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Abstract : Bumper isdesigned to protect the automotive frame without damage at low velocity. Expanded polypropylene
(EPP) foam is used in the bumper as an energy absorbing material. In order to exactly predict the energy absorbing
performance of the foam material under impact loading condition, it is important to use high strain rate material
properties. In this study, a new apparatus for dynamic compression tests was developed to investigate the high strain
rate behavior of EPP foams. Three kinds of EPP foams which have different expansion ratios were tested to investigate
the quasi-static and dynamic compression behavior. Quasi-static compressions were performed at low strain rates of
0.001/s, 0.1/s and 1/s. The dynamic compressions were carried out at high strain rates of 50/s and 100/s with the
developed apparatus. It was observed that the EPP foam has significant strain rate effect as compared to quasi-static

behavior.
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Fig. 1 Components of an automotive front bumper
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Photo. 1 Developed dynamic compression test apparatus
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front view

(b)
Photo. 2 EPP bumper foam and a specimen: (a) automotive
bumper foam; (b) specimen
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Table 1 Basic mechanical properties of EPP foams

. Expanding ratio
Unit
15P 30P 45p
Density glem® 0.06| 003 0.02
| Strength kg/cm? 96| 43| 27
Tensile -
Elongation % 38.3 40 38
Compression 2

strength kg/cm 29 14 0.8
Hardness Shore A scale 62 53 32
Permanent % 69| 79| 98

compression strain
Heat conductivity | Kcal/mhr°C | 0.035| 0.034| 0.033
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Fig. 2 Load histories of specimens obtained from the dynamic
compression tests
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Fig. 3 Displacements of the impactor obtained from the
dynamic compression tests
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Fig. 4 Strain rate histories obtained from the dynamic com-
pression tests
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Photo. 4 Seriesof pictures captured by ahigh speed camera
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Fig. 7 Stress-strain curves of 15P EPP at the indicated strain
rates: (a) loading and unloading behavior; (b) magni-
fication of the loading curves
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