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Actual vibration system (1)
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Fig.1 Actual vibration systems

Open Course Ware, 2006, Tokyo Institute of Technology 3

Copyright by Hiroshi Yamaura



Actual vibration system (2)

In many cases, the first mode is

ur“\/\/\/\d dominant in the free vibration.
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Fig.2 Example of free vibration
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Analytical model

m - (Mass g it

Spring Damper M. kg
k ¢ k:N/m stiffness constant
- C:Ns/m Damping constant

Fig.3 Analytical model of

one-degree-of-freedom vibration system
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Deriving the equation of
motion (1)

Coordinate system Case 1 Jx T f

o The origin of the displacement fl xl_ mn
should be placed on the
equilibrium point.

o The direction of the force should
agree with that of the
displacement. Both of the Case 1 I
and 2 in Fig.4 are acceptable.

k C

Fig.4 Coordinate system
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Deriving the equation of
motion (2)

Reaction Force

o Reaction force of the damper _T Tf
IS proportional to the velocity of m *
the mass and its sign is minus. l l

o Reaction force of the spring is
proportional to the F=-kx F,=-cx

displacement of the mass and
Its Sign IS MiNnus. Fig.5 Free body and acting force
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Deriving the equation of
motion (3)

d'Alembert's principle (1)

The sum of the differences between the
generalized forces acting on a system and the time
derivative of the generalized momentum of the
system itself along an infinitesimal displacement
compatible with the constraints of the system (a
virtual displacement), is zero.
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Deriving the equation of
[motion (4)

d'Alembert's principle (2)

= d(mv)
dt

. J

where  F = —cX—kx + f

soX =0

Thus, the equation of motion is represented as the following.

MmX+cX+kx=f
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