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Strain Rate and Temperature Effects on TPO and PP for Enhanced
Airbag Deployment Simulation

Se-Min Lee*, Gyu-Won Kim*, Jae-Hyun Ahn**, In-Soo Han**, Hak-Sung Kim***

ABSTRACT: To accurately predict airbag deployment during a collision, the mechanical properties of polymer
materials at high strain rates according to temperature should be considered. In this study, the mechanical properties
of TPO and polypropylene were measured at high strain rates via split-Hopkinson pressure bar tests under various
environmental temperatures ranging from -35 to 85°C. Through this, tensile strength and failure strain were derived
for each strain rate. As the polymer phase moves toward the high strain rate region, the P-transition becomes
dominant, resulting in a non-linear increase in tensile strength in the Eyring plot. Additionally, an airbag module
impact simulation was conducted to verify the effects of strain rate on airbag deployment using the LS-DYNA
software. It was found that the TPO and polypropylene airbag deployment could be accurately predicted using the
strain-rate-dependent mechanical behavior rather than quasi-static properties alone.
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Fig. 1. Schematic of Split Hopkinson Pressure Bar a) Compres-
sion mode, b) Tensile mode

Table 1. Physical properties of incident and transmission bars

Property Unit 6061 aluminum alloy
Density g/em® 2.70
Young’s modulus GPa 68
Tensile strength MPa 310
Length m 2
Bar diameter mm 20
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Fig. 2. Passenger Airbag module (PAB) deploy FEM simulation:
(a) PAB in cockpit (b) structure of PAB module
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cal properties at various temperature: (a) TPO, (b) PP
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Table 2. Linear fitting parameters in static and dynamic strain
rates of TPO and PP

) ~100s" (@) |1000~2000 s (a + B)
Materials |Temperature
m c m c

-35°C 1.27 19.14 | 49.11 -117.08

TPO 23°C 1.15 13.83 | 42.62 -102.73
85°C 0.85 6.31 33.58 -84.22

-35°C 2.89 | 3532 | 117.05 | -289.82

PP 23°C 1.21 21.97 | 58.85 -133.22
85°C 1.02 11.09 | 48.01 -119.58
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Simulations and experiment results of PAB door deploy

behavior at 85°C
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