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Terminology Of Vibration

Or, Terms Used In Vibration
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23.3. Types of Vibratory Motion

The following types of vibratory motion are important from the subject point of view :

1. Free or natural vibrations. When no external force acts on the body, after giving it an
initial displacement, then the body is said to be under free or natural vibrations. The frequency of
the free vibrations is called free or natural frequency.

2. Forced vibrations. When the body vibrates under the influence of external force, then
the body is said to be under forced vibrations. The external force applied to the body is a periodic
disturbing force created by unbalance. The vibrations have the same frequency as the applied force.
Note : When the frequency of the external force is same as that of the natural vibrations, resonance takes
place.

3. Damped vibrations. When there is a reduction in amplitude over every cycle of vibration,
the motion is said to be damped vibration. This is due to the fact that a certain amount of energy

possessed by the vibrating system is always dissipated in overcoming [rictional resistances to the
motion.

23.4. Types of Free Vibrations

The following three types of free vibrations are important from the subject point of view :
L. Longitudinal vibrations, 2. Transverse vibrations, and 3. Torsional vibrations.

Consider a weightless constraint (spring or shaft) whose one end is fixed and the other end

carrying a heavy disc, as shown in Fig. 23.1. This system may execute one of the three above
mentioned types of vibrations.
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(a) Longitudinal vibrations. (b) Transverse vibrations. (c) Torsional vibrations.

Fig. 23.1. Types of free vibrations.

L. Longitudinal vibrations. When the particles of the

axis of the shaft, as shown in Fig. 23.1 (a), then the vibrations ar

In this case, the shaft is elongated and shortene
stresses are induced alternately in the shaft.

shaft or disc moves parallel to the
e known as Jongitudinal vibrations.
d alternately and thus the tensile and compressive

=12 r
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2. Transverse vibrations. When the particles of the shaft or disc move approximately
perpendicular to the axis of the shaft, as shown in Fig. 23.1 (b), then the vibrations are known as
transverse vibrations. In this case, the shaft is straight and bent alternately and bending stresses are
induced in the shaft.
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3. Torsional vibrations' . When the particles of the shaft or disc move in a circle about the
axis of the shaft, as shown in Fig. 23.1 (¢), then the vibrations are known as torsional vibrations.

In this case, the shaft is twisted and untwisted alternately and the torsional shear stresses are in-
duced in the shaft.

Note : If the limit of proportionality (i.e. stress proportional to strain) is not exceeded in the three types of
vibrations, then the restoring force in longitudinal and transverse vibrations or the restoring couple in torsional
vibrations which is exerted on the disc by the shaft (due to the stiffness of the shaft) is directly proportional
to the displacement of the disc from its equilibrium or mean position. Hence it follows that the acceleration
towards the equilibrium position is directly proportional to the displacement from that position and the vibration
is, therefore, simple harmonic.
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Example 2.32 A 5 kg mass attached to the lower end of a spring, whose upper end is fixed, vibrates
: with a natural period of 0.45 sec. Determine the natural period when a 2.5 kg mass is
attached to the mid point of the same spring with the upper and lower ends fixed.

r

(P.U., 92)
Solution. Natural frequency can be B
k
@, = =2n_21 =13.95 rad / sec
T 045
m m
®, = ( 13.95 =
Position 2k
or (13.95)% ==
" Second Position
liel
k =m (13.95)% =5(13.95)> =973 N/m (2k and 2k In paraliel)

B
when the spring is divided into two parts, its stiffness will ~ [ Fig. 2.36A
be twice i.e., 2k, but now two parts of the spring are in
parallel, so k, =4k.

’ 4 %973
Then ’ X =39.45 rad / sec
"'1

Natural period 2n_
W,

=0.159 sec.

39.45

Example 2.33 A circular cylinder of mass m and radius r is connected by a spring of stiffness k on

an inclined plane as shown in Fig. 2.37. If it is free to roll on the rough surface which
is horizontal without slipping, determine its natural frequency.

(DCRU, Murthal, 2011 ; P.U., Aero 92)

Solution. By applying Newton’s second law, the
equation of motion can be written as

mx =—kx+ Fy
where F; =friction force
mi+kx—Ff=0 (1)
Also 0=- Pf .r

At any moment

F_,f =—%mrﬁ (x:rﬂ)
=-%mr§ . (x=18)
1 -
=—= (2
- @
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Equation (1) can be written as

mi-e-kx-e»zlm.i:ﬂ

3 mx+kx=0
2

i+g£x=0

3m

®, = [=— rad/sec

&
|

Example 2.34 Consider the system shown in Fig. 2.38.

If k;=2N/mm k,=15N/mm ky=3.0N/mm, k;=ks=15N/mm

Find mass W if the system has a natural frequency of 10 Hz.
(P.U., Aero 91)
Solution. The springs k,, k, and k, are
in series, let k,; be their equivalent stiffness

11,1, 1
- ka ko ko kg
k‘ kr kt
! ! : =101 10499
2 15 3
L W k, =0.667 N/mm
k, ks ke The two lower springs k, and k; are con-
nected in parallel so their equivalence k.,
" Fig. 2.38 | Fig. 2.39 ko =kg +ks

=.5+.5=1.0N/mm
Again k,; and k,, are in parallel, so their equivalence k,

k, =k, +k,, =1.667x10° N/m

f,=10Hz

_9 _1 [k
fn 2n 2n\m
2__1 k
f" 4n® m

(10)2= 1 1.667 x 1000
4n?

