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» speed of development
» the beauty of the final result
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Teach Yourself Programming in Ten Years
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» Hamilton &3 (EFF A A%, Self-adjoint)
Generalized Lagrangian : L=K -V + W
MFREERKRL, K, V, WHHZEARLT .

5T = (5/0T L(u(x, t),1i(x, £))dt = 0

> A IkfE % (Weighted Residual Method)

2

/Q p1(x) ;11 PDE;(u(x, 1), ii(x, 1)) dQ + /m p2x(x) Y BCi(u(x, ), i(x,1)) dS = 0

i=1
BEM: =0 FEM: =0
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Domain Eqs: PDE;(u(x,t),u(x,t)) =0, i=1,---,m

Boundary Eqs : BCj(u(x,t),u(x,t)) =0, i=1,---,n

> AR (FAG ALK A At ik
(1)Hamilton B3 (#hh %) KERANDHERE (#HF)

OI(u(x,t),u(x,t)) =0, ,xe€R"

(2) AnAR &AL % /Galerkin %
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—#mE, p1i(x) # ¢i(x), 3R pi(x) = ¢i(x) WARA
Galerkin 7 %,

> IR IRAE % /Galerkin iRiE R @ B, (2SI SAFE R
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> BR3i-1A% F)Z (Euler-Bernoulli Beam)
RFEFETGEN, THTWEHREHREHZ A,

» 754 % (Rayleigh Beam)
FRE WA E, THTEH A,

» Shear £
FREMATWEN, FitEHRENZA.

> SXARFAHTE (Timoshenko Beam)
ThRK. $HRNE. TEHHEE.

» Reference
1.Seon M. Han, Haym Benaroya and Timothy Wei, Dynamics of
transversely vibrating beams using four engineering theories, Journal of
Sound and vibration (1999) 225(5), 935-988
2. % %, Timoshenko Zi&hFH A2 914 ER L ¥k, FFRFFR (A
RAHFRL), 2005 (33) 6: 711-715
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Four beam theories

Beam models Bending Lateral Shear Rotary
moment displacement deformation inertia
Euler-Bernoulli v v b x
Rayleigh v v X v
Shear v Vv v %
Timoshenko v 1% v v

Figure: Four beam theories

The percentage deviates from the experimental values obtained by Traill-Nash and
Collar (1953)

Beam models First natural frequency Second natural frequency
Euler-Bernoulli +14% to +26% +78% to +133%
Shear 0% to +3% —1% to +6%
Timoshenko —1% to +2% —1% to +6%

Figure: Beam theories comparison
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» Timoshenko & (% &3 R & 5 4£3h 114 )

?w 0 ow

?¢p 0 g ow
o128 - 2 <Elax> KAG (a ~9)

K, called the Timoshenko shear coefficient, depends
on the geometry. Normally, xk = 5/6 for a
rectangular section.
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