the nature of the

monitored site - provides a useful alternative or

additional measure of the corrosion of the monitored

structure or material .

When the sensor is embedded in a coating, such as an

adhesive, the electrical properties of the coating may by

monitored between the gap or gaps and another conducting

material in the medium.

For example, if the sensor is included in an adhesive

joint that includes a metallic adherend then the

conductivity between the exposed conducting member of the

sensor and the adherend can be measured. This

conductivity will be affected by the presence of ions

between the conducting member of the sensor and the
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metallic adherend, such ions being generated by corrosion

or other degradation processes that may be occurring or

have occurred. Alternatively, if the adhesive (or paint)

has been applied to a non-conducting structure or

material, another wire - uninsulated - or a further sensor

may be located near the sensor to provide the other

conductor and hence a conducting path.

The conducting member typically comprises a wire or

metallic ribbon, and may comprise a plurality of

conducting elements (such as a plurality of wire or

metallic ribbons) .

The conducting member may comprise a plurality of

conducting elements of dissimilar materials, allowing the

use of electrochemical potentials between conducting

elements as a monitoring signal . In such embodiments , the

sensor may include a meter arranged to detect a potential

difference between a pair of the conducting elements . The

meter may be arranged to output a signal in response to a

predefined value of the potential difference or a

predefined change in the potential difference . The signal

may be, for example, indicative of the potential

difference, may be indicative of the change in the

potential difference or may be an alarm signal.

The gaps in the insulating material , particularly if the

insulating material comprises a plurality of conducting

elements, may be filled (such as through a recoating

process) with a material or materials sensitive to

chemical or physical stimuli, such as light, temperature

or chemical species , thus making the sensor sensitive to

these stimuli . In such embodiments , changes may be

monitored in conductivity or resistance between the

conducting member at the location of such a gap and

another conductor . The other conductor may be another

sensor, but need not be. Alternatively, changes may be



monitored in conductivity or resistance between two

sensors with gaps filled with and connected by such

sensitive material/ that is, the measurement of

conductivity or resistance is made via the

sensitive material . This might be done by embedding two

sensors in the sensitive material , and measuring the

conductivity or resistance between the two sensors .

The insulating material may comprise any material that can

coat or partially coat the conducting member to form an

insulating layer (even if porous to some degree) that will

hold the conducting member away from the monitored

structure or material (and hold respective conducting

elements apart in embodiments in which the conducting

member comprises a plurality of conducting elements) .

In one embodiment , therefore, the insulating material

comprises polyurethane and in another embodiment the

insulating material comprises nylon. However, other

insulating materials are clearly possible, including - for

example - an oxide coating formed on the conducting

member.

The gap or gaps may comprise, for example, apertures in

the insulating material or annular breaks in the

insulating material. It will be appreciated that - as the

gap or gaps do not allow direct contact between the

insulating material and the structure or material - the

size of the gap or gaps will vary according to factors

such as the thickness of the insulating material and the

roughness of surface or surfaces with which the sensor is

in contact.

The sensor may include a conductivity or resistance meter,

for monitoring conductivity or resistance between the

conducting member and a structure or material being

monitored for corrosion or deterioration with the sensor,



or between -two regions of the conducting member, or both.

If between two regions of the conducting member, the two

locations may comprise, for example, two ends of the

conducting member, an end of the conducting member and a

location on the conducting member remote from the two ends

of conducting member, or two locations on the conducting

member remote from the two ends of the conducting member

and separate from each other . In embodiments where the

conducting member comprises a plurality of conducting

elements, the two regions of the conducting member may

comprise a first region that is on a first conducting

element and a second region that is on a second conducting

element .

The meter may be configured to issue an alarm or other

signal when the conductivity decreases significantly or

the resistance increases significantly.

The invention also provides a method for monitoring a

structure or material, comprising:

placing the sensor described above against the

structure or material ; and

monitoring conductivity or resistance between the

structure or material and the conducting member, or

between two regions of the conducting member, or both

between the structure or material and the conducting

member and between two regions of the conducting member .

The meter may be configured to issue an alarm or other

signal when the conductivity decreases significantly or

the resistance increases significantly.

