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(57) Abrege(suite)/Abstract(continued):
composite. The paths act as sensing paths running through the material and a detector watches for changes In electrical property

Indicative of a structural (8x8 array of L

—Ds 36) event. The paths may be configured as an open or a closed node grid whose

electrical continuity Is monitored directly or indirectly. Alternatively they may be fibres having a piezoresi stive property and the
changes In resistance may be monitored.
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(57) Abstract: A structural health monitoring arrangement comprises a component (panel 30) formed of fibre reinforced compos-
ite material with a plurality of electrical conducting fibres (conductors 32) mtrinsic to the composite defining electrical paths that
run through the composite. The paths act as sensing paths running through the material and a detector watches for changes in elec-
trical property indicative of a structural (8x8 array of LEDs 36) event. The paths may be configured as an open or a closed node

grid whose electrical continuity 1s monitored directly or indirectly. Alternatively they may be fibres having a piezoresi stive prop-
erty and the changes in resistance may be monitored.
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ELECTRICAL CIRCUIT ASSEMBLIES AND STRUCTURAL COMPONENTS
- INCORPORATING SAME |

This invention relates to electrical circuit assemblies and structural
components incorporating the same, and in particular but not exclusively to structural

health monitoring arrahgements.

. With the increased use of composite materials in many applications
such as aircraft, and othef vehicles, and the development of intelligent structures, a
need exists for arrangements to monitor the structural health of composite materials.
The term 'structural health' is used to mean the health of the material in terms of
extraneous damage caused by the impact by objects, erosion etc as well as intérnal
damage such as stress-induced cracking, delamination and also simply the
measurement of the local stresses and strains to which the composite is subjected.
In an aircraft, for example,‘ the navigation system may have an inertial platform that
will determine and report the accelerations to which the airframe has been subject,

but it will not report on the magnitude of local stresses and strains.

Accordingly, we have developed a composite material that incorporates

a structural health monitoring facility.

According to‘ an aspect of the present invention, there is provided a
structural health monitoring arrangement comprising: a component formed of a fibre
reinforced composite material including a plurality of electrically conducting fibres
defining electrical paths running through said composite material; a detector for
monitoring an electrical characteristic of one or more of said paths, thereby to
determine a structural con-dition of said component; said paths being arranged in
groups extending in orthogonal linear directions in a two-dimensional array'to allow
detection in X and Y directions; and wherein said groups are layered to allow

detection of said electrical characteristic by said detector in a third Z direction.
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In another aspect a structural health monitoring arrangement
comprising a component formed of a fibre reinforced composite material including a
plurality of electrically conducting fibres defining electrical paths running through said
composite material, and a detector for monitoring an electrical characteristic of one or

more of said paths, thereby to determine a structural condition of said component.

In some preferred arrangements, the electrically conducting fibres may
be intrinsic to the structure as reinforcing fibres so that they perform a dual function

and do not significantly compromise the structure integrity of the component.

In order to provide location information, said paths may be arranged in
groups in respective co-ordinate directions. Thus, for example, said groups may
extend in orthogonal linear directions in a two-dimensional array to allow detection In

X and Y directions. Where depth information is required said groups



10

15

20

25

30

CA 02730186 2011-01-07

WO 2010/004324 PCT/GB2009/050800

.-

may be layered Iin a third orthogonal direction thereby to allow detection In a
third Z direction.

In each of these arrangements a grid Is defined over an area or
component to be monitored, and we provide two types of grid configuration. In
an open node network the electrical paths are not in electrical contact at the
nodes or crossings of said co-ordinate directions. In a closed node network the
electrical paths are In electrical contact at the nodes of said co-ordinate

directions thereby to provide a closed node network.

In an open node network the detector may monitor the continuity of one
or more selected paths and thereby determine the co-ordinates of an event
causing a break in continuity of one or more of said paths. In a closed node
network the detector may monitor the network resistance between selected
paths across the network thereby to deduce the location of an event causing a
detectable change in resistance. In this type of set-up, the detector may monitor
at spaced intervals to collect data pertaining to said paths, and determine if the

changes In said data exceed a threshold value at one or more locations.

