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Cushioning Performance Analysis of Cushioning Materials for Vibration
and Impact Condition

Jae Young Oh'

Korea Environment & Merchandise Testing Institute

Abstract The impact absorption materials made of synthetic organic chemical product like Expanded Polysty-
rene(EPS), Expanded Polyethylene(EPE), Expanded Polyurethane(EPU), etc. have been used with general packaging
material until the present. But nowadays, the use of these materials is intended to be decreased and to be recycled in con-
nection with environmental pollution. In addition, it has been tried to substitute these materials with non-pollution mate-
rials(natural materials) like pulp mould, paper protectors, etc. At the same time, it is required to evaluate and analyze these
cushioning materials for cushioning properties based on impact and vibration, in order to make an efficiency on the over-
all packaging system because they are generally being used by a random choice regardless of the properties of contents
and cushioning materials. Therefore, this study provides analyzed data on cushioning properties of various cushioning
materials against impact and vibration, and is intended to provide more efficient model for packaging system by min-
imizing their using amount through choosing an optimal cushioning material as well as intended to lead to the use of non-
pollution materials in case these cushioning materials have same cushioning properties.
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Table 1. Conditions for vibration experiments

Experiment Factors Conditions

Weight 98, 196, 294 N

Standard condition

Atmospheric conditions (23+1, 50+ 3% RH, 72 hr)

Vibrational direction Vertical
1-5 Hz
Frequency Range 5900 Hz

20 mm (1-5 Hz)

Displacement (peak to peak)| o vailable (5-200 Hz)

Not available (1-5 Hz)

Accelerati
ceeleration 9.8 m/s> (5-200 Hz)

Sweep Rate 1.0 octave/min

Density: 15 kg/m’ Density: 20 kg/m’ Density: 40 kg/m’

Fig. 1. Cushioning Materials used for the experiments of cushioning properties, 51 mm of thickness : Corrugated Pad type (A) ; Honeycomb

type (B) ; EPS type (C); EPE type (D); EPU type (E).
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Fig. 2. Schematic diagram for performing vibration experiments.
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performing impact experiments.

Table 2. Conditions for impact experiments.

Experiment Factors Conditions
Weight 49, 98, 196, 294 N
Drop Height 762 mm

Standard condition

Atmospheric (23+£1, 50+3% RH, 72 hr)

conditions Tropical condition
(38+1, 85+5% RH, 72 hr)

Thickness of specimen 51 mm

Size of specimen 250 x 100 mm

A& 98 F23<7](PL-4KPH, ESPEC, Japan),
22235 98| Precision Drop Tester(PDT-227, Lansmont,
USA), FFT Analyzen(TP3, Lansmont, USA) 2! Accelerometer
(353B34/353B18, PCB Piezotronics, USA), JE43E ¢
3] Vibration Test System(CV-700, IMV, Japan)2} Accelerometer
(VP-31/VP-02S, IMV, Japan)7} AH&-5 AT}

2y o o
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Fig. 4. The change of resonance frequency according to the
load, measured from vibration experiment after preconditioning
at standard atmospheric condition(23+1°C, 50+3% RH, 72 hr).
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Fig. 5. Maximum accelerations at resonance frequency accord-
ing to the load.

\
Table 3. Excellent cushioning materials according to the loads,
measured from vibration experiments.

Load (N) 90 196 294

Cushionin EPS Foam, | EPS Foam, CorruPad,

rlrl1aterialsg Honeycomb, | EPU Foam, | EPS Foam,
CorruPad Honeycomb | EPU Foam

—6— CorruPad
-3~ Honey Comb
&~ EPS Foam
- @ - EPE Foam
& EPU Foam

N
i)
'.' I,

Peak Acceleration (1)

2 4 8
Static Stress (kPa)
Fig. 6. The change of accelerations according to the static stress,
measured from impact experiment after preconditioning at stan-
dard atmospheric condition(23+£1°C, 50+3% RH, 72 hr).
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Fig. 7. The change of accelerations according to the static stress,
measured from impact experiment after preconditioning at trop-
ical atmospheric condition(38+1°C, 85+5%RH, 72hrs) and it
also shows the change of accelerations compared to that of stan-
dard atmospheric condition(23£1°C, 50+3% RH, 72 hr) at the
same time.
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