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SYSTEM AND METHOD FOR DETECTING AN ANOMALY
IN A HIDDEN LAYER OF A MULTI-LAYER STRUCTURE

FIELD

Embodiments of the present invention relate generally to structural health monitoring
and, more particularly, to the detection of an anomaly in a hidden layer of a multi-layer

structure.

BACKGROUND

A number of structures are formed of a plurality of layers that are stacked or
otherwise laid one upon another to form a multi-layer structure. For example, air vehicles,
such as aircraft, commonly include multi-layer structures to form various portions of the
airframe. The multiple layers of a structure may be held together by one or more fasteners.
In order to install a fastener, a hole may be drilled or otherwise formed through the multiple
layers with a fastener thereafter being inserted through the hole. However, various anomalies
may occur at or near the holes through which the fasteners extend, such as fatigue cracking
due to the stress concentrations that may be present proximate the holes.

As a result of the multi-layer structure, at least portions of one or more of the layers
that are proximate the hole through which the fastener extends may be hidden from view.
For example, an intermediate layer of a multi-layer structure may be sandwiched between
two outer layers which serve to hide the inner layer from view. By way of example, an air
vehicle may include brackets mounted on longerons. The longerons may be mounted on
bulkhead flanges which may, in turn, be covered by a skin. Each of these layers may be held
together by one or more fasteners extending through holes that have been formed in the
layers, ¢.g., the brackets, the longerons, the bulkhead flanges and the skin. As a result of the
stacking of the various layers, portions of at least the longerons and the bulkhead flanges may
be hidden from view.

Maintenance and repair personnel may desire to inspect a structure, such as an air
vehicle, to identify anomalies such that the anomalies may be evaluated for repair,
replacement or the like. However, the hidden layers of a multi-layer structure may not be
visibly inspected and, instead, the multi-layer structure may need to be disassembled in order
to view the hidden layers, such as to identify any anomalies that occurred at or near a hole
through which a fastener extends. Such disassembly may be relatively labor intensive and

may increase the cost and the time requirements for the inspection. Additionally, the
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reassembly of the structure following the inspection may also be problematic in that damage
to the structure may be incurred during the reassembly process or portions of the structure
may be reassembled incorrectly.

In an effort to facilitate the inspection of various structures, a variety of non-
destructive evaluation (“NDE”) techniques have been developed in which signals are
transmitted into a structure with the signals that emerge from the structure then being
evaluated in order to detect anomalies within the structure. However, NDE techniques may
have difficulty in detecting anomalies in the hidden layers of a multi-layer structure due to
the deleterious affect upon the signals that is created by the multiple interfaces between layers
of the multi-layer structure. In addition, the thickness of a multi-layer structure may also
adversely impact the ability to detect anomalies with NDE techniques where the anomalies
lie within the hidden layers of the multi-layer structure.

As such, it may be desirable to provide an improved technique for inspecting the

hidden layers of a multi-layer structure.

BRIEF SUMMARY

Systems and methods are provided according to embodiments of the present invention
for detecting an anomaly in a hidden layer of a multi-layer structure. In this regard, systems
and methods of embodiments of the present invention permit the hidden layers of a multi-
layer structure to be reliably inspected without disassembly of the structure, thereby avoiding
the time and cost penalties associated with disassembly and the risks introduced by
reassembly.

In accordance with one embodiment, a method for detecting an anomaly in a hidden
portion of a first layer of a multi-layer structure is provided. The method of this embodiment
provides a monitoring element on at least one exposed end of a fastener that extends through
the multi-layer structure, and another monitoring element on an exposed portion of the first
layer. For example, the exposed portion of the first layer may be spaced from the hidden
portion of the first layer with the hidden portion being physically inaccessible without
disassembly of the multi-layer structure. With at least one of the monitoring elements, the
method may then introduce an inspection signal, such as a vibration inspection signal, into
the multi-layer structure including the hidden portion of the first layer. The method of this
embodiment may then sense the inspection signal with at least another one of the monitoring
elements following propagation of the inspection signal through at least a portion of the

multi-layer structure including the hidden portion of the first layer. For example, the
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inspection signal may be sensed following propagation of the inspection signal through at
least a portion of the fastener as well as the hidden portion of the first layer proximate the
fastener. Finally, the method of this embodiment may detect an anomaly in the hidden
portion of the first layer based upon the inspection signal that has been sensed.

