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Introduction
Due to the complex cyclic and discrete loading experienced while in service, regular inspection and maintenance of an aircraft is necessary to verify and maintain overall structural safety. Based on Federal Aviation Administration (FAA) regulations, inspections occur on a cyclic basis verifying the condition and safety of the aircraft using methods such as visual checks and/or nondestructive techniques (such as a X-radiography or ultrasonic’s). In some cases, parts must be replaced without regard to condition due to the high stress or high fatigue experienced during operation. Alternatively, damages may develop to a critical level between inspection cycles leading to catastrophic failure. It is estimated that 20% of an aircraft’s lifetime costs go into inspection and maintenance. 
In recent years, the use of composites has increased significantly in aerospace vehicles. Airbus's recently released A380 is composed of approximately 25% composites and it is estimated that Boeing's new airliner, the Dreamliner (B787), will contain 50% structural composites. Due to their high stiffness to weight ratio, composites result in lighter aircraft and are slowly replacing traditional aluminum parts. Along with weight reduction, composites are also corrosion resistant, have improved fatigue life and can be fabricated into more form fitting designs than traditional materials. However, problems exist with composites that have slowed their introduction into aircraft structures. The laminated structure of composites allows for possible delaminations and other internal flaws which severely decreases the material's performance. Unlike metal structures, in which the damage can be detected visually, this “barely visible impact damage” causes concern with respect to maintenance and reliability. Composite structures must be over designed and inspected on a more regular basis due to this uncertainty in performance and it has therefore become of increasing interest to develop a new means of monitoring the health of these structures. The ability to determine the health state of an aircraft has the promise to change the current inspection cycles into “condition based maintenance” and increase the use and safety of composites in aircraft structures.
The goal of structural health monitoring (SHM) is to determine presence, location, type, and severity of damages within a structure. Current SHM techniques using non-destructive evaluation (NDE) methods are beginning to replace visual and destructive testing. However, the part must still be monitored during regular inspections, requiring the aircraft to be temporarily taken out of service. Access to the components being inspected and potential disassembly for use of large equipment, such as a C-scan system for composites, may also be necessary. The idea of Integrated Structural Health Monitoring (ISHM), wherein sensors/actuators are integrated with the structure itself, has therefore become of increasing interest. ISHM would decrease the amount of time and man power necessary to inspect a structure and would allow for real-time damage diagnosis on the ground and during flight.
Current ISHM methods have been able to determine presence, location and severity of damage; however little work has been conducted on determining the type of damage present. Some areas of research have looked into the optimum Lamb wave characteristics to be used for diagnosing different damage types, but not a process by which damage type can be extracted. Therefore, a Time Reversal method, by which damage type has the potential to be determined, was investigated experimentally. 

Method
Currently, structural health monitoring techniques are conducted by comparing a structural’s acoustical response with baseline “healthy” responses.  Using pattern recognition, variations from the baseline data alert the existence of damage. Unfortunately, operational and environmental conditions affect the acoustical response of a structure, making it necessary to have baseline data for all possible conditions. This necessity for extensive baseline testing negates some of the benefits of ISHM and motivates the development of a baseline-free SHM technique.
The concept of using a Time Reversal (TR) was first used as a means to compensate for the dispersion of Lamb waves, but has recently been applied as a baseline-free method for damage diagnostics. The time reversal method functions using a pitch-catch transducer setup. As shown in Figure 1, for a transducer array of sensor A and sensor B, a tone burst is emitted by A and received at B. The received signal at B is reversed in time and then reemitted. The signal is recorded at A and reversed in time again. A comparison is then made between the original tone burst and the time reversal of the received signal at A. For a healthy specimen, the time reversed signal at A should match up exactly with the original signal actuated. However, if any damage exists within the path between A and B, the comparison of the two signals is no longer identical, alerting the presence of damage. A damage index is typically used to classify the extent by which the two signals differ. This variation from the original signal (for damaged cases) is due to the assumption of linear reciprocity within the time reversal. For an elastic structure, the wave propagation is approximately linear for a healthy case and therefore, the TR holds. But, when nonlinearities are introduced to the structure, such as damage, the base of the TR no longer holds true and therefore the two signals do not match up at A. 

Figure 1: Time Reversal Method
The implementation of the Time Reversal to determine the type of existing damage can be accomplished in a few ways. The most fundamental technique is to identify particular characteristics in the received signal at A which are unique to a certain damage type. Unfortunately, this is more of a qualitative approach and is therefore difficult to implement in an autonomous damage detection system. A second approach is to analyze the damage index distribution across the entire plate. Based on the distribution type, whether it is highly concentrated in one area or more evenly distrusted across a certain area, could be used to identify damage type. Again this is a more qualitative approach, however there exists a higher potential for use in an autonomous system.

Experimental Set-up
An experimental set-up using a quasi isotropic carbon/epoxy plate with mounted piezoelectric disc sensors was used to implement the Time Reversal method. The eight ply carbon/epoxy plates, in a symmetric [0/90]2s layup, have been fabricated using Pre-preg and a vacuum bag/oven technique. A piezoelectric (PZT) actuator/sensor network was integrated onto the composite plate as shown in Figure 2. Wavelet based signal processing was used for feature extraction and to eliminate ambient noise. 
 (
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2
: Transducer Network
)A variety of damage states were examined by varying the type and extent of damage. Damage types consist of impact damage, delamination and complete thickness cuts. The extent of damage was varied by controlled methods (such as dropping a metal ball barring on the plate from different heights to simulate impact damage and varying the length of the saw cut).

Results and Conclusions
	Preliminary results have shown the existence of unique Time Reversal affects based on damage type; however results are signal path dependent and inconsistent. In particular, the indication of damage within the plate with the saw cut, where damage is visually noticeable, is barely picked up and suggests that there are still problems with the current experimental set-up.  A more comprehensive data collection procedure is necessary to further investigate the use of a Time Reversal to determine the type of existing damage.   
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