Modal solution of undriven CT

LTI state-space models
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UVA/Padova model (FDA approved!)

[ X1(t) =—kgnx1(t) +4d (),

X2(t) = kgrix1(t) — Kempt (x1(8) +x2(£)) x2(8),

X3(t) =—kapsx3(t) + kemp (x1(t) + x2(8)) x2(2),

x4(t) =EGP(t) + Ra(t) —Uii(t) —E(t) —kixa(t) +kaxs(t),
xs5(t) =—Uia(t) +kixa(t) —kaxs(t),

X6(t) =—(ma +ma)xs(t) + mix10(t) + karx11(t) + kaax12(t),

X7(t) =—pauxz(t) +qu( x;/(t) _Ib)

1 xg(f) =—kixs(t) +ki x;(t), (1)

Xo(t) =—kixo(t) +kixs(t),

X10(t) =—(m1 +ms(t))x10(t) + maxe(t),
x11(t) =—(ka +ka) x11 (f) +i(F),

x12(t) =kax11(t) —ka2x12(t),

5613(t) =—kstC13(t) +koexa (f),

x14(t) =—ncx1a(t) + SRu(t),

x15(t) = _.kHXIS (1) + kumax{x14(t) — Hs,0}, From Messori et al.,
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Linearization at an equilibrium yields
an LTI model

CT case: q(t) =q+q(t), z(t) =+ x(t),

ﬁ
0q g,z

of
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ORI CORS E= O

for small perturbations q(¢) and x(¢) from equilibrium



Phase plane trajectories

State trajectories for different initial conditions




Complex eigenvalue pairs (CT case)

If \; is a (complex) eigenvalue with eigenvector v; ,
then its complex conjugate A is also an eigenvalue,
with associated eigenvector v; .

Write i = 4 +]wz , V; — Uy —I—]VZ . Then the
contribution of the complex pair to the modal solution is

T koK _ ot
a;v;e " o v et =

Ke it {ui cos(wit + 91) — W; sin(wit - 97,)}



Acoustics and Vibration Animations

Have fun exploring the animations created by

Prof. Dan Russell, Penn State



http://www.acs.psu.edu/drussell/demos.html
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