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Vibration of linear continuous system

• 1 Lateral vibration of beam• 1 Lateral vibration of beam

• 2 Sample examples

• 3 Torsional vibration of rods
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Vibration of linear continuous system

• Continuous system = homogenous physical of elastic body with

continuously distributed masses and elasticity

• Single dimensional continuous system – string, rod, beam, shaft• Single dimensional continuous system – string, rod, beam, shaft

• Linear model – applicable for small deformation

• Homogenous and isotropic materials - described by density ρ

material moduli constants G and E, (viscous damping)
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Lateral vibration of beam
Deflection of beam as a function of position x and time t
Assumption: prismatic beam
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Lateral vibration of beam

[ ]1 /m kg mEJ

• Equation of motion is set up from eq. (1) and (2)
• Diferential equation (DE) of bending vibration of the beam is a partial

diferential equation of the 4th order.
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Fourier´s method of solution of DE

• Solution

• … harmonic function( )2w t

( ) ( ) ( )1 2, (3)w x t w x w t= ⋅

• Defferentiation of eq. (3) with respect to x

• Defferentiation of eq. (3) with respect to t
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Fourier´s method of solution
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• Differential equation of 4th order
• Solution:

is given by linear combination of all solutions
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Boundary conditions
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Deflections and bending moments for pinned ends:
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Natural frequencies
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Vibration of beam (free ends)
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Boundary conditions
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Bending moments and shear forces for free ends:
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Numerical solution of equation (*):
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Given: density ρ [kg/m3], shear modulus G [Pa], polar moment of inertia Jp

[m4], mass moment of inertia per unit length I1 [kg·m2/m]

Torsional vibration of rods

( ),x tϕ ϕ=

Fig. 1
2

1 2
I dx

t

ϕ∂
∂

25.5.2017 13

Fig. 2



According to Fig. 2 the equation of equilibrium is set up :
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Solution of the partial differential equation:
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Solution: 1 1 2cos sinc x c xϕ λ λ= +

Boundary conditions:  
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