YN 2

P 1
wqwgwugm

21

*
21 3
21 3
' ' " (Lagrange's equation)
(matrix)
IMIXH{CRXFHKX} =} 21
Moo= [X] X2, x3] (dlisplacement vector)
{f}=[f1,12, 13] (force vector)
m 0 0
M= 0 m2 0 (mass matr)



Cl+c? "Q

C= @ c2+c3 (damping matrix)
0 ®
kj + k2 )
K= -k2  k2+k (stiffness matrix)
0 -k 3
(2.1) (physical coordinate)  x1,x2, Xg
M 1Kl [C]
(couple)
(modal
analysis) (principal coordinate)
[C] | | (]
[C] = ocM] + pK] (
(structural damping) )
2.1)
C] ( )
2]
(Duncan) [3] (2.) 2
o ( )
x M M 33 0
<> < (2.2)

Ml [CL 33 KL {1

1



12

! ~{0}-

{z} = (q) = 23)
X
o] [M] M) [of
[B] = 24)
M [CL _[o] KL

@3)  (24) 22)

[A{z}+ [B] {2} = {q} (25)

(free response)

{a} ={0} (25)
[Alz+ [BRz} = {8

[A] 1
{tht 11 [S[{z} = {o}
{z(t)p ={z}e"
(XI+ 1T D{zt={0} (26)
(2.6) (eigen value problem)

(eigenvalue 1X)
(complex conjugate pair)

V2o o~ 1 °ni

34~ w 2



n56 — JrTN 2w

nj i

(eigenvector 1}$}) 6

{© 1= 8y Sigdaid iR elf

(mode
shape matrix 1[0] )

[8] = [{$1}.{%2},....{36}]

[0] (mass normalized) [®]
(orthogonal property) [A]  [B] (2.5)
[§f ][$] =1 27)
[$]1T[B][$] = diag(-x1,-x2,...,-X6; (28)
(force response)
{7} = [$]1

{Z} = xi.x2 , x3.xj,x2, x3]T

{}=[\>2>3>4" 5>}
29

Az B12-= @
29

IS 3+ [EISK 3= @

13



[$1T

$1T[AlIS 1 1+ [$1TI5 181 )= [81T(g)
e @8

{ }+diagC-Xj¢X2,..., -X6) { }=[$]T{q} (2.10)

(2.10) 6
1 (2.9) {z
({})
(2.1) (physical coordinate)
X, Ix21 X3 (physical model)
(physical parameter) ()1
(k) (©)
(2.9) (2.10)

(modal model)
(modal parameter)

X) (13])
2.2
Mathematical Model
Parameter Response
—p o — B
a s LHUUADINI
WU DI = % AANIIADUTUDY
AUAFITAT
2.2
2.2 (forward

analysis)



Parameter

a 4
WU DT

Mathematical Model
Response
» HUVIADIN
WNANISADUTUDY e 5
AMUAFAITAT
2.3
2.3

function)

(parameter estimation)
(least-squares regression)

(analytic solution)
(numerical  method)

(iterative method)

4

(inverse analysis)

(transfer

(error term)

(linerization)



2.1 2

2.3 2.4

2.3

(2.10)
{ }+diagC-Xj X2, .., -X6){ }=[$]T{q}
(frequency response)
{={F>epdt - (210)
{ }-{Tre<lt 212)
{z} = {X)e" * (213)
1) (1) (210)

joo {T>+ diag(-X15-X2 ..., -X6) {7} = [$] T{F}
diag(jw -Xpjco -x2,...., jw -X6) {1} =[$]T{F} (214)

(2.14) 6 ( )



(2.9)
{2} = ["l{ }
(2.12) (2.13) (2.9)
el = @) mpel® !
{Xp= [ }
(2.10)
(xy= £ r{"}
(2.15) (2.17)
o {$ JT{FH$ }
W7k \—= L
joi -Xr
(2.18)
2.1 (output) 3
(input) 3
(2.18)
i
£ & ¢
Hio(w ):_0 s E e OF
F  r=1jw - )\r
2 (2.3)

0=41i=5

17

(2.16)

(2.17)

(2.18)

(2.19)



Ry Py L B My 5

0-K jo-X

2.4

H,. ()

