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1D Vibration

Impulse Response         :

Time convolution:

X

m



COLUMBIA COMPUTER GRAPHICS GROUP

Simple Derivation of Impulse Response

Laplace Transform:
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Simple Derivation of Impulse Response

Inverse Laplace Transform:



COLUMBIA COMPUTER GRAPHICS GROUP

Numerical Integration

Digital IIR Filter:

Explicit Euler 
!

Implicit Euler 
!

Runge-Kutta Method
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Elastic Vibration

mass matrix
damping matrix

stiffness matrix
sparse, symmetric matrices



COLUMBIA COMPUTER GRAPHICS GROUP

Stiffness Matrix

strain tensor:

stress tensor:
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Stiffness Matrix

stress tensor:For isotropic, homogenous material:
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Stiffness Matrix

na
nb

ncf = Sn
Internal elastic force

force is linear w.r.t. displacementu
f = Ku
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Rayleigh Damping

Empirical model

Lack proper understanding of energy dissipation 
and damping behavior
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Linear Modal Analysis
Goal: solve

Generalized eigenvalue decomposition

with
and UTKU = S
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Change of Variables
Goal: solve

Let u = Uq
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Pipeline
Generate volumetric mesh
Construct the stiffness & mass matrices
Run generalized eigen decomposition
Construct the decoupled modal vibration equations
Numerically integrate individual modes



Thank you!
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