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a) Three degree of freedom.

b)
T=Ymx? + Tmx? + tmx
- 2 11 2% 2 373
1 1 1 1
U= _le12 + kz(Xz—Xl)Z + —k3(x2—X3)2 + _ks(xs_xz)z + —k3(x2—X3)2
2 2 2 2
L=T -U
1. 1 . 1. 1 1 1 1
:Emlxlz + Emzxzz + Emsxsz - Eklxlz Ekz(xz_xl)z - Eka(xs_xz)2 - §k3(X2—X3)2)
d oL oL
—(—) =mx, , — =-kx, + k,(x,-x
dt (axl) 11 8X1 11 2( 2 l)
d oL " oL
a(aTz) = MyX, _2 =k, (X, =%;) = KX, =X5) + ky(X3—X,)
d oL - oL
E(RS) = MyX; 53 = —k3(X3—X2) + k3(X2—X3)
for m,;:
mX, +(k,+k,)x;, — k,x, =0
for m,:
m,X, +(k,+2k;)x, — k,x; — 2kx, =0
for mj,:
myX, +2kx, — 2kx, =0
m 0 O X; | | (k,+k,) k, 0 X, 0
. the equation of motion is = |0 m, 0| |X,|+ - k, (k,+2k;) - 2k;|/x,|=|0
0 0 my| X, 0 - 2k, 2k, || X, 0
C_
DR, =0=>mx; Kk +k)x, — kx, =0
DF,=0=mx, +(k,+2k)x, — kx; — 2kx, =0
D F,=0=my, +2kx, — 2k;x, =0
m 0 O X, | | (ky+Kk,) K, 0 X, 0
. the equation of motion is = |0 m, 0| |X,|+ - k, (k,+2k;) — 2k,| x,|=[0
0 0 my| |X, 0 - 2k, 2k, || X, 0

d) the system is statically coupled.
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T =—mx/+=—mx’+=jo*+=j0
2 1 2 2 2.] 1 2J

. . 2 '

T :lmxf+£mx§+l mr X
2 2 2 2 r

T =%m X2+ >m x 2

U - 1k (x,=x,)
2

d (o1 }_GT LoU D

dt | 5« 0X oX 5y

d | oT 3 -

| T[T oM X,

dt o, 2

v = kx, —kx,

oX ,

= %m X, +kx, —kx, =0

d | oT 3 2
T [T oM X,
dt ox,

v = —-kx, +kx,

oX ,

= %m Xx,—kx,+kx,=0

M atrix Form:




det =

k 2 —3w’mk +%a)4m2—k2 =0

a){(%mz)a)z—(fﬂmk)}:o

Ak

w? =0, and 5022:3
m

Eigenvecors:
For w,=0:

SN

Normalaize the eigenvector with respect to mass matrix:

oy [G2am 0 ([,
arlt 1 (3/2)mH1}_

a’v, [M]v,=1

a’(Bm)=1 or a-=

1
A3m
(1
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let,
X, =1
—k
X, =——=-1
S

214 . (3/2)m 0 1 _q
L E | @/2ym |]-1 "

a’[(3/2)m  —(3/2)m ]{_11} =1

a’(B3m)=1
0 - 1
J3m

SRR
V3m

V, = 9 >
-1

L vV3m |




Modal matrix:

Y-l 4

Now, let M=10 kg and k=300 N/m,

)= Ty afwo M1 g
a1 (o
o)~ 1) Lo —s5) lof
el
o)

s



Ch(t) = ql(O) COS(wlt) +
Ch(t) —

q,(t)

q,(t)

X, (t)
X, (t)
X, (t) ]
X, ()

q,(t) =

X, (t) |
X, (t) |

;

, (1)
(1)

=(,(0)cos(a,t) +

G,(0)

@

sin(myt)

15
730
d,(0)

@,

sin(w,t)

—cos( o —1)
2m

J30

— —cos(\/@t)

J30

1 9 [a)
__[U} {qz(t)}

17

0, (t)
_1 _1_

[0, (t)
[ 15 |

V30
- £cos(\/@t)

Y1
1 -1

\/7
cos(m )

15

0| 15
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