3.5

2.5

Hg, (W) , m/s?
N

1.5

0.5

2.4

¥53 %43

W -X3

38 § 9

54 4 |

joo -X4 jw -X5

1 Hsa( )

5 45 |

$<E> 2.20

5% 46

jw -X6

1= 120 kg 1 2=100kg 1 3 =
80 kg 1k1= 80 kN/m 1k2=60 kN/m 1k3 =150 kN/m 1¢,= 100 N-s/m 1c¢2 =80 N-s/m
¢3 = 60 N-s/m

(2.6) (

(2.20)

. . g/ ! ] . : ; :
| i i
oo b e A FE SRS (S .
PG 1 |! .......... i e S S T N !
I ! : : :
j' : : : : :
R e T |
il : ] ' :
[l : : : : g
N i i (G it Iaancr TRk iy T e
1 : S : :
(i s z *kz e 5
L kL .......... ..... ; ..................... ......... =
/ .\ ’j / \\: '
& N B L i N i
e | [ — —’1/ 1 1 e N
0 1 2 3 4 7 8 9 10

18



HE4( )

)

(discrete Fourier transform)

x(t)

FFT

25 ) Hs4( )
ft)
SEA TN
FFT
flw)
x(w)
H(w)=
flw)
2.5
GH( )
H54( )
Go4( )
k k
G( k)
G( )
Hs4( )
(2.20) ()

x(w)

H(w)

1, £1[3]

19



2.4

20

Hw) H(w,7r 727n )

k

(T2 n)= 0( -H("K'Tn .dm) (20

(2.21) k 7
E,.1=£ [E (7)2= £ E (7)E* (7 2.22
total k=l k() K k()k() e

(differentiate) Etotail 7 0
% ol _ =12 N (2.23)
ayi ’ o
(2.23) N N
11f
[$]

[4] 1[5] 1[6]
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Ng »el M-

(continuous state space model)

[7]

1 (linear time invarient
system) (disturbance)

{x} = A{x}+ B{ } (2.24)

{y}= C{x}+D{u} (2.25)
{x} = (state variable) (x1)
{}-= (Input signal) (rx1)
{ = (output signal) (mx1)
A = (System mtrix) (X )
B = (Input metrix) ( xTI)
C = (output metrix) (m X
D = (feedforward matrix)  (mx 1

= (System orckr)
m =
r -
(state space description)
21 (21)

MI{x}+ [Clix+ [KJx} = {1y
M 1

i+ [MPA(CT ¢} + MK} = [M] 147}
0 = -MICK - MUK +[MLIE (220

(226) 3



MO - MK M

> = >+

(226)

(M [C] - M) K] [M] :
- {X}+

2.%) (2.24)

"M - MK [My1

2.30) 2.2

.21

28)

(229

230

(23)

22



AB.CD

(2.24) {x} =A{x}+B{u}

(laplace transformation)

w
-
b~
—~
>
—
[
——
1
o
——
—
[
——
+
——
>
—
o
—
——

2%) W = cxg

23 2R

{Y(S)} = C[SI-AJ1B{ ()} + C[SI-A]L{x(0)}

234) Y
2

{ ()=} (2.34)
(Y($))= CISI-ATL ()]
[H(s)] = C[SI-A] 1
)} = [H(s)H{x(0))
oy 1 )}

2.1

(2.32)

(2.33)

(2.34)

(2.35)

(2.36)
237)

23



3 3 )
y,(tK) | tk
=123 k=12,31L.N
Yj(tk) i (2.36)
(2.37)  1=12,3  k=12,3..N
i
Ei=  [yi(tk)-y,(tk)32 (2.38)
3
Motal ) (2.39)
(Etca)
[7]
2.5
gUnsainTzAuszLY
u;; structure —
12/// A fW
gUnsaliananouaUDs
)
gnsalingizi

2.6

24



2.6
3
1) 2

1.1) (shaker) (signal

generator) (electrical motor)

(Sinusoical excitation) (random excitation)
1.2) (impact hammer)

(impulse force)
mass loading

2.1) (piezoelectric type)

25



26

2.2) (strain gauge type)
f

2.3 LVDT (linear variable differential transformer)

1 2
3

(FFT Analyzer)
(AD card)
(analog) (cligital)

26
(intial condition)



LVDT
LVDT

(AD card)
(analog) (cligital)
6.1 (Matlab Version 6.1)
system identification toolbox

( )

7

21
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