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Non-linear, Strain Rate-dependent Behavior of Polymer at Room Temperature: Experimental Findings
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ABSTRACT

Due to the strong non-linearity and the difficulty of
obtaining data on the behavior of polymers at high strain
rates, most crash simulations use materials data based on
guasi-static testing.

This study therefore attempted to obtain materials
data for polymers used in the interior and exterior of
automobiles at high strain rates. The material data
obtained differs from data obtained through the linear
interpolation of stress to model the behavior of polymers
at high strain rates. The results of the tests conducted
in this project have been compared with results obtained
using commercial finite element models.
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Fig. 1 Dependence of strain rate and temperature
in material data

00 Type A EHF-U2H-20L: 000000 1.5x 10 m/secd
0 Type BHITSTI0: 000000 20 x 10 m/sec[ O
0000000 TypeAD TypeBOO OO OOODOOOOO
O0O0OTypeADDODDOOOOOOOOOOOOOOOO
0000000000000000000 102sect 000
00000000000000000000000000
00000000000000O0TypeB O TypeAD OO
00000000000000000000000000
000000000000000 Fig.2 0000
0000000000000000000000000
MeommI 0O00000000000000000000
000000000000000000000000000
00 10°sect 102sec! 000 0000000000000
0000000000000 0000000Fig.30000
0000000000000000000000000
000000000000 000000000000
OSONYO M OOODODO0O00O0O0O000 200000000
OD000000C0O0MMNACOMOOOO0OOODONOOn
00000000000000

Hydraulic accumulator

Tensile direction

Approach
(80 mm)

Clamping device
+<—— Test specimen
Video camera +—— Clamping device
«— Load cell

Fig. 2 Schematic illustration of tensile testing
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Fig. 3 High-speed tensile testing apparatus
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Table 1 Tensile test conditions

Crosshead velocity | Strain rate Testing apparatus
8x10°m/s 10" Type AG: AGS-1000G
8x10°m/s 10 JIS2 test specimen
8 x 10“ m/s 10°
8x10° m/s 10"

8 x10°m/s 10° Type A: EHF-U2H-20L

8x 10 m/s 101 JIS2 test specimen

4x10°mis 10° Type B: HITS-T10
Special test specimen
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Fig. 10 Stress-strain curves of type AG and A
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Fig. 11 Stress-strain curves of type A and B
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Fig. 12 Stress-strain curves of polypropylene at
various strain rates
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Fig. 13 Stress-strain curves of polypropylene at
strain rate 100 sec™*
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Fig. 15 Stress-strain curves of polycarbonate at
various strain rates
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Fig. 19 Stress-strain curves of epoxy at various
strain rates
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Fig. 20 Stress-strain curves of polypropylene at
various strain rates

Fig. 21 Deformation of tensile test piece (Case A)

Fig. 22 Deformation of tensile test piece (Case B)
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