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Background
• Extreme impulsive loading in impact

• High magnitude forces (>>1 MN)

• Short duration (<1 ms) impulse and high frequency (>100 kHz) content

Approach 2: Experimental Structural Dynamics
• Non-contact laser doppler velocity system with broadband sensors
• Side-by-side coherence of ~100 kHz, beating best published results 
• Understanding of cross-axis sensitivity and local resonances in response

Current Impact
• Nearly arbitrary (104+) increase in computational propagation of stress waves 

• Identification of low-level damage (10% stiffness) in early (10 ms) transient 

response of structures

Approach 1: Structural Health Monitoring
• Successfully developed baseline-free passive damage detection scheme

• Can detect cut/crack damage perpendicular to longitudinal wave

Research Goals
• Increase experimental coherence of co-located sensors beyond 100 kHz 

• Identify damage within 1 ms of onset in hardened structures 

• Accurately propagate shock waves over multiple interfaces for >10 ms
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Approach 3: Spectral Modeling of Wave 

Propagation

• Input load is transformed into

spectral domain

• Spectral domain response calculated

• Time domain response obtained through 

inverse transform

Approach 4:  WASABI
Wavelet Analysis of Structural Anomalies using Baseline 

Impulse-Response

• Develop impulse response-based wavelets 

for signal analysis and modeling

• Localized waveform

• Energy content bounded

• Ideal for studying localized signals

• Discrete Wavelet Generation

• Detail coefficients (wavelet) ~ high frequency

• Approximation coefficients (scaling function) ~ low frequency

• Calculate coefficients h of scaling function

• Utilize pseudo-inverse of matrix

• Better resolution of differences at unity scale!
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Experimental Data SFEM Simulation
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Technical Challenges
Computational Simulation of Impact and Penetration

• Poor numerical accuracy over entire event

• Limited bandwidth

• No predictive analyses for substructures/components

• Lack of high quality validation data

Structural Health Monitoring

• Sample times typically seconds, minutes, hours

• Requires high-fidelity baseline

Interface Dynamics

• Poorly handled interfaces reduce simulation confidence margins

• Diversity of parameters makes classification difficult: roughness, preload,

materials, lubrication…

Planned Impact
• New element families and code architectures for hydrocodes

• Improved broadband modeling of all levels of structural response

• Instantantaneous identification of damage in structures
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Dodson et al,, “SHM of an Impulsively Loaded Structure Using a Wave-Propagation Based 

Instantaneous Baseline”, Proc. SPIE Smart Structures/NDE, San Diego, CA, March 10, 2010.
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