A plurality of monitoring elements may be provided on the respective exposed
portions of a plurality of layers of the multi-layer structure. In this embodiment, the plurality
of layers also include respective hidden portions that may be inspected by the inspection
signals that propagate through the fastener and through the respective hidden portions of the
plurality of layers.

In another embodiment, a system for detecting an anomaly in a hidden portion of a
first layer of a multi-layer structure is provided. The system includes a monitoring element
on at least one exposed end of a fastener that extends through the multi-layer structure and
another monitoring element disposed on an exposed portion of the first layer. In one
embodiment, the exposed portion of the first layer is spaced from the hidden portion of the
first layer with the hidden portion being physically inaccessible without disassembly of the
multi-layer structure. At least one of the monitoring elements is configured to operate as an
actuator for introducing an inspection signal, such as a vibration inspection signal, into the
multi-layer structure including the hidden portion of the first layer. At least another one of
the monitoring elements is configured to operate as a sensor for sensing the inspection signal
following propagation of the inspection signal through at least a portion of multi-layer
structure including the hidden portion of the first layer and, in one embodiment, following
propagation of the inspection signal through at least of portion of the fastener. The system of
this embodiment also includes a processor responsive to the sensor and configured to detect
the anomaly in the hidden portion of the first layer based upon the inspection signal that has
been sensed.

The system of one embodiment may include a plurality of monitoring elements
configured to operate as sensors and disposed on respective exposed portions of a plurality of
layers of a multi-layer structure. In this embodiment, the plurality of layers also includes the
respective hidden portions.

In another embodiment, an aircraft is provided that includes an air frame comprising a
structural component having a multi-layer structure and a fastener extending at least partially
through the multi-layer structure. The multi-layer structure includes a first layer having a

hidden portion proximate the fastener. The aircraft of this embodiment also includes a
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structural health monitoring system that may include a monitoring element on at least one
exposed end of a fastener that extends through the multi-layer structure and another
monitoring element disposed on an exposed portion of the first layer. In one embodiment,
the exposed portion of the first layer is spaced from the hidden portion of the first layer with
the hidden portion being physically inaccessible without disassembly of the multi-layer
structure. At least one of the monitoring elements is configured to operate as an actuator for
introducing an inspection signal, such as a vibration inspection signal, into the multi-layer
structure including the hidden portion of the first layer. At least another one of the
monitoring elements is configured to operate as a sensor for sensing the inspection signal
following propagation of the inspection signal through at least a portion of multi-layer
structure including the hidden portion of the first layer and, in one embodiment, following
propagation of the inspection signal through at least of portion of the fastener. The structural
health monitoring system of this embodiment also includes a processor responsive to the
sensor and configured to detect the anomaly in the hidden portion of the first layer based
upon the inspection signal that has been sensed.

The features, functions and advantages that have been discussed can be achieved
independently in various embodiments of the present invention or may be combined in yet
other embodiments, further details of which can be seen with reference to the following

description and drawings.

BRIEF DESCRIPTION OF THE DRAWING(S)

Having thus described embodiments of the invention in general terms, reference will
now be made to the accompanying drawings, which are not necessarily drawn to scale, and
wherein:

Figure 1 is a plan view of a system in accordance with one embodiment of the present
invention;

Figure 2 is a cross-sectional view of the system of Figure 1 taken along line 2-2;

Figure 3 is a block diagram of a system in accordance with one embodiment to the
present invention; and

Figure 4 is a flow chart illustrating operations performed in accordance one

embodiment of the present invention.
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DETAILED DESCRIPTION

The present inventions now will be described more fully hereinafter with reference to
the accompanying drawings, in which some, but not all embodiments of the inventions are
shown. Indeed, these inventions may be embodied in many different forms and should not be
construed as limited to the embodiments set forth herein; rather, these embodiments are
provided so that this disclosure will satisfy applicable legal requirements. Like numbers refer
to like elements throughout.

