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Abstract : This paper presents an experimental study on vibration characteristics of an automotive roof with damping
material. The goal of the study is to extract modal parameters (natural frequency, loss factor, and mode shape) of
automotive roof with damping materials treatment. To determine the effective positions and thickness of the damping
material on a roof, vibration tests have been carried out for six cases; an aluminum plate with damping material on
maximum strain energy positions, and an aluminum plate with damping material on nodal lines. From the result of
aluminum plate, it is found that the damping material should be placed on the location with maximum strain energy
part. For the automotive roof, patches of constrained damping material, which has two different density, have been
attached to the positions of the maximum strain energy with four kinds of thicknesses. This paper shows that the proper
positioning of the damping material is very important and the effective thickness is about twice that of the roof panel.

Key words : Automotive roof(X5 2} 5 ), Vibration characteristics( X5 E-43), Loss factor(¥=4 A]4*), Damping
material(A] 21 A)), Passive vibration control(5=%& %1% A ©1), Constrained layer damping( -4 %3] %)
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Fig. 1 Sketch of constrained layer
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Fig. 2 Position of damping material on an aluminum plate
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Fig. 4 FRFs of FE Model of each Case
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Fig. 5 FE model of automotive roof

ZFE 2077mm, Al E 1528mm, 7] 0.75mm¢) =}
A FZo AXNAI} = A$9 FA LSmm A
Al 0.07mm FFrE &R 7L FAE B S
Zyzve] A g9 X o) g A] Tk & HES(FRF)
Z wlwsrgdch =3, AR F40.8, 1.0, 1.5,
2.0mm)o] SN T BF 471x] e 2zt A8 e
skl o, AHgAf FZ o) A 2332 Photo. 13} 2
o] ek AfFH R BT 0F /L MaE A
@ (Burst Random)o] ¢|& 7} #:91¢) 1F 1BZ =
Aalgon, chald AlEEA7)(LMS CADA-X)9}
B&K Al9] 7} 71(B&K 4805) 2 7}&%A(B&K
4506)5 AHgskAT 3 A Hol A 7HR S sha
Aol M AEEAE AL Faks SEuS
(FRF)$} 7)o 5=(Coherence) & A3t 2 29
o] H =3 34 (averaging) = 5034 A A3} ©.

Transactions of the Korean Society of Automotive Engineers, Vol. 13, No. 6, 2005 33



Jeongkyun Lee - Chanmook Kim - Jongsung Sa

Photo. 1 Experimental set-up for modal test
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Table 1 Apparatus of automotive roof test

Apparatus Model
FFT analyzer LMS CADA-X
Accelerometer B&K 4506
Exciter B&K 4805
Amplifier B&K 2626
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Fig. 6 Comparison of FRFs for different damping material
locations
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An Experimental Study on Placements and Thickness of Damping Material for Vibration Control of Automotive Roof

Mode shape

Strain energy
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Fig. 7 Stain energy distribution and mode shape of a roof
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Fig. 8 Position of damping materials on an automative roof
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