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Linear model study on the fragility of stacked products and
product supported viscoelastically

Takamasa NAKAJIMA®, Katsuhiko SAITO*" Masayoshi KUBO** and Yoshiharu TERAGISHI*

In order to reduce the volume of packaging materials, it is necessary to evaluate the fragility
of product exactly. We studied on the fragility of stacked products and product supported vis-
coelastically by using 2 kinds of linear models. Model-A that represents the former is a model of
2 spring-mass systems to be connected. And Model-B that represents the latter is a model of a
spring-mass system with linear viscous damping. The main results obtained are as follows.

(1) In the case that the mass of Model-A is damaged by shock load, the lower mass is more fra-
gile. And in the case that it is damaged by acceleration, the upper mass is more fragile. Moreov-
er, in the latter case, critical acceleration of damage boundary curve by rectangular shock pulse
shows a variation for velocity change.

(2) The closer the damping ratio { gets from O to 1, the more the response resembles the shape of
input shock pulse. Consequently the shock transmissibility approaches 1 and the critical accelera-
tion will be improved.

Keywords : Package, Transportation, Cushioning design, Shock, Mechanical-shock fragility,
Linear model, Stack, Viscoelasticity, Product
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