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Separate Estimation of External and Internal Damping Coefficients
on Bending Vibration of Flexible Beams

Ken- ichi SAITO, Kohshi NISHIDA and Hisa- aki WATANABE
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Abstract
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This paper deals with the estimation method of internal and external damping coefficients of flexible
beams made of stainless steel and phosphor bronze. In the equation of motion of the beam, it is assumed
that the internal damping force is proportional to the strain rate in bending vibration of the beam and that
the external damping force is proportional to the velocity of bending displacement and the area of the
surface rectangular to the velocity of the beam. The internal and external damping coefficients are
calculated by use of the solution of the equation of motion for transverse free vibration of the beam in
consideration of above two damping effects and the wave-form of damped vibration obtained
experimentally. The approximation by the method of least squares is applied in order to determine
precisely the envelope of damped vibration. As a result, the effectiveness of this method is confirmed.

Keywords : Flexible beam, Free vibration, Internal damping coefficient, External damping coefficient
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Forces acting on a beam element
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Fig.3 Experimental setup

Table.1 Dimensions and values of physical properties
of beams

Material Stainless steel | Phosphor bronze

Length [ (mm) 130 140 150 160 170

Width b (mm) 10 15 20

Thickness & (mm) 1

Density 0 (kg/m®) 7930 8800

Young’s modulus
E (GPa)

197 98
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Fig.4 Experimental example of damped vibration
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Fig.5 Envelope obtained by approximation of damped vi-

bration (Stainless steel: /=130mm, b=10mm, ~=1mm)
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