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Vibrations



Definition: Vibrations are oscillations of a system about an
equilibrium position

When elastic bodies such as a spring, a beam and a shaft are
displaced from the equilibrium position by the application of external
forces, and then released, they execute a vibratory motion.



O When a body is displaced, the internal forces in the form of elastic or strain energy are
present in the body.

O At release, these forces bring the body to its original position.

O When the body reaches the equilibrium position, the whole of the elastic or strain energy is
converted into kinetic energy due to which the body continues to move in the opposite
direction.

O The whole of the kinetic energy is again converted into strain energy due to which the body

again returns to the equilibrium position.
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Longitudinal vibrations. When the particles of the shaft or disc moves parallel to the axis of the shaft,
then the vibrations are known as longitudinal vibrations. In this case, the shaft is elongated and shortened
alternately and thus the tensile and compressive stresses are induced alternately in the shaft.

Transverse vibrations. When the particles of the shaft or disc move approximately perpendicular to the
axis of the shaft. then the vibrations are known as tfransverse vibrations. In this case, the shaft is straight
and bent alternately and bending stresses are induced in the shatft.

Torsional vibrations. When the particles of the shaft or disc move in a circle about the axis of the shaft
then the vibrations are known as torsional vibrations. In this case, the shaft 1s twisted and untwisted
alternately, and the torsional shear stresses are induced in the shatft.

Damped vibrations. A vibration in which there is reduction in amplitude over every cycle of vibration is
called damped vibration. Energy of vibrating system gradually dissipated by friction and other resistances.



Period of vibration or time period. It is the time interval after which the
motion is repeated itself.

Cycle. It is the motion completed during one time period.
Frequency. It is the number of cycles described in one second. In S.I. units,

the frequency is expressed in hertz (briefly written as Hz) which is equal to
one cycle per second



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.



Vibration parameters

Displacement Velocity Accaleration

All  mechanical systems can be
modeled by containing three basic
components:

spring, damper, mass

When these components are subjected to constant force, they react with a constant

displacement, velocity and acceleration



Vibration

parameters

Basic Elements of Vibrating System: Require
for mathematical analysis of vibratory system

Inertial elements: Lumped Restoring

mass for rectilinear motion C.cMents:
Massless linear

or by lumped moment of ortorsional

inertial for angular motion.  springs

Damping elements: Massless damper of rigid
elements



Free vibration

* When a system is initially disturbed by a displacement, velocity or acceleration, the
system begins to vibrate with a constant amplitude and frequency depend on its
stiffness and mass.

* This frequency is called as natural frequency, and the form of the vibration is called

as mode shapes

Equilibrium pos.

Cisplacarmant
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Forced Vibration

If an external force applied to a system, the
system will follow the force with the same
frequency.

However, when the force frequency is
increased to the system’s natural
frequency, amplitudes will dangerously
Increase in this region. This phenomenon
called as “Resonance”




‘ Degree of Freedom (DOF)

« Mathematical modeling of a physical system requires the selection of a set of
variables that describes the behavior of the system.

* The number of degrees of freedom for a system is the number of

kinematically independent variables necessary to completely describe
the motion of every particle in the system

DOF=1 DOF=2
Single degree of freedom (SDOF) Multi degree of freedom (MDOF)




Degree of Freedom (DOF)

Number of independent coordinates (displacements) required to define the
displaced position of all the masses relative to their all position

Dynamics: mass property dictates DOF
Statics: Stiffness property dictates DOF



‘ Degree of Freedom (DOF)




Basic Definitions

Simple Harmonic Motion: Motion of particle with time that moves round a circle with uniform
angular velocity. Trigonometric functions can be used to represent such motion.

Free Vibration: Vibration of a system because of its own elastic property. No external force is
required for this vibration and only initiation of vibration may be necessary

Forced Vibration: A system that vibrates under an external force at the same frequency as that of
external force

Natural frequency: It is the frequency of free vibration of a system. It is constant for a system. In
fact, it is an inherent property of a system. It depends on the elastic properties, mass and
stiffness of the system.



Basic Definitions

Resonance: Vibration of a system when the frequency of external force is equal to the natural
frequency of the system. The amplitude of vibration at resonance becomes excessive. During

resonance, with minimum input, there will be a maximum output. Hence both displacement and

the stresses in the vibrating body become very high.



Dynamics

Linear

Non-Linear

Arbitrary motion —

— Harmonic Mot1on ——




FORCE

RAPID OR TRANSIENT LOADING
STATIC LOADING

SCILLATORY LOAD

SLOW STATIC
LOADING