A system and method are provided according to embodiments of the present invention
for inspecting a multi-layer structure and detecting an anomaly in a hidden layer of the multi-
layer structure. Various types of multi-layer structures may be inspected in accordance with
embodiments of the present invention. For example, an air vehicle, such as an aircraft, may
include an airframe having a structural component that includes a multi-layer structure. As
shown, for example, in Figures 1 and 2, a multi-layer 10 structure of an airframe may include
a splice plate 12 that overlies a bulkhead 14, ¢.g., a bulkhead flange, which, in turn, overlies a
longeron 16 and the skin 18. Each of the splice plate, bulkhead, longeron and skin may be
considered a layer of a multi-layer structure. Although useful for detecting anomalies in an
airframe, the system and method of embodiments of the present invention may detect
anomalies in other multi-layer structures that are employed in a wide variety of other
applications, such as other types of vehicles, buildings, construction projects, or the like.

Regardless of the application, the layers of the multi-layer structure 10 are fastened
together by means of a fastener 20, such as a bolt, a rivet or the like. In this regard, a hole 22
can be drilled, formed or otherwise defined through the plurality of layers of the multi-layer
structure. The fastener may then be inserted through the hole to secure the layers together.

In some embodiments in which the fastener is a threaded fastener, a nut 24 may be secured to
a distal end 26 of the fastener in order to secure the fastener relative to the multi-layer
structure. Thus, the fastener may extend from a first end, such as the head 28 of the fastener,
through the hole defined by the multi-layer structure to a second end, such as the distal end of
the fastener, upon which a nut is mounted.

As also depicted in Figures 1 and 2 and as described above, portions of one or more
layers of the multi-layer structure 10 may be hidden from view as a result of other layers of
the multi-layer structure overlying or otherwise being positioned upon and therefore
obscuring the view of those hidden portions. The hidden portions of one or more layers of a

multi-layer structure include portions that are proximate to or otherwise near the hole 22
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through the multi-layer structure through which the fastener 20 extends. With reference to
the illustrated embodiment of Figures 1 and 2, portions of the bulkhead 14 and the longeron
16 proximate the fastener are hidden from view by the splice plate 12 and the skin 18. While
portions of one or more layers of the multi-layer structure may be hidden from view, other
portions of those same layers, such as the bulkhead and the longeron in the embodiment of
Figures 1 and 2, may be exposed or otherwise visible or accessible. Thus, the same layer
may have both a hidden portion and an exposed portion. However, the exposed portions of
one or more layers of the multi-layer structure are generally spaced apart from the fastener
and may be spaced apart from the hidden portions of those same layers.

As such, one or more layers of the multi-layer structure 10, such as one or more
intermediate layers, may include a hidden portion proximate the hole 22 through which the
fastener 20 extends and an exposed portion spaced apart from the hole through which the
fastener extends with the hidden portion being covered or otherwise visibly obstructed by
another layer of the multi-layer structure, and the exposed portion being visible without being
covered or otherwise obscured by any other layer of the multi-layer structure (while the
multi-layer structure remains in an assembled state). By way of reference with respect to the
embodiment depicted in Figures 1 and 2, the splice plate 12 covers the portion of the
bulkhead 14 proximate the hole through which the fastener extends, with the portion of the
bulkhead that is covered by the splice plate being considered a hidden portion since that
portion of the bulkhead is not visible without disassembly of the multi-layer structure 10.
However, other portions of the bulkhead extend beyond the splice plate and are visible,
thereby constituting exposed portions of the bulkhead.

