2.1

An industrial press is mounted on a rubber pad to isolate it from its foundation. If the

rubber pad is compressed S mm by the self-weight of the press, find the natural
frequency of the system.
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2.2. A spring-mass system has a natural period of 0.21 sec. What will be the new period if
the spring constant is (i) increased by 50% and (ii) decreased by 50%"?
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24. A helical spring, when fixed at one end and loaded at the other, requires a force of 100
N to produce an elongation of 10 mm. The ends of the spring are now rigidly fixed,
one end vertically above the other, and a mass of 10 kg is attached at the middle point
of its length. Determine the time taken to complete one vibration cycle when the mass

is set vibrating in the vertical direction.
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2.5. The maximum velocity attained by the mass of a simple harmonic oscillator is 10
cm/sec, and the period of oscillation is 2 sec. If the mass is released with an initial

displacement of 2 cm, find (a) the amplitude, (b) the initial velocity, (¢) the maximum
acceleration, and (d) the phase angle.

A cos (Wt —g) , x=-0.A sin(WOt-4),
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@) WA= 04 mhee ; Taz= g =25e, W, = 3.1416 radfsec
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@d) x = x(t=0) = A cos (—¢o) = 0:02 wm
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= 0:07779 w/sec
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26. Three springs and a mass are attached to a rigid, weightless, bar PQ as shown in Fig.
2.29. Find the natural frequency of vibration of the system.
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Figure 2.29
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rotation of bar P& about P,
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2.8,

Find the natural frequency of vibration of a spring-mass system arranged on an
inclined plane, as shown in Fig. 2.30.

Figure 2.30
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2.11. A rigid block of mass M is mounted on four elastic supports as shown in Fig. 2.33. A
mass m drops from a height / and adheres to the rigid block without rebounding. If
the spring constant of each elastic support is &, find the natural frequency of vibration
of the system (a) without the mass m, and (b) with the mass m. Also find the resulting
motion of the system in case (b).
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Figure 2.33
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2.14. The natural frequency of a spring-mass system is found to be 2 Hz. When a0
additional mass of 1 kg is added to the original mass m, the natural frequency 1
reduced to 1 Hz. Find the spring constant & and the mass m.

B,= 2 Hz = 12-5¢664 r‘a.»c{/ﬂlf-;t: = f—ﬁiz
Vk = 12. SGG-‘]- vm |
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2.23. A helical spring of stiffness & is cut into two halves and a mass m is connected to the
two halves as shown in Fig. 2.43(a). The natural time period of this system is found to
be 0.5 sec. If an identical spring is cut so that one part is } and the other part 3 of the
original length, and the mass m is connected to the two parts as shown in Fig. 2.43(b),
what would be the natural period of the system?
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A mass m is attached at the end of a bar of negligible mass and is made to vibrate in
three different configurations, as indicated in Figs. 2.47(a) to (¢). Find the configura-
tion corresponding to the highest natural frequency.
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| (@) w,= '/%

(b) ml' 6 4+ xa®sin 64 mj»f" she =0 wh 6 + (-ka?"Jf-mgf)-g:o
W, = xa + ""Efl |
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W, = /ka.. - :ngf
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configquration (b) has the fn’g!aﬁsi‘ natural frepuency.




2.32. A cylinder of mass m and mass moment of inertia J, is free to roll without slippin
but is restrained by two springs of stiffnesses &, and &, as shown in Fig. 2.50. Find i
natural frequency of vibration. Also find the value of a that maximizes the natura|
frequency of vibration.
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Figure 2.50
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2.49. A locomotive car of mass 2000 kg traveling at a velocity v = 10 m/sec is stopped a
the end of tracks by a spring-damper system as shown in Fig. 2.54. If the stifiness o
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the spring is k = 40 N/mm and the damping constant is ¢ = 20 N-s/mm, determine
(a) the maximum displacement of the car after engaging the springs and damper ang
(b) the time taken to reach the maximum displacement.
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2.50. A torsional pendulum has a natural frequency of 200 cycles/min when vibrating i,
vacuum. The mass moment of inertia of the disc is 0.2 kg-m’. It is then immersed in oil
and its nawral frequency is found to be 180 cycles/min. Determine the damping
constant. If the disc, when placed in oil, is given an initial displacement of 2°, find jig -
displacement at the end of the first cycle.

,= 200 ngEF/mfn = 20. %44 raJ/sec y W, =180 Cy-'-fﬂ/m?n = ]18.84396 'Eij‘
J"I =

-0-1 1(3—1111
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Ceders - 2 J, W0,
Ce= 2 Jﬂ' W, Y= g(o-z}(m-gw)ﬁ:-;faw)
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2.51. A body vibrating with viscous damping makes 5 complete oscillations per second, ang %

in 50 cycles its amplitude diminishes to 10%. Determine the logarithmic decrement
and the damping ratio. In what proportion will the period of vibration be decreased it
damping is removed?
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2.53. A viscously damped system has a stiffness of 5000 N/m, critical damping constant of
0.2 N-s/mm, and a logarithmic decrement of 2.0. If the system is given an inital
velocity of 1 m/sec, determine the maximum displacement of the system.

4= 5000 N/m , ¢Cc= 0:2 N=Shnm = 200 N-4/m
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