In another arrangement the electrically conducting fibres are selected to
be piezoresistive, whereby the resistance of a given fibre varies in accordance

with the applied strain.

Although simple compressive and tensile loading can be measured, In
preferred arrangements selected paths are spaced from a neutral bending axis
of the component, thereby to allow detection of bending of the component.
Likewise, suitable fibre arrangements may be designed to measure torsion. In
one arrangement two groups of electrically conducting paths may be spaced
one to either side of the neutral bending axis with the detector monitoring the
change of resistance of each group and thereby classifying any strains in terms
of a tensile load, a compressive load, bending in a first sense or bending In a

second, opposite sense.

The component may include an electrical screening element disposed

adjacent at least one external surface of said component, and said electrical
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screening element may be connected to respective ends of one or more of said

electrical paths, thereby serving as a ground, or return path.

According to another aspect of the invention, there is provided a
structural health monitoring arrangement comprising: a component formed of a fibre
reinforced composite material including a plurality of elongate conductors comprising
a piezoresistive material running through said composite, whereby the resistance of
said piezoresistive material varies in accordance with the applied strain; a detector for
monitoring the resistance of one or more of said elongate conductors thereby to
determine a structural condition of said component; said elongate conductors being
arranged in groups extending in orthogonal linear directions in a two-dimensional
array to allow detection in X and Y directions; and wherein said groups are layered to

allow detection of said electrical characteristic by said detector in a third Z direction.

Another aspect provides a structural health monitoring arrangement
corﬁprising a component formed of a fibre reinforced composite material including a
plurality of elongate conductors of a piezoresistive material running through said
composite, and a detector for‘ monitoring the resistance of one or more of said

elongate conductors thereby to determine a structural condition of said compon'ent.

In some embodiments, it is preferred for each conducting fibre to have
an electrically conducting surface. This surface may be an electrically conducting
coating provided on the interior of the fibre, where the fibre is hollow. Additionally or
alternatively, the electrically conducting surface may be provided on the exposed
surface of the fibre. Still further, the or each fibre may be made of electrically
conducting material itself. For example, the or each conducting fibre could be
surrounded by glass fibres to electrically isolate it from the other conducting fibres.
Moreover the fibres may be collected with other like fibres into conducting tows that

are electrically isolated from other such tows in the structure.
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There are various different ways in which the electrically conducting
coating, core or layer may be deposited on or in the fibre. For example, the
electrically conducting coating, core or layer may be deposited at least partially in the
vapour phase. Alternatively, the electrically conducting coating, core or layer may be
deposited by applying molten metal material to the fibre and allowing said metal
material to\solidify to create said electrically conducting layer or coating. Another
method is to apply the coating, core or layer by means of electroless plating, by
electroplating, or a combination of both. For example a first layer or layers may be
deposited by electroless plating with a subsequent layer or layers being deposited by

electroplating. This allows greater contro! of the overall plating process.

The coating, core or layer may be selected from any suitable
conducting material including amongst which are metals including, but not limited to
silver, gold, copper, aluminium, chromium, nickel, iron, gallium, indium and'tin, and
alloys including one or more of the aforesaid, and also conductive polymers,
electrolytes and colloids. The fibres may be of any suitable fibre that can be used In
the construction of a fibre reinforced composite material including carbon fibres, glass

fibres, mineral fibres, ceramic fibres, polymeric fibres, and metal fibres.

In some embodiments, the matrix material preferably comprises a

suitable material which is electrically insulating. The matrix material may be

polymeric, elastomeric, metal, glass, and/or ceramic, or a mixture of these.

The terms "electrically conducting” and "electrically insulating™ are
relative and intended to be interpreted as meaning that a useful electrical signal Is

transmitted along a desired signal or power path.

The term "metal" is used to include not only pure metals but metal

alloys. Also included are semiconductors and semi-metalts.
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In this way the arrangement can monitor various physical, chemical,

electrical or electro-magnetic influences to which the structural component is

exposed.