The method may include adhering the sensor to the

structure or material , such as with an adhesive material ,

such as glue, a sealant or paint. (The paint may be that

used to paint the structure or material, exploited to

additionally adhere the sensor to the structure or



material .) In other embodiments , however , the method

includes mechanically fastening the sensor to the

structure or material .

The method may include embedding the sensor in a coating,

such as an adhesive, sealant or paint applied to the

structure or material .

The method may include employing time-of-flight

measurements or rise time measurements to locate a

location of corrosion or deterioration .

The method may include employing frequency dependent

measurements to measure a complex impedance of the sensor .

According to another broad aspect, the invention provides

a structure or material provided with a sensor as

described above .

BRIEF DESCRIPTION OF THE DRAWING

In order that the invention may be more clearly

ascertained, embodiments will now be described, by way of

example , with reference to the accompanying drawings , in

which :

Figure 1 is a schematic view of a wire sensor

according to an embodiment of the present invention ;

Figure 2 is a cross sectional view of the wire

sensor of figure 1;

Figure 3 is a schematic view of a wire sensor

according to another embodiment of the present invention ;

Figure 4 is a cross sectional view of the wire

sensor of figure 3;

Figure 5 is a schematic view of a wire sensor

according to still another embodiment of the present

invention ;

Figure 6 is a cross sectional view of the wire

sensor of figure 5 ;



Figure 7A is a schematic view of a wire sensor

according to a further embodiment of the present

invention ;

Figure 7B is a schematic view of a variation of

the wire sensor of figure 7A;

Figure 8 is a schematic view of a metal plate

bonded to metal patch, bonded together with an adhesive

and monitored with the wire sensor of figure 1;

Figure 9 is a cross section al view of the

arrangement of figure 8; and

Figure 10 is a schematic view of the application

of the wire sensor of figure 1 with paint to the end of a

thick metal plate joined to another plate.

DETAILED DESCRIPTION

A sensor for detecting corrosion or other deterioration in

typically metal surfaces , according to an embodiment of

the present invention, is shown generally at 10 in figure

1. Sensor 10 - formed from insulated wire (and hence also

referred to as a Λwire sensor' ) - comprises a thin wire 12

of 25 µm to 200 µm diameter and, covering the wire, a thin

insulating material 14, such as polyurethane or nylon,

that is a few microns in thickness . Sensor 10 also has

periodically spaced notches 16 where wire 12 is exposed,

that is, there is no overlaying insulating material 14.

Notches 16 are spaced 100 µm apart, though it will be

appreciated that this spacing can be smaller or greater,

including of the order of millimetres or more . Each notch

16 has a width - along the length of sensor 10 - of 5 to

30 µm ; in many applications a width at the smaller end of

this range is preferable.

As will also be appreciated by those skilled in the art,

sensor 10 may be of essentially any desired length, and

may have essentially any desired number of notches 16.

Further, notches 16, though located periodically along

sensor 10 , may in other embodiments be spaced by varying



amounts or grouped in clusters of notches. Also, although

wire 12 is of circular cross section, in other embodiments

(including those described below) , wire 12 may assume

other forms , including a ribbon or strap of conductor .

Figure 2 is a cross sectional view of sensor 10 at the

location of the centre of a notch 16. In this view, it

will be noted, the exposed face 18 of insulating material

14 is behind the plane of the exposed portion of wire 12

by half the width of notch 16.

Figure 3 is a schematic view of a wire sensor 10'

according to another embodiment of the present invention .

Sensor 10' is identical in most respects with sensor 10 of

figure 1 , and like reference numerals have been used to

identify like features . However , whereas each of notches

16 of sensor 10 of figure 1 corresponds to the removal of

a complete annular piece of insulating material 14 , each

of notches 20 of sensor 10' corresponds to the removal of

most - but not all - of such an annular piece of

insulating material 14. Figure 4 is a cross sectional

view of sensor 10' of figure 3 , through a notch 20. It

may be seen that a small portion 22 of insulating material

14, equal in width to the diameter d of wire 12, remains

in each notch 20. This results from the use of a laser

beam (projected from above in the view of figures 3 and 4 )

to ablate insulating material 14 and form notches 20; the

small remaining portions 22 of insulating material 14 are

left in place, being protected from the laser beam by wire

12.

Figure 5 is a schematic view of a wire sensor 10"

according to another embodiment of the present invention.

