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Cushioning Efficiency Evaluation by using the New Determination
of Cushioning Curve in Cushioning Packaging Material Design
for Agricultural Products

Hyun Mo Jung*
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Abstract From the time the product is manufactured until it is carried and ultimately used, the product is subjected to
some form of handling and transportations. During this process, the product can be subjected to many potential hazards.
One of them is the damage caused by shocks. In order to design a product-package system to protect the product, the
peak acceleration or G force to the product that causes damage needs to be determined. When a corrugated fiberboard
box loaded with products is dropped onto the ground, part of the energy acquired due to the action of the gravitational
acceleration during the free fall is dissipated in the product and the package in various ways. The shock absorbing char-
acteristics of the packaging cushion materials are presented as a family of cushion curves in which curves showing peak
accelerations during impacts for a range of static loads are shown for several drop heights. The new method for deter-
mining the shock absorbing characteristics of cushioning materials for protective packaging has been described and dem-
onstrated. It has been shown that cushion curves can be produced by combining the static compression and impact
characteristics of the material. The dynamic factor was determined by the iterative least mean squares (ILMS) opti-
mization technique in which the discrepancies between peak acceleration data predicted from the theoretical model and

obtained from the impact tests are minimized. The approach enabled an efficient determination of cushion curves from

a small number of experimental impact data.
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Table 1. Paper composition and physical dimension of the corrugated fiberboard tested

Types Flute-type Sample Paper composition [llustration
Single wall A/F SW1 SK210/K180/SK210 mmemmmaen 7
Double wall AB/F DW1 SK210/K180/K180/K180/K180 m

(a) Air cylinder

Fig. 1. Self-made cushion tester.

b o %
(b) Accelerometer fixed in impact plate
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Fig. 3. Acceleration, velocity and deflection in an impact for the single wall corrugated fiberboard.
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Fig. 4. Dynamic and static stress behaviors for the single wall
corrugated fiberboard.
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Table 2. Analysis of variance for the regression model of cushioning curve in SW1
Source DF Sum of Squares Mean Square F Ratio Prob (F)
Regression 9 20870.28 2318.92 1.58 0.55
Error 1470.62 1470.62
Total 10 22340.90
Table 3. Analysis of variance for the regression model of cushioning curve in DW1
Source DF Sum of Squares Mean Square F Ratio Prob (F)
Regression 8 19064.61 2383.07 378.72 0.04
Error 6.29 6.29
Total 9 19070.90
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Fig. 7. Peak acceleration-static stress curve of the corrugated fiberboard.
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