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Select prior work 

•  1992 - Mohammad, Worden, Tomlinson, Direct approach 
•  1988 – Yashuda, Harmonic balance ID 
•  1992 – Yiang and Feeny, ID from Chaotic response 
•  2003 – Nichols and Virgin, ID from Chaotic interrogation 
•  2006 – Liang and Feeny, Energy balance (friction) 
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Noisy data: Splines or smoothing splines 
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Example energy balance: Oscillator 
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Example system 

Generic expression 

Balance energy 



Energy balance 
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Energy balance 

Conservative terms 

Nonconservative terms 
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Experimental system 
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Compare: Energy ID and analytical soln 
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Governing eqn Assumed soln 

Avg eqns 



Approx analytical solution 
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Analytical soln 

Integrated terms 



Comparison: Analytical vs energy  
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Error norm 

Fit analytical soln 



Magnetic pendulum example 
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Governing eqn 

Error norm 

Steps 
- Test energy balance on synthetic data 
-  Apply to experimental system  



Comparisons for simulated data 
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Experimental comparisons 
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Experimental bistable potential wells 
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Forced oscillator example 

17 

Example system 

Work into system 



Comparison of phase plane trajectories 
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Comparison of Poincare Sections 
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Questions ? 
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