In a preferred arrangement for monitoring the structural component
according to some embodiments, said component comprises a group of a plurality of
spaced electrically conducting fibres extending in a first coordinate direction and a
second group of a plurality of electrically conducting fibres extending in a second
coordinate direction, and electrical monitoring means for monitoring the first and
second groups to determine an electrical characteristic of the respective fibres and to
provide an indication of the structural health of the component and to provide an
Indication of the location of an event that alters the said electrical characteristic of one
or more fibres in both groups. In this way the locality of say a crack or impact may be
determined. Suitable methods include capacitance, reflectometry, and time domain

reflectometry.

Thus the said first and second groups may be generally orthogonally
arranged to provide columns and rows of electrically conducting fibres, and said

electrical monitoring means may be adapted to detect changes in said electrical
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characteristic due to an event by reference to the row and column and thereby
provide an indication of the location of the event.

It will be appreciated that it is possible to use other methods to determine

the location of structural damage or any other observable event, which methods

10

15

20

25

.30

do not require the use of two arrays; thus for example time domain

reflectometry may be used to locate the event.

Embodiments of the invention will be better understood by reference to
the following description and Examples, reference being made to the

accompanying drawings, In whi(;h:

Figure 1 is a schematic view of an arrangement for inﬁltratingv a

composite coupon;

Figure 2 is a schematic view of an arrangement designed to allow

detection and location of structural damage;

Figures 3a to 3c are detailed views of various couplihg configurations for
use in embodiments of the invention, using ohmic, and contactless capacitétive

and inductive coupling respectively,;

Figure 4 is a schematic view of the use of an arrangement of this

invention for monitoring sensors over an extended surface area of an aircraft;

Figure 5 is a schematic view of a composite structure in which a centrat
core conductor is surrounded by a layer of screening fibres spaced from the
core by intermediate fibres to allow the transmission characteristics to be

varied;

Figure 6 is a schematic view of a composite component with a closed

node structural health monitoring system, and

Figure 7 is a schematic view of a composite component with a

piezoresistive structural health monitoring system.

In the following examples, a hollow fibre is provided with an internal

electrically conducting coating, layer or core so that a fibre composite material

can be made which has elecirically cbnducting fibres running through it to

provide pathways for signals', power etc. In this way, a fibre composite structure
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can be provided in which the interface between the external fibre and the matrix
material is unaffected, with the electrically conducting region being housed fully

within the fibres.
Metallisation techniques:

CVD

Gas phase metal deposition methods are considered attractive as the
viscosity of the coating materials may be many orders of magnitude lower than
for liguid phase methods. This greatly simplifies the infiltration of the active
materials into very small components as relatively high flow rates may be
achieved at modest pressures. A potential CVD technique based on the
reduction of silver pivalate in either hydrogen or oxygen at elevated temperature
(250°C) Is described in [Abourida M, Guillon H, Jimenez C, Decams J M, Valet
0, Doppelt P, Weiss F, "Process for the deposition by Process for the deposition
by CVD of a silver film on a substrate”, United States Patent 20070148345].

Liquid metals

Direct infiltration with liquid metal provides a simple and straightforward
approach to creating a metal cored fibre. It iIs desirable to use a metal with a
conveniently low melting point so that both fibres and composites could be

treated without risk of damage
Electroless Plating

A suitable plating technigue uses the reduction of a chloroauric acid
solution (HAuCIs ) by glycerol as described by Takeyasu et al. [Takeyasu N,
Tanaka T and Kawata S, "Metal deposition into deep microstructure by
electroless plating”, Japanese Journal of Applied Physics, 44, NO. 35, 2005, pp.
1134-1137.].

The plating process described used the following components:

Plating solution =0.024M HAuCIs + 0.75M NaOH + 0.086M NaCl in DI

water

Reduction agent =0.5%vol. glycerol in DI water



10

15

20

25

30

CA 02730186 2011-01-07

WO 2010/004324 PCT/GB2009/050800

_7 -

Sensitizer =26mM SnCl, +70mM trifluoroacetic acid (TFA) in DI water

Example 1

Referring to Figure 1, short composite coupons 18 of dimensions 30-
40mm long x 10-15mm wide x 2-3mm thick were prepared so that infiltration of
full scale fibres could be investigated. The composite was made using a 0°/90°
woven fabric and so the long edges 20 of the coupons were sealed to prevent
ingress of materials into fibres running in the 90° direction. A polycarbonate
reservoir 22 and a pressure fitting 24 were bonded over one of the open ends of
the coupon to facilitate the Introduction or removal of materials. This
configuration allowed materials to be introduced by capillary action or through
the use of positive and negative pressure differentials as with the single fibre

test specimens..

