FEM for Vibration Problem

Governing equation and weak form
Space discretization

Mass matrix and damping matrix
Direct integration
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Governing Equation & Weak Form (1)
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Governing Equation & Weak Form (2)
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Discretization: Space
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Mass Matrix
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consistent mass matrix: (1st order element) lumped mass matrix: (Oth order element)
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Damping Matrix

« Structural damping: inside the structure
* Viscous damping: outside the structure

if the damping coefficient 7 of the specimen is obtained through the dynamic materal test,

. . H.=aD .
o= o + 0, =ke+né >0=De+Hi—">c=D,(c+as)
—~ ——
elasticity  viscousity

C. = aK_(proportional dampin
_rem [T = - (prop ping) — C, = M, + a K, (Rayleigh damping)

C, =M,
S h, a)22 hla) | C|>

w,’ — o] o, . i-th natural frequency
< hye, "™ 1 :ith damping coefficient
B = 2w, hla)ZZ 2201 i - pIng

W, — 7] L-J k

Fundamentals of Finite Element Method Unsteady Problem - 46



Solution Method

Md + Kd = F (no damping)
Md +Cd + Kd = F (damping)

* Linear problem
— Direction integration method (sequential integration)
— Mode analysis method
— Frequency response method
— Response spectral method
* Nonlinear problem
— Direction integration method
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Direct Integration Method

+ Central difference: O((At)?)
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 Linear acceleration method
« Newmark’s 3 method
* Wilson 6 method
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Linear Acceleration Method
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Newmark’s 3 method (1)
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Newmark's £ method is proposed for unconditionally stable integration scheme.

Fundamentals of Finite Element Method Unsteady Problem - 50



Newmark’s 3 method (2)
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Wilson © method (1)

« Extension of linear acceleration method
— Newmark [ method: linear between t, and t_ .,
— Wilson 6 method: linear between t, and t, .
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Wilson © method (2)

[unknown: acceleration |

Mdn+H+Cdn+H+Kdn+H :Fn+0 N
ont)’ ). .
M+9AtC+( ) K d”*9=F“+9—C(d”
2 6
dn+9_)dn+l_>d'n+l’dn+l

[unknown: displacement |

-

dn+¢9

. At) .. .
—d" + OAtd" + (0;) (d”*ﬂ + 2d”)

neo _ o, OAL ooy oo
\d‘g—d Z(dg d)

M(jn+9 +C'n+¢9 +K n+6 :Fn+¢9 N

"
(at)’

dn+6’_)dn+9_>dn+1_)dn+1 Jnﬂ

OAt

Fundamentals of Finite Element Method

%

%d”j K{d” + OAtd"

(),
i 3

Jn+0= 6 Z(dn+9_dn)_idn_2"l'n
(oAt) OAt
n+6 _i(dma _dn)_Zd'n _@dn
OAt 2
a5 g +C(@d“ +2d"
OAt (6nt)

+iC+K]d”+H — F"? +M{2d'” +

+id”]
At

Unsteady Problem - 53



