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Optimal Treatment of Unconstrained Visco-elastic Damping Layer on Beam to Minimize
Vibration Responses
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ABSTRACT

An optimization formulation of unconstrained damping treatment on beams is proposed to minimize vibration responses using a
numerical search method. The fractional derivative model is combined with RUK’s equivalent stiffness approach in order to
represent nonlinearity of complex modulus of damping materials with frequency and temperature. The loss factors of partially
covered unconstrained beam are calculated by the modal strain energy method. Vibration responses are calculated by
using the modal superposition method, and of which design sensitivity formula with respect to damping layout is
derived analytically. Plugging the sensitivity formula into optimization software, we can determine optimally damping
treatment region that gives minimum forced response under a given boundary condition. A numerical example shows
that the proposed method is very effective in minimizing vibration responses with unconstrained damping layer
treatment.
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Fig. 2 Pinned-pinned unconstrained beam problem

Table 1. Material properties of the beam problem
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Fig. 4 Sensitivity calculation results of the beam problem
compared with those of the FDM.
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Fig. 5 Overhead view of optimal damping treatment
according to the total amount of the damping
material.
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compared with those of at initial one(4=1.0)
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