The composite test specimen was used {o Iinvestigate the plating
behaviour of the gold solution at full-scale The reservoir was filled with
sensitizer and this was blown through using dry nitrogen at 2.5 bar until the
open end of the specimen was seen to be wet. Typical filling times at 2.5 bar
were of the order 5-10 seconds for a 40mm long panel. The excess sensitizer
was removed from the reservoir by pipette and replaced with DI water which
was then blown through until the reservoir was empty. The rinsing process was
repeated a second time In an attempt to ensure that any excess sensitizer had
been removed. Blowing was continued until bubbles could be seen on the open
edge of the panel indicating that most of the remaining fluid had been expelled.
Freshly prepared 6Xgold/ethylene glycol solution was introduced Iinto the
reservoir and blowing was started using 2.5 bar dry nitrogen as before. The
reaction was seen to start immediately in the reservoir as the walls turned black
iIn a few seconds. It was thought that this was possibly due to the presence of
excess sensitizer as it Is difficult to rinse the reservoir thoroughly due to its small
size and narrow induction port. Blowing was continued for several minutes and
the panel was observed to take on a pink appearance within a short time. After

approximately 5 minutes, blowing was discontinued and the reservoir was
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vented to remove the pressure differential. The reservoir was still filled with
excess plating solution as was the composite panel and the specimen was left
In this condition for 2 hours to allow any remaining metal to plate out. During
this time the pink colouring became progressively stronger. This discoloration
was taken as an indication that gold was plating out onto the fibres as thin gold
flms observed on the pipettes also showed a pink/purple coloration before

taking on a metallic appearance.

Example 2

A second test was conducted to Iinvestigate a potential method of
avoiding contamination of the reservoir by sensitizer. Previous observations
have shown that it takes approximately 8 minutes to infiltrate a 100mm long
panel. Sensitizer was introduced from the open end of the composite panel by
dipping and 10 minutes was allowed for Infiltration. Contamination of the
reservoir was avoided as Iinfiltration by capillary action would automatically stop
at the far end of the panel inside the reservoir. After filling, the sensitizer was
blown out using 2.5 bar nitrogen as before. The reservoir was then filled with DI
water and blown through to rinse out the panel. Two rinses were performed as
before. The reservoir was filled with plating solution and blown through for
~4mins. The panel began to discolour from the open end almost immediately
with the purple colour progressing to the other end of the panel over ~5
minutes. No discolouration was observed in the residual fluid in the reservoir for
the first ~20-30 minutes after filling after which it proceeded to darken at a rate
similar to that observed for the pipettes. The panel was left full of plating
solution overnight to finish plating. The composite panel was considerably
darker than after the first attempt and the reservoir was almost completely free
of discolouration and plating suggesting that the revised filling techniqgue had
been successful and that the majority of the potential metal had been deposited

onto the fibres.

The depleted plating solution was blown out and replaced with fresh
solution. The panel was infiltrated and left again for several hours during which
the discolouration became progressively darker with the fibres finally appearing

black. Close inspection of the open ends of the panel revealed them to be black
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but with a slight metallic sheen In places suggesting that these had also been
coated. A digital volt meter (DVM) was placed across the ends of the panel and
a high, but measurable, resistance was registered suggesting that a continuous

connection had been formed.

Examples 3,4 and 5

Three concept demonstrators were fabricated to explore the potential
uses of the material. These demonstrators used Ni coated carbon fibres as
representative conductive structures as their diameters are of the same order
as the glass fibres used In the actual system. The first panel (Example 3)
demonstrated the ablility to incorporate multiple parallel connections and was
used to explore potential connection methods and for electrical tests.
Conductive pins were added to the panel by drilling small holes normal to the
surface directly over the location of the conductive fibre tows. Gold plated solder
pins were push fitted into the holes to form electrical contacts. Several of the
pins were also bonded into the panel using a silver loaded conductive epoxy

resin for added robustness.

