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High Speed Tensile Test of Sheet Steels for Automotive Use and Axial Collapse Test of Columns
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Tt seems effective to apply the higher strength sheet steels to automotive structure for improving crashworthiness. Ten-
sile testing properties at high strain rate have to be understood because of the strain-rate dependency of strength. It is also
necessary to evaluate the components, such as front side members absorbing energy in frontal collision.

We have the high speed tensile machine, which is capable to obtain the strain rate of order of 10%/s, and the dynamic
fracture testing machine, which is capable to apply the load of 50tonf at 4m/s. With these facilities, evaluation and develop-
ment of sheet steels for automobiles are carried out. The facilities and methods are explained and the results of high speed
tensile test and axial collapse test of column for several steels are reported.

Tt is clarified that dynamic tensile strength increases, dynamic-static ratio decreases and energy absorption of column col-
lapse increases with increasing quasi-static tensile strength. Steel with retained austenite exhibits about 10% higher energy

absorption than other steel with same tensile strength.
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Fig.1  White body of automobile and front side member
(front rail)
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Table 1 Specification of high-speed impact tensile testing

machine
% LTene ot latneh ‘ }Expammf of eyl cn oo
Launching pressure 1 ~70kgf/cm?
Speed of bullet Max. 100m/s(360km/h)
Weight of bullet 10kg (Max. speed 70m/s)
5 kg (Max. speed 100m/s)
Load Max. 5, 000kgf
(with 10kg bullet at 25m/s)
Safety device Pressure release valve of accumulat-
ing vessel (80kgf/cm?)
4 Interlock systems for launch

Nitrogen cylinders
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Fig.2  Appearance of high-speed impact tensile testing machine
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Fig.4  Dimension of tensile specimen( ¢ >10%s)
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Table 2 Specification of dynamic fracture testing machine
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Fig.8  Appearance of the dynamic fracture testing machine and the device for collapse test

Load capacity 150fton at 2 000mm/sec
50fton at 4 000mm/sec

Actuater stroke | 2560mm

Actuater speed | 0.01~100mm/sec{Closed loop control)
100~4 000mm/sec (Open loop control)
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Table 3 Microstructure, chemical cecmposition and mechanical properties of steels (L-direction)

TR LIk 37, ToFaz— 5O,
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Microstructure

1 | Ferrite(o)

2 | o+ Cementite

3 | o+Cementite+NbC

4 | ot Pearlite+NbC

5 | o+ Bainite+Austenite
6 | o+ Bainite+Austenite
7 | at+Martensite

8 | et Martensite

Chemical compositions (wt%) XS TS El

C Si | Mn P | Others | (MPa) | (MFa) [ (%)
0.003] 0.01 | 0.11 [0.008 Ti 150 295 52.1
0.093] 0.01 | 0.48 |0.110 275 445 37.4
0.071] 0.14 | 0.36 |0.029 Nb 366 458 34.2
0.10 | 1.25 | 1.25 [0.013| Nb 162 620 26.3
0.12 | 1.28 [ 1.57 [0.006 Al 400 636 37.5
0.13 | 1.00 | 1.50 (0,020 Al 460 645 33.1
0.06 | 0.06 | 1.72 |0.032 430 611 26, 6
0.08 | 0.99 | 1.73 [0.014 582 795 21.1
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Fig.10  Stress-strain curves of ULC-IF steel (steel1) at various
strain rates
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Fig.11  Stress-strain curves of 590MPa grade steel with
retained austenite (stee! 5) at various strain rates
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Fig.18 Appearance of column after collapse test
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