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The Analysis of Cushioning Properties of Corrugated Cushion

Seung-Jin Choi, Joong-Min Shin

School of Packaging, Michigan Sate University

Abstract Cushioning systems, which are cushion materid and its designed configuration, are important to protect fragile
items since they act as buffers between the impact force and the fragile product. As cushioning materids, several plastic
foams are commonly used in industry. However, the utilization of the plastic material has been causing a solid waste problem
and pollution. Thus, as an aternative cushion materid to the plagtic foams, a corrugated cushion, which is considered envi-
ronmentaly friendly and cheap materia, was put into drop tests and its impact shock attenuation was investigated. Flat and
free drop data were recorded and compared to the dynamic shock of EPS cushion. In addition, the mathematica mode of
the shock attenuation of the corrugated cushion was developed. The result showed that the corrugated cushion gave an
excellent protection for items that were subjected to the limited number of drops. There was no significant difference of the
shock absorbing ability between the EPS and corrugated cushions. Energy density model of cushioning materid successfully
explained the mechanica behavior and fatigue of the corrugated cushions.

Key words Corrugated cushion, Maximum deceleration level, Energy density, Flat crush test, Fatigue
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Table 1. Shock transmission value according to the thickness
of the corrugated cushion (drop height = 0.46 m).

) ) Shock transmission level, G
Thickness of the cushion Satic Stess (kPa)

(mm) 2.24 3.45 5.52
16.8 48.6 79.1 136.6
22.4 42.5 50.7 127.9
279 411 47.8 54.3
335 37.0 44.3 34.8
39.1 382 48.3 333

8OO

® Corrugated Cushion .
©  ARCO (EPS) Cushion

600

400

Gs (kPa)

200 +

shit {kJ/m®)

Fig. 1. Energy density (sh/t) vs dynamic stress (Gs) curve of the
corrugated board cushion and plastic cushion (ARCO).
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Table 2. Shock transmission level G according to the repeated drops on the corrugated cushion (drop height =0.46 m).
] Shock transmission level, G
Statlﬁpitress Number of drop
(kPe) 1st drop 2nd drop 3rd drop 4th drop 5th drop
1.38 431 49.8 59.0 142.2 1738
3.45 409 51.3 162.9 204.2 238.8
5.52 39.5 101.7 170.0 - -
Table 3. The change of thickness of the corrugated cushion according to the repeated drops (drop height = 0.46 m).
Thickness of the cushion (mm)
Static Stress (kPa) Number of drop
Before Test 1st drop 2nd drop 3rd drop 4th drop
1.38 16.8 155 13.7 13.2 12.4
3.45 335 32.3 295 27.2 24.1
5.52 335 29.7 24.9 234 -
Table 4. Prediction of maximum effective drop: comparison of FCT model and energy density model.
static stress Average G, Average dynamic t. Experimental Simulation Nz
(kPa) deflection §; (mm) (mm) Ninax Eq(4) Eq (7)
1.38 50.61 1.2t 16.8 3 14.1 3.95
3.45 46.12 2.07 335 2 16.5 2.03
5.52 39.5° 3.8 335 1 8.8 0.79
UThe average value of first three drops.
AThe average value of first two drops.
3The value of first drop.
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