A second panel (Example 4) was configured to give three parallel
electrical connections. These were accessible via embedded connectors on the
panel ends. The panel demonstrated the material’'s ability to carry power using
a 9V battery and a LED. A bi-colour (red/green) LED was used to demonstrate

the abillity to carry multiple power rails.

The second demonstrator was also used to investigate the feasibility of
transferring data via the material. The three conductors allowed the panel to be
configured to carry RS232 compatible serial data streams in both directions.
Text and data files were transferred between two laptop computers at rates up
to 56kbit/s.

Referring to Figure 2, the third demonstrator (Example 5) consisted of a
panel 30 approximately 150mm square containing an 8x8 array of parallel
conductors 32 running in the X and Y planes. The conductors were spaced

approximately 10mm apart and an Iin-plane insulating layer was formed
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between the X and Y conductors from several layers of woven glass fibre

matting .

The signal transmission properties of the conductors were tested by
Injecting a sine wave signal at one end and monitoring the far end for signs of
attenuation or degradation. The test setup used two adjacent tracks on the X
plane as signal conductor and return lines and the output was measured across
a 56 Q load.

Example 6

A further demonstration of the potential uses of the material the 8X8 X-Y
array of Figure 2 was configured as a basic damage detection/indication
system. A simple electronic circuit 34 was added to allow the location of
damage to be indicated on an 8x8 array 36 of LEDs. With the panel In its
undamaged state no LEDs were illuminated. An 8mm hole 38 was drilled
through the intersection of a pair of XY fibres which caused the appropriate LED
to light up on the indicator panel. This test showed the potential of the system to
detect damage over a large area of a component without the need for discrete

embedded sensors.

There are a number of different ways In which the conducting elements
may be electrically coupled to other circuitry or components. For example as
shown Iin Figure 3a the coupling may be ohmic, for example by providing
terminals 40 that are in direct physical contact with the conducting fibres 42 and
which extend out of the composite. Alternatively, as shown in Figures 3b and
3¢ the coupling may be contactless, by means of a capacitative or inductive
coupling elements 44 or 46. An advantage of such an arrangement Is that the
coupling elements may be re-sited as necessary to reconfigure the electrical
circuit If, for example, the original conducting fibre Is damaged. The coupling
elements could take the form of adhesive pads that can be bonded to the
composite material permanently or semi-permanently to provide the required

electrical coupling with the underlying conducting fibres.

The circuit so formed may be used to transmit and analogue or digital

data signals together, iIn some instances, with power. For example the data
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signal may 'be- modulated onto a carrier, and the carrier may be rectified to
provide a power source. The circuits so formed may be used for numerous
purposes other ‘than conventional power supply or data transfer. Thus for
example, as shown in Figure 4, in aerodynamic studies or aerodynamic control,
an array of surface sensors 50 may be provided on an exposed surface of a
composite element 52 on an aircraft to d_etect one or more parameters relating
to the structure and/or aerodynamic environment and connected to monitoring

‘equipment 56 by the electrically conducting fibres 54 within the composite

element. The use of inductive or capacitive‘ coupling between the sensors 50
and the electricaglly conducting fibres 52 allows easy reconfiguration and setup.

The provision of an array of conductors on the composite allows
redundancy to be built in so that a circuit can be rerouted if required. The
conductors could be used to heat the composite material and thus provide de-

icing, or to allow the infrared signature of a body to be modified.

~ As shown in Figuré 5, it is also envisaged that, e.g. for transmission or
treatment of high-frequency electrical signals, a composite structure 60 could be

designed to allow the electrical characteristics along the signal path to be

modified. Thus in cross-section there may be a carbon fibre outer screening or
ground conductor skin 62 and a central core conductor 64, with the volume
between the central core conductor and the screening filled with fibres 66.

These intermediate fibres 66 may be solid or hollow or a mixture of both.

Where some of the fibres are hollow, the iImpedance or capaciiance of the
conductor may be modified by introducing or withdrawing a -suitable fluid -
material into or from said hollow fibres via a manifold system (not shown).