Anomalies that occur within the hidden portions of the multi-layer structure 10 are not
visible, absent disassembly of the multi-layer structure 10. Various types of anomalies may
be present within the hidden portions, with the anomalies occurring for various reasons,
including, for example, fatigue cracking due to stress concentrations that may be present
proximate the hole 22 through which the fastener 20 extends. By way of example with
respect to the embodiments depicted in Figures 1 and 2, an anomaly 30 is illustrated in the
hidden portion of the bulkhead 14 that is covered by the splice plate 12 and which is therefore
out of view.

In order to facilitate the detection of anomalies within the hidden portions of a multi-
layer structure 10, the system and method of embodiments of the present invention includes a

structural health monitoring system that provides for monitoring elements to be disposed
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upon the fastener 20 and upon an exposed portion of a layer under inspection that is, the
exposed portion of a layer that also has a hidden portion. See Figure 3 and operations 50 and
52 of Figure 4. In this regard, a monitoring element 32 may be mounted, such as by glue or
another adhesive, upon one end of the fastener that extends through the hole 22 defined by
the multi-layer structure. For example, the monitoring element may be mounted upon the
head 24 of the fastener or the distal end 26 of the fastener, as shown in Figures 1 and 2. As
noted above, another monitoring element 34 may be mounted, such as by glue or another
adhesive, upon the exposed portion of a layer of the multi-layer structure. In this regard, the
monitoring element may be mounted upon the exposed portion of a layer that also includes a
hidden portion proximate the hole through which the fastener extends. With respect to the
embodiment depicted in Figures 1 and 2, for example, a monitoring element may be mounted
upon the exposed portion of the bulkhead 14 that extends beyond the splice plate 12.

In order to permit the inspection of multiple layers of a multi-layer structure 10, a
plurality of monitoring elements 34 may be mounted upon the exposed portions of different
layers, e.g., different intermediate layers, of the multi-layer structure. For example, one
monitoring element may be mounted upon the exposed portion of the bulkhead 14, while
another monitoring element may be mounted upon the exposed portion of the longeron 16.
As noted above, the monitoring elements are generally mounted upon the exposed portions of
layers that also include respective hidden portions proximate the hole 22 through which the
fastener 20 extends. Additionally, the monitoring elements may be mounted upon either of
the opposed major surfaces of the exposed portion of a layer, as opposed to the edge of the
layer in order to facilitate the secure mounting of the monitoring element of the layer. While
the monitoring elements may be mounted to the exposed portions of respective layers so as to
be on the same side of the multi-layer structure by being mounted upon surfaces that face the
same direction, the monitoring elements may be mounted to different sides or surfaces of the
multi-layer structure, if so desired. Moreover, multiple monitoring elements may be mounted
in different locations upon the exposed portion of the same layer in one embodiment, as
shown in Figure 1.

According to embodiments of the present invention, the monitoring elements are
configured to operate cither as an actuator or as a sensor. Typically, the monitoring element
32 mounted upon the fastener 20 is configured to operate as one of an actuator or a sensor,
and the other monitoring element(s) 34 mounted upon the exposed portion(s) is configured to

operate as the other of an actuator or a sensor. In one embodiment, for example, the
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monitoring element mounted upon the fastener may be configured to operate as an actuator so
as to emit inspection signals, while the monitoring element(s) mounted upon the exposed
portion(s) is configured to operate as a sensor for receiving the inspection signals following
propagation through at least a portion of the multi-layer structure 10. Conversely, the
monitoring element(s) mounted upon the exposed portion(s) may be configured to operate as
an actuator in order to emit inspection signals into the multi-layer structure, while the
monitoring element mounted upon the fastener may be configured to operate as a sensor for
receiving the inspection signals following propagation through at least a portion of the multi-
layer structure. Still further, the monitoring elements may be configured to alternately
operate as an actuator and a sensor, if so desired.

