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An Experimental Study on Vibration Characteristics of Automotive Roof
with Passive Constrained Layer Damping
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ABSTRACT

This paper presents an experimental study on vibration characteristics of an automotive roof with viscoelastic material. The goal
of the study is to extract modal parameters (natural frequency, loss factor, and mode shape) of automotive roof with unconstrained
and constrained layer damping treatment. To determine the effective position of the viscoelastic patch on a roof, vibration tests have
been carried out for two cases; Aluminum plate with viscoelastic patch on maximum strain energy, and aluminum plate with
viscoelastic patch on nodal line. From the result of aluminum plate, it is found that the viscoelastic patch should be attached on the
place with maximum strain energy part. For the automotive roof, five patches of unconstrained or constrained viscoelastic material
have been attached on the position of maximum strain energy. This paper addresses that the proper position of viscoelastic patch is
very important and the concept of maximum strain energy may be a good criterion for the placement of viscoelastic patch.
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Fig.1 Sketch of constrained layer and unconstrained
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Fig.2 Placement of viscoelastic patch on an
aluminum plate
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Fig.3 FE model of automotive roof
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Fig.4 Experimental set-up for modal test

Table 1 Apparatus of automotive roof test

Apparatus Model
FFT analyzer LMS CADA-X
Accelerometer B&K 4506
Force Transducer B&K 4805
Amplifier B&K 2626
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Fig.5 Comparison of FRFs according to the position
of the viscoelastic patches

Table 2 Stain energy distribution and mode shape of
roof

Strain energy Mode shape

3 Bending : FEM (59.20)
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Fig.6 Position of viscoelastic patches on an
automotive roof
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Fig.7 Comparison of FRFs according to viscoelastic
patches(Case 1)
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Fig.8 Comparison of FRFs according to the various
viscoelastic patches(Case 2)
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