Sensor 10" is also identical in most respects with sensor

10 of figure 1 , and like reference numerals have been used

to identify like features. However, whereas each of

notches 16 of sensor 10 of figure 1 corresponds to the



removal of a complete annular piece of insulating material

14, each of notches 24 of sensor 10" corresponds to the

removal of only a segment of insulating material 14 .

Figure 6 is a cross sectional view of sensor 10" of figure

5 , through a notch 24, from which it is evident that only

a segment of insulating material 14 , equal in width to the

diameter d of wire 12, is removed to form each notch 24

(such as by laser ablation with a laser beam projected

from the left in the view of figure 6 ) .

Sensors 10, 10' and 10" are manufactured from wire by

removing insulating material 14, such as with a laser,

from the original wire at the desired periodic (or other)

spacing and with the desired width. Insulating material

14 is removed using a laser system set up to ablate the

insulating material but have little or no effect on wire

12. For example, an AVIA frequency tripled ND: YAG laser

operated at the appropriate fluence can produce 6 µm wide

cuts in a 3 µm thick polyurethane insulating material with

little impact on an underlying 50 µm thick Al 2024 alloy

wire . Alternatively an excimer laser may be used to

remove insulating material 14 , also with little effect on

wire 12 .

Alternatively, thin metal wire can be coated or laminated

as required to provide the same characteristics . Figures

7A and 7B are schematic views of wire sensors 30, 40

according to still further embodiments of the present

invention , in which insulating material 32 is laminated

around wire 34. Sensors 30, 40 have periodic slots 36

where insulating material 32 has been removed to expose

wire 34. Sensor 40 differs from sensor 30 only in that

sensor 40 has two wires 34 laminated between insulating

material 32 , arranged to be in parallel with each other

but separated so that there is no direct electrical

contact between them. The laminated insulating material

32 can be precut to include slots 36 (either on one or



both sides) or can be excised after lamination to expose

wire 34 . Lamination would typically be employed in

applications in which a thick layer of insulating material

is required.

The width of notches 16 and slots 36, and the thickness of

insulating material 14, 32, can be varied as desired,

provided that, when a sensor 10, 10' , 10", 30, 40 is

placed against a conducting metal surface to be monitored

for corrosion under moderate pressure, wire 12 will not

make electrical contact with the metal surface . In use ,

sensor 10, 10' , 10", 30, 40 is placed on the conducting

metal surface that is to be monitored for corrosion .

Sensor 10, 10' , 10", 30, 40 is held against the metal

surface by being placed, for example, under paint, or

surrounded by a sealant or adhesive. Sensor 10, 10', 10",

30, 40 is not in electrical contact with the surface, even

if insulating material 14, 32 is in physical contact with

the metal surface, as conducting wire 12 is recessed

within notches 16 or slots 32. When corrosion occurs the

conductivity between wire 12 and the conducting metal

surface changes, typically from essentially zero to some

measurable value , as the metal surface or the coating

(i.e. the paint, sealant or adhesive) deteriorates. Thus,

corrosion is assessed by measuring - periodically or

continuously - the conductivity between wire 12 and the

metal surface (such as with a sensitive ohmmeter) .

In addition, in cases of pronounced corrosion, wire 12 may

itself corrode to the point that wire 12 is effectively

broken and sensor 10, 10' , 10", 30, 40 becomes an open

circuit. Thus, conductivity is also measured, according

to this embodiment, either between the ends of wire 12 or,

for greater localization, between one or more pairs of

notches 16 or slots 32.

Thus, as described above, sensor 10, 10' , 10", 30, 40 is



in use located close to a conductive surface so that, if a

conductive environment forms between the wire and the

surface a change in conductivity between the wire and

surface will be detected. However, how this is done may

depend on the application . The following illustrative

applications are described with reference to sensor 10 ,

but in each case sensors 10' , 30, 40 (and variations

thereof) are also suitable .