The monitoring element may be configured to emit and receive various types of
inspection signals. In one embodiment, however, the monitoring elements are piezoelectric
transducers which are configured to operate as an actuator by converting electrical signals
that are used to control or trigger the actuator into mechanical vibratory signals that are
introduced as vibration inspection signals into the multi-layer structure 10, and are configured
to operate as a sensor by receiving mechanical vibratory signals from the multi-layer
structure and converting the mechanical vibrations into electrical signals that are thereafter
analyzed as described hereinafter. However, other types of monitoring elements may be
utilized, including monitoring elements that introduce and receive eddy current inspection
signals, acoustic inspection signals or the like.

In the embodiment in which the monitoring element 32 mounted upon the fastener 20
is configured to operate as an actuator, the monitoring element mounted upon the fastener
may be driven, triggered or otherwise actuated in order to generate inspection signals. See
operation 54 of Figure 4. These inspection signals would generally propagate along the
length of the fastener. At each material interface between adjacent layers of the multi-layer
structure 10, a portion of the inspection signals will propagate away from the fastener and
through a respective layer of the multi-layer structure. In this regard, although not shown in
Figure 1, the multi-layer structure may also include a sealant or other type of transmission
enhancement material between the fastener layers of the multi-layer structure, thereby
enhancing the propagation of the inspection signals from the fastener to the hidden portions
of the various layers. For those layers that include a monitoring element 34 mounted upon an
exposed portion thereof, the inspection signals that are propagating through the inspection

layer will be received. See operation 56 of Figure 4. With reference to the embodiment
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depicted in Figures 1 and 2, for example, a monitoring element mounted upon the distal end
26 of the fastener proximate the splice plate 12 is configured to operate as an actuator and
will be driven to emit inspection signals that will travel lengthwise along the fastener toward
its head 28. A first portion of the inspection signals will propagate away from the fastener
through the splice plate 12, a second portion of the inspection signals will propagate away
from the fastener through the bulkhead 14, a third portion of the inspection signals will
propagate away from the fastener through the longeron 16, and a fourth portion of the
inspection signals will propagate away from the fastener through the skin 18. By mounting
respective monitoring elements 34 upon the exposed portions of the bulkhead and the
longeron, and by configuring these monitoring elements to operate as sensors, these
monitoring elements may receive the inspection signals that are propagated from the fastener
and through the respective layers of the multi-layer structure, that is, through the bulkhead
and the longeron.

By utilizing the fastener 20 as a conduit through which the inspection signals
propagate, the inspection signals may be directed into each of the layers of a multi-layer
structure 10 in a manner that reduces the percentage of the inspection signals that are lost or
otherwise wasted by interference, reflection, refraction or the like, such as from material
interfaces between the various layers, and therefore increases that percentage of the
inspection signals that are delivered to the respective layers and are thereafter generally
available for detection. Additionally, by facilitating the propagation of the inspection signals
between the fastener and exposed portions of the various layers, the inspection signals will
propagate through the hidden portions of the layers of the multi-layer structure. With respect
to the embodiment depicted in Figures 1 and 2, for example, the inspection signals will
propagate outward from the fastener through the hidden portions of the bulkhead 14 and the
longeron 16 to the monitoring elements 34 that are mounted upon the exposed portions of the
bulkhead and the longeron, respectively.

The inspection signals are affected by, such as being modified by, the material
through which the inspection signals propagate. In this regard, one or more anomalies in a
layer, such as in the hidden portion of a layer, will cause the inspection signals to be altered,
such as by causing a change in amplitude, phase, frequency or other wave propagation
characteristics of the inspection signals. As a result of the propagation of the inspection
signals through the hidden portions of the layers, the inspection signals that are detected by

the monitoring elements 34 that are configured to operate as sensors will have been altered or
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otherwise affected by any anomalies within the respective hidden portions and will therefore
include information indicative of any anomalies that the inspection signals have encountered.

