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Proposal of Hybrid Cushioning/Damping Package Design

Qi ZHANG', Katsuhiko SAITO™ and Katsushige NAGAOKA™
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In order to protect the products from shock and vibration in transport, Cushioning Packaging Design is
conducted. The cushioning performance and anti-vibration performance of a package will be tested by
drop test and vibration test. About the cushioning performance, the result of drop test is predictable
because the cushioning material’s thickness and bearing area will be decided by cushion curves which
are plotted based on results of tests. However, about the anti-vibration performance, the result of
vibration test is not predictable, so that it remains uncertain until actually conduct vibration test and
failures in vibration test lead to Redesign which has been a serious problem. Therefore, in this paper, we
propose the “Hybrid Cushioning/Damping Package Design” in which both of Cushioning Packaging
Design and Anti-vibration Package Design will be conducted. Specifically, the Multibody Dynamic
simulation is applied as an aided design tool for Anti-vibration Package Design so that numerically
analyzing of package's vibration response becomes possible. Furthermore, we give a case study to
demonstrate how to find out the appropriate package considering the factors of cushioning performance,
anti-vibration performance and the material cost by analyzing and comparing multiple candidates of
cushioning performance and anti-vibration performance.
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Fig1 The simplified flowchart of traditional
cushioning package design
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Fig.2 The simplified flowchart of
cushioning/damping package design"

(a) Sigle-Degree—Of-freedom (SDOF) model with small components inside,
(b) Multi-Degree—Of-Freedom (MDOF) model with mass eccentricity
Fig.3 Packages Models of Multibody Dynamics
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Fig.4 The viscous damp model (VD model)
(a) Cushioned Package, (b)VD model
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T: Thickness G Allowable peak acceleration S-N curve: Stress-Number of cycles to failure curve
€.Gp. Gyt Cushion factor g: Gravitational acceleration Grps: Root-mean-square g-value of vibration response
a, 0y, 0y Stress fr: Natural frequency Gpax: Maximum g-value of vibration response
H: Drop height  Tr.Trpeqk: Transmissibility VD model: Viscous damp model

Fig.5 The flowchart of hybrid cushioning/damping package design
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Fig.7 PSD of Assumed transport environment

Fig.6 Dummy Product

(a) o0=0.033kgf/cm? (b) o =0.057kgf/cm* (c) o=0.090kgf/cm? (d) cushion curve of Eperan™ XL38

Fig.8 Cushion curve and dummies based on selected stresses

Fig.9 Vibration transmissibility test
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Table 2 The results of actural vibration
test and vibration simulation
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