For example, one application involves adhesive bond

monitoring. In this application sensor 10 is placed

within an adhesive bond line, such as between two metal

plates . Figure 8 is a schematic view of a metal plate 50

and a metal patch 52 , bonded together with an adhesive

(not shown) so that metal patch 52 patches a crack or hole

54 in metal plate 50 . Sensor 10 is located between metal

plate 50 and metal patch 52 , within the adhesive and near

the edge of metal patch 52 (as the edge is most likely to

fail owing to environmental degradation) . If there is a

crack in the inside of metal patch 52 that is exposed to

the external environment, another sensor 10 may be located

run around this region too . For thick bonds ,

significantly greater than the width of sensor 10, two

sensors 10 may be employed, one on the top of the adhesive

and one on the bottom.

Sensor 10 is located by laying it over or under the

adhesive. If significant pressure is used in the bonding

process it becomes important to correctly fix sensor 10 in

position securely, so that it is not displaced by any

movement of the adhesive as it is forced out of the joint.

For example, thermoset aeronautical adhesives contain a

scrim layer that determines the thickness of the final

bond. Sensor 10 of the present embodiment could either be

directly incorporated into the scrim or be stitched

through the scrim to ensure that it is held in place

during, for example, a high pressure curing process.



Sensor 10 is terminated - at both its ends - at sensor

electronics 56. Sensor electronics 56 measure the

conductivity of wire 12 of sensor 10 (and hence of sensor

10 itself) , and optionally outputs a signal should any

significant difference in that conductivity be detected.

Sensor electronics 56 may be powered by any suitable

mechanism, including inductive coupling.

Optionally, sensor electronics 56 may be arranged also to

monitor conductivity between metal plate 50 and/or metal

patch 52 and wire 12 of sensor 10, by electrically

coupling sensor electronics 56 to metal plate 50 and/or

metal patch 52. Also, it will be appreciated that sensor

electronics 56 need not form a part of the illustrated

system but be introduced only when patch integrity is to

be checked .

Figure 9 is a cross sectional view of the arrangement of

figure 8 , including metal plate 50, metal patch 52,

adhesive layer 58 (between and adhering metal plate 50 and

metal patch 52) and sensor 10 located within adhesive

layer 58. Sensor 10 is removed from metal patch 52 by

adhesive layer 58 , but is in contact with metal plate 50

(though wire 12 of sensor 10 is denied direct contact with

metal plate 50 by insulating material 14) . Thus,

deterioration of the adhesive layer 58 or of the bond

between metal plate 50 and metal patch 52 must occur if

any significant change in the conductivity of wire 12 of

sensor 10 is to be observed.

In another application, sensor 10 is used to monitor dry

joints and joints with sealants. Such applications are

similar to the use of sensor 10 with adhesive bonds . A

pair of sensors 10 are located above and below the sealant

in the joint prior to the joint being tightened together.

Bolts or rivets should be located prior to placement of



senor 10 to help locate sensor 10 during the joining

process. The required electronics for sensors 10 may be

located in the joint (if there was enough space) or in a

sealed area adjacent to the joint. If the joint has a

flat polymer sealant strip then sensors 10 may be

fabricated into this strip.

In still another application, sensor 10 is used to monitor

the condition of sealants and paints . In this

application, sensor 10 is typically located in position

either prior to or during the sealing/painting process .

For example, figure 10 is a schematic view 60 of the

application of a sensor 10 to the end 62 of a thick metal

plate 64 joined to another plate 66. Sensor 10 is laid

along end 62 of thick plate 64 with a paint roller 68 that

simultaneously applies paint and sensor 10, the paint

holding sensor 10 in place. This geometry would be

particularly important for aluminium alloys , as

exfoliation corrosion, which initiates at the ends of

plates, is a particular concern with such materials.

Location of sensor 10 on the end 62 of the plate 64 would

give early warning of this form of corrosion.

In other applications, sensor 10 is used with non-

conductive surfaces . In such applications , where

conductivity between surface and sensor 10 will not change

appreciably even if wire 12 comes into contact with the

surface, sensor 10 can still be used: sensor 10 is

installed as a loop and a change in conductivity of wire

12 - or indeed of complete loss of conductivity between

the ends of wire 12 (and hence the creation of an open

circuit) - are indicative of ingress of environmental

effects .

In certain applications, a sensor according to the present

invention but with a plurality of wires may be more

appropriate. One example of such a sensor comprises two



(or more) thin wires or strips of an electrically

conducting materia, each covered by a thin insulating

material , are lightly twisted together . The insulating

material is removed periodically along the two wires so

that the regions with insulation removed are close

together. Another example comprises essentially sensor 40

of figure 7B, and comprises two (or more) thin wires or

straps laminated in non-conductive material with the

insulating material removed in thin strips - to form slots

in which the wires are exposed - periodically along the

two wires .

