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Inverse matrix

Note that [Aij]_l [Aij] = [1]

Forced Harmonic Vibration of Two Degree Freedom Svstms

Solution

Let x1(t) > x,(t)

From the free body diagram

m.'x"l + kx1 = kxz = F1 Sinwt ~ eeeeeeens (1)
From the free body diagram for right mass
Z F=mi, = —kx;+k(x; —x;) = m#,

mi; + 2kx; —kx; =0 e (2)
Equatiogs ¢1) and (2) are equations of motion

Similarly, Equations (1) and (2) have the matrix form

[ {§;}+ e U LSS )
MxX+Kx=F

in which

55



Vibration — Fourth Class / University of Tikrit (22-23) Mechanical Engineering

F:{Flsinwt} R 2k - =k

] = stiffness matrix

M = [’r(r)t 781] = mass matrix ,

0 -k 2k
To find the natural frequencies, let F = 0
Xt =it W ()= Az e’Pt
) = Bt B = —Azwle'er

Then from the equations (1) and (2)
' 2k — w?m)A; — k4, =0
—kAL + 2k — w*m)A, =0
By putting Equations (3) and (4) as a matrix form

substitution these Equations into Equation (1)

[(Zk :Z)Zm) - __];zm)] {ﬁ;}

since {2} * {8}

2k — w?m
then |( )
=ie
which represents a quadratic equation in w the characteristic equation, or frequency
equation.
2
The two roots 1, and A i are the eigenvalues of the system

== A, = w3 =3—
s e
To find the forced response (since F(t) = F; sin wt), let

€. (t) = X, sinwt, x,(t) = X, sin wt

¥(t) = =X w?sinwt ¥, (t) = =X, w? sin wt
Ten equations (1) and (2)

2k —w*m)X, = kX =F, = = eeeeen (5)
Xt k=t =0 e (6)
By putting Equations (5) and (6) as a matrix form

[T e

Let
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[(Zk . Z)Zm) B _—’; zm)] = [Z(w)]
zonfgf={5} o e} =ren (G
where
_1 _ adjlZ(w)]
s
where

(12 - w?)(w? — w?)

Note that :- when w = '= w, the denominator =0 (resonance)

¥ 2k — w*m)F,
Vo m2(w? - 0?)(0? - w?)
kF,

- m?(w? — w?)(w? — w?)
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With u\h.\s‘orber // With absorber
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