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Abstract
Product fragility due to shock or vibration load can be

occurred during the transportation. This paper mainly focuses on
a cushioning design for shock isolation in shipping packages.
The objective is to analytically investigate effects of cushion
parameters such as stiffness and damping as well as product
inertia on the maximum acceleration of the product. The package
including the cushion is modeled as a single degree-of-freedom
mass-spring-damper system subjected to an impulsive load. For

the parametric study, closed-form maximum acceleration is
derived in terms of mass m, stiffness k and damping ratio ¢

Moreover experimental tests to determine Dynamic Cushioning
Curve for low-density polyethylene (LDPE) cushions with different
thickness are performed. The test results are qualitatively
compared with the analytical results.

The parametric investigation reveals that an increase in
stiffness coefficient of the cushion results in a higher maximum
acceleration of the product. This is because stiffer springs cause
smaller deflection and hence resulting in a larger inertia force of
the package. In addition, the maximum acceleration is decreased
as the mass is increased. With increased mass, the natural
frequency is decreased. The acceleration amplitude, which is
proportional to the natural frequency, is hence decreased,
provided the same initial velocity due to the same drop height.
Moreover the optimum value of damping ratio for the lowest
maximum acceleration is 0.25. The test results show that a
thicker foam or a softening foam with higher damping better
isolates the shock, and hence yields a lower maximum
Both

qualitatively agree well.

acceleration. analytical and experimental results

Keywords: Vibration; Cushion; Packages; Design.
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