Selection of matevials
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Fundamentals of Linear Vibrations

1. Single Degree-of-Freedom Systems

2. Two Degree-of-Freedom Systems
3. Multi-DOF Systems

4. Continuous

Single Degree-of-Freedom Systems

A spring-mass system

1- Newton law

# General solution for any simple oscillator

2. Equivalent springs

@ Spring in series and in parallel

3. Energy Methods

# Strain energy & kinetic energy (Work-energy statement)

Undamped Free Vibrations of Single Degree of Freedom Systems :

Examples of Single-Degree-of-
Freedom Systems

Pendulum Shaft and Disk
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Friction free smooth surface
Equation of Motion: my+lkyvr=0

Or, in another form: Y+ mi v=0

Any simple oscillator

General approach:
1. Select coordinate system
2. Apply small displacement
3. Draw FBD
4. Apply Newton’s Laws:
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Simple oscillator - Example 1
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Simple oscillator - Example 3
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springs in series: Springs in parallel:
same force - flexibilities add same displacement - stiffnesse:
1 1
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Equivalent springs — Example 4
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Example 5:
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Energy methods

Work-Energy principles

U==kx’————— (strain — energy)
T= Jme (Kinetic — energy)

E—U+T= 1ké+img
2 2

Work-energy principles have many uses, but one of the most useful is

to derive the equations of motion.
Conservation of energy: E = const.

d
—(E)=0
dt()

kXX + MXX =0

mX + kx=0




Consider a uniform rigid bar, of mass m and length /, pivoted at one end and connected symmetri- BS,
.. cally by two springs at the other end, as shown in Fig. below, Assuming that the springs are unstretched

when the bar is vertical, derive the equation of motion of the system for small angular displacements
(6) of the bar about the pivot point, and investigate the stability behavior of the system.
Sol:
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For small oscillations, Eq. (E.1) reduces to
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