2
force, fj )1 ( Stiffness force, fs )
51
C
K
(o]
77 p 7,71
31

¢ Wrzzzzz7220222200222
= S
as B -
77 777

3.2

(Inertia

( Damping force, fD)

k
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fl+D+f5 =p(t) (3.)

p(Y
( Linear elastic)
( Hooke’s Law )
fs = ku (32)
31

mii(t) + cO(t) + ku(t) = p(t) (3.3)

0,u
{
) g
ut(t)=u(t)+ug(t) (34)
34

mi(t) + cu(t) + ku(t) = - mig (3.5)
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31 ! ( Undamped System )

mi(t) + ku(t)=0 (3.6)

311 ( Mass Matrix )

(inertia force )

35 ?

(Lumped Mass )
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0.5mL
LJ

9 0.5mL

0.5mL
LJ

0.5mL

3.3

(3.7)

000 039,

(3.8)

O OO O
OO ~
COOHAO
QOO O

Oc-1 OO O

me =3

012

0 00 0O



3.1.2

(3.6) ( Free Vibration )

(1) = dsm(<yt +(9)

(e}

( Mode Shape )
( Free Vibration )
U(t)= -<y2isin(<yt + 0)= -ru2u(t)
(3.6)
(-ry2m + k)asin(<y t + <9)=0
Usin(0) t + o)

(- ft)2m + k) = 0

( Eigenvalue Problem )

[k - 9om] 4=0

19

(3.9)

(3.10)

(3.11)

(312)



3

1 f (Vector Iteration ) ( Direct
Iteration Method ) ( Inverse lIteration )
2. ( Matrix Transformation ) k() = con<)
Al) = x> Householder’ Method 1
QR Method

- ( Determinant )

det|£- Xm\

3.1.3 ( Inverse Iteration with Shift )

MATLAB

( Eigenvalue Problem)

QR

Drigin 1 — J 3 -

34



34

X 3.12

[k -

()= Xm49n

kA=Xm~™n

0= "0
k<t v o= 10)
3.17
k =LdL = LU
L
=dLT
3.18
LUAy= 1)

(ju)

(f>

3.16

(2=1

3.15

MBI ftfl |
fite

LU

Al «l U Lt
{ 1Zérca

(3.13)

(3.14)

(3.15)

(3.16)

(3.17)

(3.18)

(3.19)



3.19

He>'l #»

AFa(0
(12} 0 < tolerance
H» = e omem r
(#
(3.21)
32 (Damped System)

mu(t) + cu(t)+ ku(t) = p(t)

(normalize)

(3.17)

22

(3.20)

(3.21)

(3.22)

(3.23)
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321 ( Damping Matrix )

(Modal damping ratio )

[ Orthogonality

( Modal Damping Matrix ) ,c

0

C :<IGH=2 %212 (3.24)

o

£1 [

Mij i

1C <

cC=y ICq 1 (3.25)
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3.2.2 ( Modal Analysis )

3.23
nYn (3.26)
( Total Displacement) V]
=</>1y1+0 2y2+ ....... + <>n)/n (327)
W W
3.27 U= (j))y U 3.23

mgriy(t)teg ny(t)+kg ()= p(t (3.28)

328
(> griiy)+rinTegri y(t)+frkgriy(t) =nnTp(t) (329)

Orthogonality

Orthogonality
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(dnibm =0 (3.30a)
<kahm =0 (3.30b)
inTctm =0 (3.30¢)
n~m 3.29
M.y (1) + Cny (1) + K,y (t)=p.(1) (3.31)
=KTIr K
Kn=h rM,
cn="1
P, (=ATR)
3.31
Yn(t)+2e.< ynt)+<, yrt) =" (3.32)
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( Uncouple )

(Numerical )

1. Explicit i+1 [
( Central Difference Method ) ( Conditionally stable )
(Time Step)
2. Implicit i+1 i+1

Average Acceleration Method 1 Linear Acceleration Method

( Unconditionally Stable )

3. ( State Space Vector)
3.2.3 (' State Space Vector )
( MDOF )
, P(1)
my(t) + cy(t)+ky(t)=p(t) (333)

X=£—y= 1 (3.34)
dt |y [-M'Ky-MICy+M7'Pt)



ol Lo il

(1= AX()+BP() o
A ( State Matrix )

- 0 I

A MK ML



( Response by the Transition Method )

3.35 ( Laplace
Tranform )
sx(s) - x(0) = AX(s) + BP(s)
x(s) L[x(D)]
P(s)=L[p(t)]
341

x(s) = [si - A]-1x(0) + [si - A ]1BP(s)

3.37

( Inverse Laplace Tranform)

L'lsi- a]l1=eA

X(t) = [eAX(0)] + ] et NABP(r)dr

eA
eA=Te ']

T ( Bgenvector matrix)

yl ( Eigenvalue matrix) A

28

(3.36)

(3.37)

(3.38)

(3.39)

(3.40)



~(tr)

29

A ( Eigenvalue matrix) A

41,r)=eAM

( StateTransition Matrix )

3.39

(3.41)

4)=b ft.5(<-)] +1¢fe)erfete (342)
P(t) A
e
Fids
T N
kT (k+1T
35
i (P(1)

(Zero Order Hold )

35

kKT< t< (k+I)T (3.43)



P(KR ! KT

k+D)T

342 k+Dr

x(k +1)T = f((k + 1)1, KT)x(KT)] + J</>(E,0)BP(K)dE
0

Ak + 1)rr, KT)

Nk +Dr,kT)=eAr

} A£,0)p(k)dE = A_1[e AT - 1]p(k)

3.44

x(k +1) = e AT{x (K)}+ A _1|eAT —i Jb p(k) = ~{x (k) }+r p(K)

3.47

x(i)="x(0)+rp(0)
x(2)="x(l) +rp (1)

x(n+1)=<+Lx(n)+r p(n)

30

KT< t <

(3.44)

(3.45)

(3.46)

(3.47)

(3.48)
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