It will be appreciated that the apparatus and methods described herein
may b.e used with other techniques in which a composite fibre structure is
configured to perform functions other than purely structural. For example the
apparétus and methods herein may be combined with other techniques to make
up intelligent structures capable of e.g. shielding and detection of radiation

and/or structures capable of structural health monitoring and/or self repair.
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In the arrangement illustrated in Figure 2 and described in Example 0,
the conductors (otherwise referred to as conducting paths) are formed of tows
of conducting fibres extending in X and Y co-ordinate directions but without
contact at the crossing points as the X and Y paths are insulated from each
other. This Is referred to herein as an open node grid or network. It will of
course be appreciated that other co-ordinate systems may be used, such as
e.g. a polar system, and the paths may be non-linear and designed to
concentrate in regions of particular interest e.g. to increase the resolution of the
grid in these areas, or to align the paths across lines of stress concentration In
the structure. Still further for e.g. crack detection the paths may be of zig-zag
form. As a further option, the component may be provided with layers of the X-Y
open node grid, stacked in the Z direction so that events occurring throughout
the thickness of the composite can be detected. For example, delamination or
cracking may Initiate anywhere in the depth, and so sensitivity or detection

capability in the Z direction provides further advantages.

Example 7 — Closed Node Grid

Referring now to Figure 6, In this arrangement there are groups of
electrically conducting paths as before defined by electrically conducting fibres
but In this arrangement the X and Y paths are In electrical contact at their
intersecting points in a closed node configuration. The paths therefore in this
configuration make up an orthogonal resistance network that is addressable In
the X and Y directions. The electrical behaviour and analysis of such networks

IS well known to those skilled Iin the art.

In the present arrangement, a processor 74 applies a signal to each of
the columns 70 In turn and for each column the voltage at each row Is detected
and stored by the processor. This is repeated for all the columns and so data for
the whole network Is captured. This may conveniently be done by defining a
table 76 corresponding to the rows and columns of the network and storing In
each cell of the table data representing the voltage drop between a selected

row and column. By then examining these values, and looking for a peak, the
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location of an event such as a crack or spalling 78 interrupting the network may
be determined. For example, the values may be colour coded and displayed as
a two- or three-dimensional image on a display 80. In order to allow for
changing external factors, the processor may operate to scan or convert data
values represented by the tabular form above to obtain a frame of data and then
monitor for differences between successive frames. This technique of
monitoring for differences may also be applied to the open node grids described

above.

In another type of configuration this technique may be used In
conjunction with other suitable structural health monitoring techniques such as
acoustic, active/passive acoustic detection, conventional strain gauges, optical

(Bragg grating type) strain gauges, and time domain reflectometry.

Example 8

Referring now to Figures 7(a) and 7(b), In this arrangement the
piezoresistive property of certain materials is used to measure the stresses and
strains to which a component Is subjected. In this arrangement carbon
reinforced fibres that are an intrinsic element of the composite material define
separate conducting paths 82, 84 within an elongate, high aspect ratio (typically
more than 20:1). The carbon fibres inherently have a piezoelectric property
whereby the resistance increases as the fibre Is subjected to positive strain
(from applied tensile stress) and decreases as the fibre Is subjected to negative
strain (from compressive stress). The gauge factor has been measured to be

approximately 0.2.

In the arrangement of Figures 7(a) and 7(b), one group 82 of conducting
fibres Is disposed above the neutral bending axis and one below 84. A detector
dodetects the resistance of the paths, and from this determines the stress/strain
along each path. The resistances may be compared using a bridge circuit In
known fashion. In one arrangement, the changes in resistance of the groups
above and below the neutral bending axis are monitored and analysed to
determine whether the component is under tension, compression or bending.

Thus, If both groups indicate tension, this indicates that the component is under
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tension, and the same applies for compression. If one group Indicates
compression and the other tension, this indicates that the component Is
experiencing bending, with the bending sense being determined by which is In

tension.

In other arrangements, not shown, there may be several groups
distributed through the thickness of the components and each individually

addressable.

As shown in Figures 7(a) and 7(b), the component is provided with
screening or grounding layers here adjacent the upper and lower surfaces of
the components. These layers are electrically conducting and may be formed of
conducting fibres. The layers may be connected to each other and used as a
common return path by connecting one end of each group of fibres to the
adjacent layer. It Is important Iin this instance to ensure that they do not
contribute to or mask the piezoresistive effect of the detecting groups. Thus
these screening layers may be made up of lay ups of conducting fibres that

provide no resistive response when the component is loaded.

