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1D Vibration

mx + kx = 0
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1D Vibration

mx + dx + kx = 0
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1D Vioration

mi + di + kx = f(¢)

Impulse Response R(t):
mx + dt + kx = 0(t)

Time convolution:

f R(t — 1)
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Simple Derivation of Impulse Response

Laplace Transform:  F(s) :/ e ' f(t)dt
0

(ms” +ds + k)z(s) =1
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Simple Derivation of Impulse Response

1
ms? + ds + k

Inverse Laplace Transform:

I(s) =

k _
w=1/—, §_2mw wg = wy/1— €2,
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Numerical Integration

Explicit Euler
Implicit Euler

Runge-Kutta Method

Digital [IR Filter: :
T — 26 o8 021 — e2n o - 2 fr_1le cos(@ + v) —e” cos(20 + )|
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Elastic Vibration

u + Du + Ru = T(t

.
'-bt’ e o L
o L/ ‘4'A'Am
al SATALrtrsIx e A9
7 | - . " - ANAYAY S >
-4 #° ot X3 iy
afs vot= - -
. =
‘. \
) -

MAaASS matnix
damping matrix
stiffness matrix

In X In sparse, symmetric matrices
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Stiffness Matrix

F=[zo—a1 @3 —x1 x4 —21][Xo — X1 X3— X1 Xu—Xq]0 Pl

strain tensor: E = %(F +FT)

stress tensor: S=C:E T4

Sab = Z CabijEij
2,
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Stiffness Matrix

L1
Soessoteosia; hormobenbus material: 2 4
2
Ciitl = K0ijor + 1(0i1051 + 0:1055 — = 040k1)
3 T
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Stiffness Matrix

INnternal elastic force

f =5n
= (C:E)n

force iIs linear w.r.t. displacement U
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Rayleigh Damping
D = aM + SK

® Empirical moadel

m [ack proper understanding of energy dissipation
and damping behavior
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| inear Modal Analysis

Goal: solve
Mu + Du + Ku = f(?)

Generalized eigenvalue decomposition

MU = MUS
With
U'MU =1 and UTKU = S
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Change of Variables

Goal: solve
Mu + Du + Ku = f(1)
Let uw = Ugq
U*MU¢ + U* DUg + U* KUq = U” £(t)
T > G+ (al+8S)g +Sq = U" (1)
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Pipeline

Generate volumetric mesh

Construct the stitffness & mass matrices

Run generalized eigen decompaosition

Construct the decoupled modal vibration equations

Numerically integrate individual modes

Render the Possibilities =

Gt CorumBiA CompuTER GRAPHICS GROUP A/\ SIGGRAPH?2016 r",g
) )

28
7 N




Thank you!
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