As shown in Figure 3, the structural health monitoring system also includes a
processor 40, such as a microprocessor or other computing device, that may be in
communication with and responsive to the monitoring elements 32, 34. Although the
processor may be configured in various manners, the processor of one embodiment operates
under the direction and control of computer program instructions, such as may be stored in a
memory device 42. As such, the processor may provide triggering signals for causing the
monitoring element configured to operate as an actuator to emit inspection signals, such as
inspection signals having a predefined amplitude and at a predefined time. Additionally, the
processor may receive the inspection signals that have been detected by the monitoring
clement(s) that are configured to operate as a sensor. The processor may then evaluate the
inspection signals to identify inspection signals that are indicative of an anomaly within the
hidden portion of a respective layer. See operation 58 of Figure 4. If desired, the processor
may store the inspection signals that have been detected and/or the results of its evaluation to
identify an anomaly.

The processor 40 may be configured to identify an anomaly in various manners. For
example, the processor may be configured with predefined thresholds, such as predefined
amplitudes phase shift and/or time delays, and may be further configured to identify the
inspection signals detected by a respective monitoring element 34 to be indicative of a
respective hidden portion having an anomaly in instances in which the inspection signals do
not satisfy the predefined thresholds, such as by having a lower amplitude a greater phase
shift, a greater time delay or the like. Alternatively, the inspection signals that are anticipated
to be received in instances in which a hidden layer has an anomaly may be defined in
advance, such as by testing a sample having a known anomaly. The processor may then be
configured to compare the inspection signals that are received from a respective monitoring
element to the inspection signals that would be anticipated to be received following the
inspection of a structure that has an anomaly. Conversely, the inspection signals that would
be expected to be received in instances in which a structure is free of any anomaly may be
identified in advance by testing a sample having no known anomalies. In this embodiment,
the processor may be configured to compare the inspection signals that are received from a
monitoring element to the predefined inspection signals in order to determine if the

inspection signals that are received are the same or sufficiently close, e.g., within the
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predefined range, of the inspection signals that are indicative of the inspection of a structure
having no anomaly or, alternatively, if the inspection signals differ from the predefined
inspection signals in such a manner, such as by deviating by more than a predefined amount,
so as to be indicative of a hidden portion having an anomaly. In one embodiment, the
structural health monitoring system may also include a display 44 with the processor being
configured to provide information, a depiction or the like regarding the anomaly upon the
display.

As noted above, by utilizing the fastener 20 to facilitate the propagation of the
inspection signals within or through the multi-layer structure 10, a meaningful percentage of
the inspection signals are delivered to and propagate through the various layers of the multi-
layer structure, thereby providing ample resolution and level of detail with respect to the
identification and detection of any anomalies within the hidden portions of the layers, such as
the intermediate layers, of a multi-layer structure without requiring disassembly of the multi-
layer structure. In addition, the system and method of embodiments of the present invention
may detect anomalies while the anomalies are relatively small and without awaiting growth
or propagation of the anomaly to an exposed portion of a layer, thereby facilitating repair or
other remediation efforts.

Many modifications and other embodiments of the inventions set forth herein will
come to mind to one skilled in the art to which these inventions pertain having the benefit of
the teachings presented in the foregoing descriptions and the associated drawings. Therefore,
it is to be understood that the inventions are not to be limited to the specific embodiments
disclosed and that modifications and other embodiments are intended to be included within
the scope of the appended claims. Although specific terms are employed herein, they are used

in a generic and descriptive sense only and not for purposes of limitation.
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THAT WHICH IS CLAIMED:

1. A method for detecting an anomaly in a hidden portion of a first layer of a

multi-layer structure, the method comprising:

providing a monitoring element on at least one exposed end of a fastener that
extends through the multi-layer structure;

providing another monitoring element on an exposed portion of the first layer;

introducing an inspection signal into the multi-layer structure including the
hidden portion of the first layer with at least one of the monitoring elements;

sensing the inspection signal with at least another one of the monitoring
elements following the propagation of the inspection signal through at least a portion of the
multi-layer structure including the hidden portion of the first layer; and

detecting the anomaly in the hidden portion of the first layer based upon the

inspection signal that has been sensed.

