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MEN 330 MECHANICAL VIBRATIONS
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Ky i ko

Equations of motion in terms of x and 6
mix+k,(x—0140)+k,(x+1,0)=0
Job — kyly(x — 1,0) + kyl,(x +1,6) = 0
For free vibrations, assume a solution
x(t) = Xcos(wt + 0)
0(t) = Ocos (wt + ¢)
In matrix form,

—mw? + k, +k, —(kyly = kyly) Xy _ (0
—(kly — kyky)  —Jow? + k1 + kzlg] {9} B {0}
Frequency equation is:
|—w2 + 5000 100 _
100 —0.3w? + 2030
=0.3w* — 3530w? + 10.14 X 10° = 0
®°=6785.3373, 4981.3293
—w, = 70.578572d/ . w, = 82.37327ad/ .
Mode shapes:
(—1000w? + 5 x 109)X + 0.1 x 10°0 = 0
Or
X —0.1 x 10° 5 3476
Ol,, —1000w?+5x106
And
X —0.1 x 10° 0.05601
0l,, —1000wZ+5x106
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Frequency Equation:
|—w?[m] + [k]| = 0

kip — w?my ki, —0
k2q ko — w?my,
Then,
(mymy)w* — (Mykyy + myky)w? + (kyikyy — kf,) = 0
Roots:

m1k22+m2k11$\/(mllkzz—m2k11)2+4m1m2k%2

2
w =
12 2mimy

Substituting known expressions for ki1, ki and ks, yields:

48 FEI _
Wi, = 7m1m2 [(m1 +8m,) + \/(ml —8m,)? + 25m1m2]
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Equations of motion:
my¥, + kix; —kixy, =0 (E1)

myi, ¢ (ky + k3)x; — kyx; =0
Let: x;(t) = X; cos(wt + @);

i=1,2 (E2)
Eq. (E1) becomes:
[—mlwz + k4 —k, ]{xl} _ {0}
—k, —myw? + ky + kyl X2 0
Frequency equation is:
’—mlw2 + k4 —k, —0
—k, —myw? + kg +kyl




m1m2w4 - (m1k1 + mlkz)wz - klmzwz + klkZ =0

1
(miky + mik, + kymy) F (m2k? + m2kZ + mik? + 2mék, k, — 2mym,k k, + Zmlmzkf)f]/
2mym

(Ea)
Since m;=1000 Kg, m,=300 Kg, ki=4x10°> N/m and  k,=5x10° N/m,
Eq. (E3) gives
®1=14.4539 rad/sec, ®,=56.4897 rad/sec
_ 144539 _ 51(1000) (1) _ 51
fr= 21 Hz = 3600 (l) T 216
Where [ =6m and  spisin km/hr

=s,= critical velocity#1 = %1‘:'39 (21.6) = 49.6887 km/hr
_ 564897 _ 5,(1000) <1> 5
2= "o "7 73600 \1) 7 216

56.4897 _ km
(21.6) = 194.1968 /hr

2w

=83 = critical velocity#2 =
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Equations of motion:

m(jc' - eé) = —kx
JccO = —k.0 — kxe
= mi + kx —mef =0
(Jo —me?)0 + k.6 + kex =0



Assuming a harmonic solution, we get the frequency equation as:
—mw? +k mew? — 0
ke —(Jo —meH)w? + k¢l
Or  (Jo —me*)mw* — (Jok + mk)w? + kk, =0

Roots of this equation give the natural frequency of the system.
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0.1 m

1
192 (zat®)  16Eat?
ki = kpeam = I3 = I3

Equations of motion:
my¥; + kixq + ky(xq — x3) = F;(t) = Fycoswt } ......... (E1)

myX, + ky(x; — %) =0

Assuming harmonic response
xj(t) = Xjcoswt : =12

Equations (E;) yield



(ky — mzwz)Fo

X, =
P (kg + ky — myw?) (ky, — myw?) — k2
_ (ka)Fy
(kl + kz - mlwz)(kz - mz(l)z) - k%

Xz

For no steady state vibration of the beam, X;=0 and hence the condition to be satisfied is:
ka

m;



