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

Apply the Newton’s second law as
Zﬁ=mc’ia=mac=m5c'c .
—l (o —al)— k(X + b8) = mi,

mi. + (kl S kz)xc o= (kla — bkz)H =0 @ eeeeens (1)

ZMC = I, x= .0

1.6 — (kya — kyb)x, + (kya? — kyb?)0 =0 wovveevee

m:- is the mass of the slab

I¢:- is the mass moment of inertia of the slab about the center C.
where x =[x, 0]7 is two dimensional displacement vector
ave the matrix form
ki+k Wtkia — k;b)

Equations (1) and (2) are equations of motion, Equations (1) and (2)

Solution

Wibration equations, so let F = 0 in Equation (7), we can write the free vibration

equa e matrix form

[15000 20000] [);C] “ [;?ggg 12716240400] [);C] o [8] g
But, free vibration is harmonic, so that by analogy with Equations () and () we can write
Aty =4,2"" 9(t) = A el skt ()
X =A™ 6(t) = —A,w?el®t

Then from the equations (1) and (2)
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Substituting Equations (b) in Equation (a) and dividing through by e!®“!, we obtain the

eigenvalue problem e
2 (1500 0 [A1] 76000 21200 [A1] _ 10
" [ 0 ZOOO] A P 21200 176440] Ay [0] ©
Hence, according to Equation (33), the characteristic Equation for the problem at hand is
76000 — 1500w? 21200
A(w?) = det =1
Gy=itex [ e 176440 — 200002}

= 3 x 10%(w* — 138.887w? + 4.320) = (d

which has the solution

2
“1 — 69.443 F /(69.443)% — 4320
w32

47.0296 (rad/sec)?

= 69.443 ¥ 22.414 = {
= 91.8571  (rad/sec)?

so that the natural frequencies are

w; = 6.858 rad/sec , w,=9.58421 e ()

The natural modes can be obtained by replacing 1 and w? in Equation (c), To this end,
we substituting w? = w? in the top row of Eg

(76000 — 1500 x 47, 0As =0 v ()

which yields

<A1>(1) 545

257341 rad/m .-.....-....(h)
A,

Similarly, introducing w? the top row of Equation (c), we have

(76000 — 1500 x 91.857)A4; + 21200A, = 0 SURITR R ¢)

From which btain
@
61785.638 5 o d/ :
S rad/m e ()
Hence g arbitrarily A; = 1, the natural modes become
% Al] _ 1 - [A1] i 1
=)= [—0.257341] S o [2.9144] ()
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@y 0.83 radis

@oy= 9,18 radfs Node

2

T e iR el il s

1.3m | ~1dm il

3m m
gxl _'—‘g'xZ =.0

mx —_—
1+z l

o m,
me "'Txl +'—l§x2 —0)

Then, the natural frequencies of the

Figure (2)
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Matrices
a1 Qg2 Q13
[aij] = [au az2 023]
Q31 0dzz 0433
where

[ =row, j = column

Row matrix When the matrix has one row the matrix called row matrix
[Bi] = [bl bz b3]

Column matrix or vector A column matrix has j = 1 called column matrix

Unit matrix [I]

Diagonal matrix

14, j] is a matrix in which the rows and columns are

di; @
i . 1 21
: [Al- ] = |A12 Q422
az3 ]
ai3 Az3

Minor A minor M;; of a matrix [Ai j] is formed by deleting the i-th row and j-th column fro the

11 Q12 Q13
Az1 dzz 423 then Mz = |
az; (dzz 0433

az1 d23
s, dss

l = Qz1033 — dz3031
he cofactor C;; is equal to the signed (—1)i+jMij, for example
12 = (=1)'"*My; = =My,
Adjoint matrix An adjoint matrix of a square matrix [Al- j] is a transpose of the matrix of cofactor

of [AU] i.e.,
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% Ci11 C21 C31
adj[AU-] = [CL-]-] =|C12 C22 C32
C13 C23 C33

Inverse matrix

Note that [45] " [Ay] = (1]

Forced Harmonic Vibration of Two Degree Freedom Svstems
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