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NEW MEXICO TECH

M MICRO-SCALE DAMAGE DETECTION

 Goal: Detect and quantify material/structural deterioration at the earliest stage 
possible. Potentially,  before onset of cracking and macro-scale  fracture. 

 Micro-scale SHM Techniques

— Acoustic Emission (passive technology)

— Eddy Current (very local, need scanning)

— Electro-mechanical impedance method

— Nonlinear embedded ultrasonics
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E/M impedance spectra 

 Due to the mechanical coupling between the 
sensor and the host structure, the structural 
stiffness affects the sensor and, through 
electromechanical coupling inside the active 
element, is reflected in the electrical 
impedance measured at the sensor’s terminals.
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 Under electrical excitation, the bonded 
piezoelectric active sensor produces local 
strain parallel to the structural surface. The 
reaction of the host structure to this excitation 
can be presented in terms of dynamic 
structural stiffness or impedance
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M ELECTRO-MECHANICAL IMPEDANCE TESTING
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Sensor dynamics Structural dynamics

Structural dynamics stiffness:
Can be linear or nonlinear

Admittance

 Linear and nonlinear damage effects are reflected in the 
structural dynamic stiffness ratio. 

 Structural dynamic characteristics can be obtained through 
electro-mechanical impedance measurements

 Fatigue damage modifies structural stiffness and thus impedance



NEW MEXICO TECH

M FATIGUE SAMPLES

 2024-T3 Aluminum Dog Bone with 
Rectangular Notch Stress Concentration

 ASTM standard 557M

 Piezoelectric-Wafer Active Sensors 
(PWAS) with  UNF Electrode

 PWAS Permanently Bonded at 
Approx. 15 -20 mm from Stress 
Concentration
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M ELECTROMECHANICAL IMPEDANCE – SAMPLE 1 7
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M NONLINEAR RESONANCE
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M CONCLUSIONS

 Electromechanical impedance shows potential in  detecting and 

characterizing fatigue damage before onset of crack development.

 Frequency shift of impedance peaks can be used to asses fatigue damage 

in aluminum alloy. Magnitude of the shift correlates with damage severity.

 In the Nonlinear Resonance method, both linear and nonlinear shifts allow 
to detect and quantify fatigue damage

12

Future work

 Correlate ultrasonic data for fatigued samples with fatigue-induced 

changes in  electrical conductivity .

 Explore integration of embedded ultrasonic methods with vibration  

monitoring  and electrical conductivity measurements. 
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