
Open Course Ware, 2009, Tokyo Institute of Technology 
Copyright by Hiroshi Yamaura

1

Fundamentals of Dynamics (12)

Department of Mechanical and 
Control Engineering

Hiroshi Yamaura



Open Course Ware, 2009, Tokyo Institute of Technology 
Copyright by Hiroshi Yamaura

2

Multi-degree-of-freedom 
Vibration System (1)

Finite Element Method
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Bending Vibration of a Beam (1)

Beam and finite elements
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Bending Vibration of a Beam (2)
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Coordinates and acting forces on a finite element

Equation of Motion
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Finite Element Method (1)
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Static Deformation

is a third order 
polynomial function 

⇒Four boundary conditions can 
determine the function 
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Finite Element Method (2)

)(y is a approximate solution for the equation of motion
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Finite Element Method (3)
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Finite Element Method (4)
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Finite Element Method (5)
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Finite Element Method (6)
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Four from 2n+6 unknown parameters are 
determined from four boundary conditions. 
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Finite Element Method (7)
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The response is also calculated numerically.

Natural frequencies are calculated by solving 
a generalized eigenvalue problem. 


