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Experimental Verification on Non-linear Gap Vibration of
Packaged Product

Kazuki TSUDA*, Takamasa NAKAJIMA*, Katsuhiko SAITO**
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The characteristic of vibration transmissibility from the vibration table to the product was
investigated by the analysis and the experiment with the model of the package with gaps (the
space between the product and the cushioning materials). As a result, it has been indicated that
the following two phenomena occur. One is that the vibration of the product increases rapidly.
when'the acceleration applied to the package is larger than one value (the critical input
acceleration). The other is that the frequency range in which the vibration of the product
increases (the resonant frequency range) spreads. However, it has not been verified whether the
gaps are made, and these non-linearity of vibration transmissibility are seen by a shock and a
vibration applied to the real package. Therefore, these are investigated by the drop experiment
and the vibration one with the dummy of a DVD&HDD recorder. As a result, it has been
clarified that the non-linearity is seen even in the condition without the gaps due to the
cushioning materials. Then, it has been confirmed that the gaps are made by the deformation of
the cushioning materials due to the shock of the drop, and the strong non-linearity of vibration
transmissibility is seen in the condition with the gaps.
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Fig. 1 Dummy of package of DVD& HDD recorder
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Table 1 Profile of dummy of DVD&HDD recorder,
corrugated cushioning materials and
corrugated box

Dimension | Mass | Remarks

(mm) (kg)

Dummy of | 430 X 330
DVD&HDD | x 76 5.8 | Acrylic
recorder
Corrugated | 475 X 140 | 0.6
cushioning | x 180 (0.3 | A flute
materials X 2)
‘Corrugated | 545 X 490
 box X205 1.1 A flute

Fig.2 Corrugated cushioning materi-als.
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Fig. 3 Compression characteristics of corrugated
cushioning materials before and after drop
experiment

Fig. 4 Compression experiment of corrugated cushioning
materials
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Fig.5 Drop experiment
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Fig.6 Appearance of corrugated cushioning materials
before and after drop experiment

Fig. 7 Vibration experiment.
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Fig. 8 Relation among input acceleration, frequency of
input vibration and transmissibility of acceleration
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Fig.9 Time history of acceleration of dummy (Input
acceleration: 7.35 m/s?)
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Fig. 10 Time history of acceleration of dummy (Input
acceleration: 19.6 m/s®)
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Fig. 11 Relation among input acceleration, frequency of

input vibration and transmissibility of acceleration.
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Fig. 12 Relation among input acceleration, frequency of
input vibration and transmissibility of acceleration.
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