2. A method according to Claim 1 wherein sensing the inspection signal
comprises sensing the inspection signal following propagation of the inspection signal

through at least a portion of the fastener.

3. A method according to Claim 1 wherein the exposed portion of the first layer
is spaced apart from the hidden portion of the first layer with the hidden portion being

physically inaccessible without disassembly of the multi-layer structure.

4. A method according to Claim 1 wherein introducing the inspection signal

comprises introducing a vibration inspection signal into the multi-layer structure.

5. A method according to Claim 1 wherein providing another monitoring element
comprises providing a plurality of monitoring elements on respective exposed portions of a
plurality of layers of the multi-layer structure, and wherein the plurality of layers also include

respective hidden portions

6. A method according to Claim 1 wherein detecting the anomaly comprises

detecting the anomaly in the hidden portion of the first layer proximate the fastener.

12—
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7. A system for detecting an anomaly in a hidden portion of a first layer of a

multi-layer structure, the system comprising:

a monitoring element on at least one exposed end of a fastener that extends
through the multi-layer structure

another monitoring element on an exposed portion of the first layer, wherein at
least one of the monitoring elements is configured to operate as an actuator for introducing an
inspection signal into the multi-layer structure including the hidden portion of the first layer,
and wherein at least another one of the monitoring elements is configured to operate as a
sensor for sensing the inspection signal following the propagation of the inspection signal
through at least a portion of the multi-layer structure including the hidden portion of the first
layer; and

a processor responsive to the sensor and configured to detect the anomaly in

the hidden portion of the first layer based upon the inspection signal that has been sensed.

8. A system according to Claim 7 wherein the sensor is configured to sense the

inspection signal following propagation through at least a portion of the fastener.

9. A system according to Claim 7 wherein the exposed portion of the first layer is
spaced apart from the hidden portion of the first layer with the hidden portion being

physically inaccessible without disassembly of the multi-layer structure.

10. A system according to Claim 7 wherein the actuator is configured to introduce

a vibration inspection signal into the multi-layer structure.

11. A system according to Claim 7 further comprising a plurality of monitoring
elements configured to operate as sensors and disposed on respective exposed portions of a
plurality of layers of the multi-layer structure, and wherein the plurality of layers also include

respective hidden portions.
12. A system according to Claim 7 wherein the multi-layer structure comprises a

plurality of structural elements of an aircraft, and wherein the processor is configured to

detect the anomaly in the hidden portion of the first layer proximate the fastener.
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13.  An aircraft comprising:

an airframe comprising a structural component having a multi-layer structure
and a fastener extending at least partially through the multi-layer structure, wherein the multi-
layer structure comprises a first layer having a hidden portion proximate the fastener;

a structural health monitoring system comprising: a monitoring element on at
least one exposed end of a fastener that extends through the multi-layer structure another
monitoring element on an exposed portion of the first layer, wherein at least one of the
monitoring elements is configured to operate as an actuator for introducing an inspection
signal into the multi-layer structure including the hidden portion of the first layer, and
wherein at least another one of the monitoring elements is configured to operate as a sensor
for sensing the inspection signal following the propagation of the inspection signal through at
least a portion of the multi-layer structure including the hidden portion of the first layer; and a
processor responsive to the sensor and configured to detect the anomaly in the hidden portion

of the first layer based upon the inspection signal that has been sensed.

14.  An aircraft according to Claim 13 wherein the sensor is configured to sense

the inspection signal following propagation through at least a portion of the fastener.
15. An aircraft according to Claim 13 wherein the exposed portion of the first

layer is spaced apart from the hidden portion of the first layer with the hidden portion being

physically inaccessible without disassembly of the multi-layer structure.
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