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Effect of Strain Rate on the Anisotropic Deformation Behavior
of Advanced High Strength Steel Sheets
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Abstract
This paper investigates the effect of strain rate on the anisotropic deformation behavior of advanced high strength steel
sheets. Uniaxial tensile tests were carried out on TRIP590 and DP780 steel sheets at strain rates ranging from 0.001/sec to
100/sec to determine yield stresses and r-values at various loading angles from the reference rolling direction. R-values
were determined by the digital image correlation technique. Hill48 and Y1d2000-2d yield functions were tested for their

capability to describe the plastic deformation anisotropy of the materials. Initial yield loci were constructed using the
Y1d2000-2d yield function, which adequately described the anisotropic behavior of the materials. The shape of the initial

yield loci was found to change with different strain rate, and the anisotropic behavior decreased with increasing strain rate.
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Fig. 1 Engineering stress—strain curves of TRIP590 at
various strain rates
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Fig. 2 Engineering stress—strain curves of DP780 at
various strain rates
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Table 1 Yield stress of TRIP590 with respect to
the strain rates|MPa]
Loading Strain rate [/sec]
Direction [0 001 ] 0.01 | 0.1 1 10 100
RD 360 | 392 [ 413 [ 433 [ 460 | 491
DD 405 | 418 | 438 | 451 | 468 | 485
TD 392 | 413 | 424 | 441 | 464 | 493

Table 2 Yield stress of DP780 with respect to the
strain rates [MPa]

Loading Strain rate [/sec]
Direction | 0.001 | 0.01 0.1 1 10 100
RD 457 | 488 | 530 | 548 | 550 | 566
DD 444 | 472 | 518 | 535 | 545 | 573
TD 460 | 492 | 517 | 537 | 559 | 580

Table 3 r-value of TRIP590 with respect to the
strain rates

Loading Strain rate [/sec]

Direction[0.001 [ 0.01 | 0.1 1 10 100
RD 1.02 1 097 | 0.94 [ 1.02 | 1.06 | 1.10
DD 0.76 | 0.72 | 0.70 | 0.79 | 0.81 | 0.87
TD 1.06 | 1.03 | 098 | 1.06 | 1.10 | 1.15

Table 4 r-value of DP780 with respect to the
strain rates

Loading Strain rate [/sec]

Direction[0.001 [ 0.01 | 0.1 1 10 100
RD 0.79 [ 0.73 | 0.66 | 0.81 | 0.82 | 0.86
DD 099 |1 093 | 0.86 | 1.02 | 1.05 | 1.09
TD 0.80 [ 0.78 | 0.70 | 0.84 | 0.86 | 0.89
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Fig. 6 r-value with the variation of loading angle from RD (DP780)
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Table 5 Anisotropy coefficients of Y1d2000-2d yield function for TRIP590

Strain rate [/sec] o 0 o3 Oy os O o7 og
0.001 11386 | 0.8042 | 1.0545 | 0.9543 | 09901 | 1.0545 | 0.8873 | 0.7810
0.01 1.0771 | 0.8809 | 1.0311 | 0.9698 | 09985 | 1.0311 | 09183 | 0.9048
0.1 1.0310 | 09414 | 10115 | 09863 | 10020 | 1.0115 | 09204 | 0.9245
1 1.0273 | 09668 | 1.0148 | 09869 | 09982 | 1.0148 | 0.9452 | 0.9463
10 1.0158 | 09918 | 1.0131 | 0.9897 | 09972 | 1.0131 | 0.9660 | 0.9984
100 1.0087 | 1.0103 | 1.0142 | 09895 | 09963 | 1.0142 | 09942 | 1.0573
Table 6 Anisotropy coefficients of Y1d2000-2d yield function for DP780
Strain rate [/sec] o 0 o3 N os O o og
0.001 0.9810 | 0.9650 | 0.9815 | 1.0068 | 1.0116 | 0.9815 | 1.0232 | 1.0768
0.01 0.9659 | 0.9666 | 09781 | 1.0056 | 1.0162 | 09781 | 1.0180 | 1.0941
0.1 0.8981 | 1.0336 | 09493 | 1.0302 | 1.0204 | 0.9493 | 1.0008 | 1.0839
1 09374 | 1.0375 | 09695 | 1.0190 | 1.0115 | 09695 | 1.0202 | 1.0533
10 0.9968 | 0.9556 | 0.9921 | 0.9980 | 1.0098 | 0.9921 | 1.0139 | 1.0166
100 1.0216 | 09327 | 1.0020 | 0.9915 | 1.0063 | 1.0020 | 0.9990 | 0.9572
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