W =0.422 kg
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Exnmph 2.25 Using energy method find the natural frequency of the system shown in Fig. 2.30.
The cord may be assumed inextensible in the spring mass pulley system and no slip.
(PTU and Murthal, 2010)

Given ]=—% mr® for pulley.

Solution. T =K.E. of mass + K.E. of pulley

1 2.1 .52 1 5
==M = 27192
> My %%+ 2y +2]El

For any small displacement 9,

y=r0 (x =displacement of mass m at any instant)
i Fig. 2.30
and y=x/2 (y = vertical displacement of pulley centre) = ’
5 i
D SYEL NS GRPHITIC I S g S O VS S Ao
T lex +2m(x/2) +2.2mr 3 2M1 6
The potential energy is given by
2
V=P.E.=+ ky? =lk(lx) e
2 2 \2 8
The energy of the system is constant.
d
—(T+V)=0
So | V)
M, i3+ 2 mick + L kxk =0
8 4
Ml:'c+g mi + L kx=0
8 4
(M +2 m)i+1kx=0
'8 4
So natural frequency is
= l_——-k—é— rad/ sec
4( M, + Fm ) 100t
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Example 2.40 Determine the natural frequency of the mass m=15 kg as shown in Fig. 2.44,
assuming that the cords do not stretch and slide over the pulley rim. Assume that the
pulley has no mass. (P.T.U., 2010)

Given, k; =8x10° N/m, k,=6x10® N/m

k
Solution. At any instant the force in spring k, is twice to that of '
k, as mass m is acting at the centre of pulley. If we find equivalent
stiffness of the system, the natural frequency can be determined.
Let us say P is the force in spring k, and so P/2 will be in k,. k,
Displacement of mass m is given as X, =L
ka m
So extension in spring k, is X =
2k, | Fig. 2.44

The mass moves half of x, i.., x /2

Thus the displacement of mass m due to k, is given as

O_y =P
2 77 4k,
Total movement of mass m is given as
X= x—] - 12 =_I.)_ + _E_
2 4k, k,
The equivalent stiffness of the system,
k=P__P __ 1 = k&,
Cx PP T Tk, vak

The natural frequency of mass m is given as

f:iJE:L. 4k, _1 kik,
"2V m 2m\(k, +4k)m  n\(k, + 4k, )m

1 8x10% x 6x10°
"2\ (6x10° +4x8x10°)15

=29 Hz
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Eximrix 2.9, .E'Ei:rnia; the nat pring
Pulley system shown in figure ?.'.J'ETE ey of thes IL;" Um-ﬂ-;.
., 89)

: E3r@

DlaGRam

Fig. 2.16. Soring-pulley-maas systom
SoLtmron. The tota) energy T of the system

T'= kinetic energy of the

DO mi s g A mass m + kinetic energy of pulley A -«

=Em.i=+:-§-lﬂ"q %h‘=§w'¥+%—ﬁﬁ’+%h‘ﬂ:=mﬂ.ﬂut
From free body dingram it is elear that at any moment ¢ = g
Moment of ertin of pullay [ = 1,2 ugp*
Differentiating tota EREmmy equation with respect to time,
ey t J00 » k't =0
mrl 418 4 k=g
{'MI"IJ-]-"E'HJ"}&* kel =
B+ Ll
nr'+%“r’

W EpL

ke’ 2k
2nr’ 4 M - Y Im 4 ag e

Eranris 2.10. A cireular ovli
| I:r_lrhndrnfm:nilguudmd' 15
L8 connected by a Spring of stiffness 4000 N/ m as ehowrn (n ﬁ:,-'n:rt :E.r::'-

It ix frev to roll on horwental ' Pptg
rough surfoce without slinm: :
the naturul frequency. PU a1 T‘Ltm;i

o, =
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Fig. 2.17

Sorvrion. Total energy of the syalem
T=K.E. dus to translatory motion
+ K_E. due to retary motion + PLE. of sprnng

1 .3 1 1, 3

=Em +Elﬂl*=h

=-=]-' l 1 -l-lkj-:’I (" = rH)

Imr‘ﬂ’+=,2w’ﬂ-’ : o
Ts%m’r'ﬁ'+%ﬁr’ﬂ’=m

Differentinting T with respect to time, we get

n=%.z mref + kr'oe =0

g-nr‘ﬂ +krfB=0

32 mr
1 4f2x%4000
(A o 3% 4 =4.11 Hz
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3.Solid or structural Damping or Hyvsteretic Damping

This is due to internal friction within the matenal itself. The

damping caused by the friction between the internal planes that slip or slide e e 7{?

as the material deforms 15 called hysleresis (or solid or structural) // N
damping. The stress strain diagram for vibrating body is not straight line but _7—_,_._;:
lorms hysieresis loop, the arca of which represents energy dissipated to e /

malecular friction per cycle per unit volume.
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4.Slip or Intrefacial dampin

Energy of vibration is dissipated by microscopic slip on the interfaces of machine parts in
contact under fluctuating loads. Microscopic slip also occurs on the interface of the machine elements

having various types of joints. The amount of damping depends upon the surface roughness of a
mating parts, the contact pressure and amplitude of vibration.

5. Magnetic Damping

A phenomenon that has been observed for many years by which vibrating, oscillating or
rotating conductors are slowly be brought to rest in the presence of a magnetic field.

Damping duc (o eddy currents sclup by the movement of a system in a magnetic fcld,
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