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(1) 92al" (exact solution method),
(2) *A}8l*H (approximate solution method),
) 3k 2 2~ W (finite—element method)
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2.[37] According to the definitions of the following functions, what does each
function satisfy among the equation of motion, geometric boundary conditions,
and natural boundary conditions of an eigenvalue problem?

(a) admissible function, (b) comparison function, (¢) eigenfunction

3.[54] A lumped mass M and a spring of the stiffness k are attached at the end
of a nonuniform rod (length L, mass per unit length is m(z), axial stiffness
EA(z)) which is under axial vibration as shown in the following figure. Write
(do not derive) the expressions for the potential energy and kinetic energy of
this system in terms of the axial displacement u(xz,t) in the rod.
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m(z)
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4.[8%4] Consider the torsional vibration of a nonuniform circular shaft fixed at
one end (z=0) and free at the other end (x=L). The distributions of the
torsional stiffness and mass moment of inertia are as follows:
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Obtain the lowest natural frequencies and mode shapes by the Rayleigh—-Ritz
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5.[3"] Explain the procedure, advantages and disadvantages of the following
approximate methods to solve the vibration problems of continuous systems.

(a) Galerkin’s method, (b) collocation method,

(c) assumed-modes method
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lumping method : A|2=€1& o] 7§19 segment® &3] 7} segmentd] mass$

stiffnessE HFA7]1, A|2~8l9] mass matrix® stiffness influence matrixs
T4 8l algebraic eigenvalue problem<= & A gk,
influence coefficients method : A|=®S o2 719 segment® +&3}o], 7} segment
o massE HEAIAA Al2E9 mass matrix® T-A S, flexibility influence
coefficientE ZA12F3Fe] A3 matrixe] 93 H 24 stiffness influence matrix
E A3} algebraic eigenvalue problem= & Al gl.
Holzer's method : shaft®] torsional vibration, rod® axial vibration, string®
transverse vibrationol] A-&% 4 g HPH o7 A A|AEIS B35l stationd
mass®} field9] stiffnessZHE transfer matrix® TFASI, AAZAS 2 &3}
o] frequency equatione A4 s} natural frequency®t modal vectorE T3,
Myklestad's method : beam® bending vibrationol] &8 4 &= WHOZA, AlAH
S Ba3ste] station®] masset field?] stiffnessZ 5 transfer matrixs A3}
1, AAZRAS ALY frequency equations HA 3] natural frequency9}
modal vectorg 3.
Rayleigh's quotient : maximum potential energy®} reference kinetic energy®ll trial
functions tidste] 1 HIEEZRY 14 14EFe] Aeiks 7+
Rayleigh-Ritz method : trial function®] A3 ZAggo= 3o FHegE FAHs
Rayleigh quotient®] =37} 0¢] HEZE 3}o] mass matrix®t stiffness
matrixE A 3s}al, eigenvalue problem? & g

assumed mode method : Rayleigh-Ritz methodol] F7}3}o] external forceE ¥ 3THA|
71 WA 2o modal analysisE A 8&38}o] A]2® Q] response® 1%

Galerkin's method : eigenvalue problem®l| trial functionS Z£% uwjo X
(residual)®l trial functiong 7} 3F=(weighted function)® #3}ed < ol A
HEg Aot 00 HEE Fomy HFuAowm WAAS WSt algebraic
eigenvalue problem& TAlsle] & -3t
collocation method : eigenvalue problemel trial functionS A< w] EA XA 7
AZxA e AL wE3EE o ZH algebraic eigenvalue problem<
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a complex structure (system)
1 discretization

finite elements

! variational approach — Rayleigh-Ritz method
equations of motion for individual elements = element matrix A, M,
! assembly
equations of motion for the system = global matrix K, M
! solution

motion at the nodes
l interpolation

motion inside the elements



[2] (a) An admissible function satisfies geometric boundary conditions.
(b) A comparison function satisfies geometric and natural boundary conditions.
(c) An eigenfunction satisfies the equation of motion and geometric and natural

boundary conditions.

[3] potential energy
B

kinetic energy

T = 2/m {6uxt)}dm N iM[au(x,t)
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[4] torsional vibration

differential equation of motion
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[5] (a) Galerkin’s method

(6]

procedure :

advantage :

disadvantage :

(b) collocation method

procedure :

advantage : relatively easy to evaluate the coefficients k;; and m;;

disadvantage : The matrices [k] and [m] can be nonsymmetric, and the solution

of the EVP is complicated because the orthogonality is not valid.

(c) assumed-modes method

procedure :

advantage : deriving the response of a system to external forces or

initial excitation in terms of only admissible functions.

disadvantage :
(z1,9,) = (0, 0), (29, 95) = (8, 2), (z3,y5) = (4, 10)
p; = 100 Pa, py, = 150 Pa, ps = 200 Pa

p(x,y) ot ayr toagy

p(0, 0) = o, = 100 Pa

p(8, 2) = (100 Pa) + a, (8 m) + a3 (2 m) = (150 Pa)
= B8 ma, + (2 m)a; = (50 Pa) - @

p(4, 10) = (100 Pa) + a, (4 m) + a5 (10 m) = (200 Pa)
= (4 ma, + (10 m) a3 = (100 Pa) - @

D@ = a2=?Pa/m, a3=%Pa/m

p(z,y) = (100 Pa) + (% Pa/m) = + (%5 Pa/m) y

A(z,y) = (6 m, 4 m)

p(6 m, 4 m) = (100 Pa) + (% Pa/m) (6 m) + (% Pa/m) (4 m)

- 166% Pa = 166.7 Pa