In such sensors with a plurality of wires , the wires do

not have to be of the same material though they will

commonly be so .

Such sensors can be used in similar applications to those

of the single wire sensors. In addition, they can be used

when there is no conductive surface; conductivity between

the two wires is then used to monitor for corrosion.

Again, the wires may themselves be attacked by the

environment, leading potentially to an open circuit.

However, with two wires the onset of this attack may be

detected, rather than merely the ultimate open circuit.

Also, the condition of any material between the conducting

members can be monitored if its properties change as it is

degraded by the environment.

Wires constructed of different materials can be monitored

for electrochemical current and/or voltage developed in

the presence of the environment, forming the basis of

distributed electrochemical sensors . Such an

electrochemical sensor according to the present invention

could comprise three thin wires if a reference electrode

is required, though two wires are sufficient if it is only

desired to detect a potential generated by two dissimilar

metals and some chemical agent that has intruded into the



structure or material being monitored, or is a by-product

of the degradation process; the sensor would otherwise be

fabricated in the same way as a single or dual wire

sensor .

As described above, the simplest way to interrogate sensor

10 is by monitoring its conductivity for an open circuit

condition. In addition, the conductivity between the wire

or wires of the sensor and a metal surface may be

monitored, as may the conductivity between different wires

in a sensor with a plurality of wires .

Other more complex techniques employ time-of-f light

measurements or rise time measurements to locate the point

on the wire where the conductivity has reduced (i.e. where

corrosion has occurred) . Dissimilar plural wire sensors

can also be monitored for generated voltage or current due

to the presence of an environment.

Modifications within the scope of the invention may be

readily effected by those skilled in the art. It is to be

understood, therefore, that this invention is not limited

to the particular embodiments described by way of example

hereinabove .

In the claims that follow and in the preceding description

of the invention, except where the context requires

otherwise owing to express language or necessary

implication, the word "comprise" or variations such as

"comprises" or "comprising" is used in an inclusive sense,

that is, to specify the presence of the stated features

but not to preclude the presence or addition of further

features in various embodiments of the invention.

Further, any reference herein to prior art is not intended

to imply that such prior art forms or formed a part of the



common general knowledge in Australia or any other

country .



CLAIMS :

1. A sensor for monitoring a structure or material ,

comprising:

an elongate conducting member; and

an insulating material within which is embedded

said conducting material ;

wherein said insulating material has one or more

gaps located along said insulating material that expose

said conducting member without allowing direct contact

between said insulating material and said structure or

material when said sensor is placed against said structure

or material .

2 . A sensor as claimed in claim 1 , wherein said

conducting member comprises a wire or metallic ribbon .

3. A sensor as claimed in claim 1, wherein said

conducting member comprises a plurality of conducting

elements.

4. A sensor as claimed in claim 1, wherein said gaps in

said insulating material are filled with a material or

materials sensitive to chemical or physical stimuli.

5. A sensor as claimed in claim 1, wherein said

insulating material comprises polyurethane , nylon, or an

oxide coating formed on said conducting member.

6 . A sensor as claimed in claim 1 , wherein said gap or

gaps comprise apertures in said insulating material or

annular breaks in said insulating material .

7. A sensor as claimed in claim 1, including a

conductivity or resistance meter, arranged to monitor

conductivity or resistance between said conducting member

and said structure or material being monitored, or between



two regions of said conducting member, or both between

said conducting member and said structure or material

being monitored and between two regions of said conducting

member.

8. A sensor as claimed in claim 7, wherein said meter is

configured to issue an alarm or other signal when said

conductivity decreases significantly or said resistance

increases significantly.

9. A sensor as claimed in claim 1, wherein said

conducting member comprises a plurality of conducting

elements of dissimilar materials .

10. A sensor as claimed in claim 9 , including a meter

arranged to detect a potential difference between a pair

of said conducting elements .

11. A sensor as claimed in claim 10, wherein said meter

is arranged to output a signal in response to a predefined

value of said potential difference or a predefined change

in said potential difference .