In this arrangement, as with the continuity grid structure described
above, respective groups of fibores may be disposed Iin co-ordinate groups e.g. X
and Y with the output data being correlated to determine the location of an
event. Here it will be appreciated that as the sensing path is responsive to strain
rather than continuity of the fibres, the impact of an object in the Interstices
between the X and Y groups will be picked up as a strain wave travels from the
impact point. By continuously monitoring the readings on both groups therefore,
the location of an impact can be determined by interpolating the data. As with
the previous arrangements, the X and Y data may be displayed as a two-
dimensional image with the row data and column data suitably thresholded or
colour coded so that the impact point can be deduced. Likewise, the data may
be obtained at intervals with the data being compared between frames to

iIdentify changes.
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CLAIMS:
1. A structural health monitoring arrangement comprising:

a component formed of a fibre reinforced composite matenial including a
plurality of electrically conducting fibres defining electrical paths running through said
o composite material; | '

a detector for monitoring an electrical characteristic of one or more of

said paths, thereby to determine a structural condition of said component;

said paths being arranged in groups extending in orthogonal linear
directions in a two-dimensional array to allow detection in X and Y directions; and

10 wherein

sald groups arellayered to allow detection of said electrical
characteristic by said detector in a third Z direction.

2. A structural health monitoring arrangement according to Claim 1,

wherein said electrically conducting fibres are reinforcing fibres.

15 3. A structural health monitoring arrangement according to Claim 1 or
Claim 2, wherein the electrical paths are not in electrical contact at nodes of said co-

ordinate directions, thereby to provide an open node network.

4. A structural health monitoring arrangement according to Claim 1 or
Claim 2, wherein the electrical paths are in electrical contact at nodes of said co-

20 ordinate directions thereby to provide a closed node network.

S. A structural health monitoring arrangement according to Claim 3, |
wherein said detector detects the continuity of one or more selected paths and
thereby determines the co-ordinates of an event causing a break in continuity of one

or more of said paths.
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6. A structural heaith monitoring arrangement according to Claim 4,
wherein said detector monitors the network resistance between selected paths

across the network thereby to deduce the location of an event causing a detectable

change In resistance.

7. A structural health monitoring arrangement according to Claim 4 or
Claim 5, wherein said detector monitors at spaced intervals to collect data pertaining
to said paths, and determines if the changes in said data exceed a threshold value at

one or more locations.

8. A structural health monitoring arrangement according to Claim 1 or 2,
wherein the electrically conducting fibres are selected to be piezoresistive, whereby

the resistance of a given fibre varies in accordance with the applied strain.

9. A structural health monitoring arrangement according to Claim 8,
wherein selected paths are spaced from a neutral bending axis of the component,

thereby to allow detection of bonding of the component.

10. A structural health monitoring arrangement according to Clairh 9,
including two groups of electrically conducting paths spaced one to either side of the
neutral bending axis with the detector monitoring the change of resistance of each
group and thereby classifying any loading in terms of a tensile load, a compressive

load, bending in a first sense or bending in a second, opposite sense.

11. A structural health monitoring arrangement according to any one of
Claims 1 to 10, wherein said component includes an electrical screening element

disposed adjacent at least one external surface of said component.

12. A structural health monitoring arrangement according to Claim 11,

wherein said electrical screening element is connected to respective ends of one or

25 more of said electrical paths, thereby serving as a ground, or return path.
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13. A structural health monitoring arrangement comprising:

a component formed of a fibre reinforced composite material including a
plurality of elongate conductors comprising a piezoresistive material running through
said composite, whereby the resistance of said piezoresistive material varies in

accordance with the applied strain;

a detector for monitoring the resistance of one or more of said elongate

conductors thereby to determine a structural condition of said component;

said elohgate conductors being arranged in groups extending in
orthogonal linear directions in a two-dimensional array to allow detection in X and Y

directions; and wherein

sald groups are layered to allow detection of said electrical

characteristic by said detector in a third Z direction.
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