
STRUCTURAL HEALTH MONITORING UTILIZING PIEZOELECTRIC SENSORS—US PATENT 7,024,315 
 

The in-situ structural health monitoring, diagnostics, and prognostics system utilizes unobtrusive arrays of 
smart active sensors with embedded intelligence.  These sensors use wireless communication technology 
for remote supervision, health monitoring, and damage detection while examining a structural 
environment.  Applications include maintenance and repair of aircraft fleets, nuclear power plants, 
pipelines, pressure vessels, oil and gas tanks, electronics, buildings and bridges. 
 

The invention is more advantageous than present state-of-the-art technology because it offers embedded 
sensor capabilities that are unobtrusive and non-invasive, can be automated, and can be linked through 
wireless communication for inexpensive and rapid deployment and remote monitoring.  Because the smart 
active sensors are much less expensive than conventional ultrasonic transducers, they can be deployed in 
large sensor arrays covering wide structural areas. (USCRF # 284) 
 

PWAS AND EMBEDDED ULTRASONIC STRUCTURAL RADAR—US PATENT 6,996,480 
 

This invention discloses a class of active sensors (transducers) that operate on structures through strain 
and stress coupling with the structural material. These sensors are named Piezoelectric Wafer Active 
Sensors (PWAS). The active sensors can act as both actuators and sensors. As actuators, they convert 
electrical energy applied at their terminals to mechanical energy transmitted as excitation into the 
structure. As sensors, they convert the mechanical energy existing in the structure in the form of elastic 
waves and vibration into electrical energy to be collected at the sensor terminals. The bi-directional 
conversion of energy is achieved through the piezoelectric effect present in the piezoelectric material of 
the sensor. 
 

The sensors can be used as active sensors in embedded modal analysis and in embedded ultrasonics. They 
can also be used as passive sensors in monitoring the elastic waves produced by foreign body impacts and 
by crack growth (acoustic emission). The major potential industrial application of the invention is the 
detection of structural flaws during structural health monitoring using modal analysis and ultrasonics non-
destructive evaluation techniques as it can be applied to both metallic and composite structures.  (USCRF # 
327) 
 

SPIDAS: SELF-PROCESSING INTEGRATED ASSESSMENT SENSORS-PCT APPLICATION 2005/0114045 
 

The Self Processing Integrated Damage Assessment System utilizes embedded ultrasonics connected to 
lightweight analyzers to perform active structural health monitoring. The sensors provide data to 
analyzers, which is then compared to a database of past structural characteristics to determine potential 
flaws in the structure. Wireless capabilities can transmit structural health reports to a technician-operated 
computer for evaluation and eventual action. The ideal application of such a technology would be in 
aircraft but it can also be extended to stationary objects. The low cost of the embedded sensors allows 
networks to be constructed for large objects such as water dams. (USCRF # 407) 
 

ASCU-PWAS-AUTOMATIC SIGNAL COLLECTION UNIT FOR PWAS BASED HEALTH MONITORING 
 

This invention involves an automatic signal collection unit for piezoelectric wafer active sensor (PWAS)-
based structural health monitoring (ASCU-PWAS).  Because of the physical, mechanical, and 
piezoelectric properties of PWAS transducers, they act as both transimitters and receivers of Lamb waves 
traveling in the plate.  A PWAS array is needed to achieve an image of the structural damage using the 
embedded ultrasonics structural radar (EUSR).  ASCU-PWAS operates in conjunction with PWAS used 
for embedded ultrasonics structural radar (EUSR) and for E/M impedance structural health monitoring. 
The major potential industrial application of this invention is in PWAS array-related data collections. 
With the convenient connections between sensors and the switch and the capability of auto switching, the 
auto switch provides a simple solution of sensor array connection and data collection. (USCRF # 433) 
 

FEMIA—FAST ELECTROMECHANICAL IMPEDANCE ALGORITHM 
Electromechanical (E/M) impedance method is an effective and powerful technique for structural health 
monitoring. The E/M impedance method measures directly the high-frequency local impedance spectrum 
of the structure, which is much more sensitive to incipient damage than the low-frequency global 
impedance spectrum. A fast electromechanical impedance algorithm (FEMIA) for efficient measurement 
of the E/M impedance is proposed. Instead of using a sinusoidal input to the PWAS and slowly changing 
its frequency, this method utilizes a chirp signal which is abundant in frequency components. By applying 
Fast Fourier Transform (FFT), both to the input and to the response signal, the impedance spectrum of the 
PWAS is acquired.  The advantages of a chirp signal are: abundant in frequency components, easily 
controlled frequency sweeping range and speed, only one excitation sweep needed to acquire impedance 
spectrum, and the resulting impedance spectrum is continuous other than the discrete one acquired from 
previous method. (USCRF # 442) 
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STRUCTURAL HEALTH MONITORING 
http://www.me.sc.edu/Research/cmmnde/ 