12. A sensor as claimed in claim 11, wherein said signal

is indicative of said potential difference, is indicative

of said change in said potential difference or is an alarm

signal .

13. A method for monitoring a structure or material,

comprising:

placing a sensor as claimed in claim 1 against

said structure or material; and

monitoring conductivity or resistance between

said structure or material and said conducting member, or

between two regions of said conducting member, or both

between said structure or material and said conducting

member and between two regions of said conducting member .



14. A method as claimed in claim 13, including

configuring said meter to issue an alarm or other signal

when said conductivity decreases significantly or said

resistance increases significantly.

15. A method as claimed in claim 13, including adhering

said sensor to said structure or material .

16. A method as claimed in claim 13, including embedding

said sensor in a coating applied to said structure or

material .

17. A method as claimed in claim 13, including employing

time-of-flight measurements or rise time measurements to

locate a location of corrosion or deterioration .

18. A method as claimed in claim 13, including

employing frequency dependent measurements to measure a

complex impedance of said sensor .

19. A structure or material provided with a sensor as

claimed in claim 1.

20. A sensor for monitoring a structure or material,

comprising:

an elongate conducting member comprising a

plurality of conducting elements , each of said conducting

elements comprising a wire or metallic ribbon; and

an insulating material within which is embedded

said conducting material ;

wherein said insulating material has one or more

gaps located along said insulating material that expose

said conducting member without allowing direct contact

between said insulating material and said structure or

material when said sensor is placed against said structure

or material , each of said gaps comprising an aperture or



annular break in said insulating material that is filled

with a material or materials sensitive to chemical or

physical stimuli .











International application No.
INTERNATIONAL SEARCH REPORT

PCT/AU2009/000083

A. CLASSIFICATION OF SUBJECT MATTER

Int. Cl.

GOlN 17/04 (2006.01) GOlR 1/20 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

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

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO & WPI and Espace: QOlN 17/04 & keywords (corrode, degrade, sensor, wire, insulator, gap and like terms). Google
(corrosion, wire, sensor, insulating)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to
claim No.

US 6383451 Bl (KIM et al) 7 May 2002
X See whole document 1-3, 5 7, 13,

15, 19

US5895843 A (TAYLOR et al) 2 O April 1999
A See columns 1-4 1-7

Further documents are listed in the continuation of Box C X See patent family annex

Special categories of cited documents:
"A" document defining the general state of the art which is "T" later document published after the international filing date-or priority date and not in

not considered to be of particular relevance conflict with the application but cited to understand the principle or theory
underlying the invention

"E" ' earlier application or patent but published o or after the "X" document of particular relevance; the claimed invention cannot be considered novel
international filing date or cannot be considered to involve an inventive step when the document is taken

alone
"L" document which may throw doubts on priority claim(s) "Y" document of particular relevance; the claimed invention cannot be considered to

or which is cited to establish the publication date of involve an inventive step when the document is combined with one or more other
another citation or other special reason (as specified) such documents, such combination being obvious to a person skilled in the art

"O" document referring to an oral disclosure, use, exhibition
or other means "&" document member of the same patent family

"P" document published prior to the international filing date
but later than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

18 February 2009 - MAR2M8

Name and mailing address of the ISA/AU Authorized officer
Amanda Beasley

AUSTRALIAN PATENT OFFICE
PO BOX 200, WODEN ACT 2606, AUSTRALIA AUSTRALIAN PATENT OFFICE
E-mail address: pct@ipaustralia.gov.au (ISO 9001 Quality Certified Service)
Facsimile No. +61 2 6283 7999 Telephone No : +61 2 6283 7993

Form PCT/ISA/2 10 (second sheet) (July 2008)



INTERNATIONAL SEARCH REPORT International application No.

iniormation on patent tamily members PCT/AU2009/000083

This Annex lists the known "A" publication level patent family members relating to the patent documents cited in the
above-mentioned international search report. The Australian Patent Office is in no way liable for these particulars
which are merely given for the purpose of information.

Patent Document Cited in Patent Family Member
Search Report

US 6383451 . JP 2001091299

US 5895843 NONE

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.

END OF ANNEX

Form PCT/ISA/210 (patent family annex) (July 2008)


	front-page
	description
	claims
	drawings
	wo-search-report

