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Work Hardening Behavior of IF and Low Carbon Steel Sheets under Biaxial Tension

Satoshi IKEDA and Toshihiko KUWABARA

Synopsis :

Work hardening behavior of IF and low carbon Al-killed steel sheets (SPCE and SPHC) under biaxial tension is investigated using biaxial

tension tests and hydraulic bulge tests. The test materials have different r-values: an average r-value, 7, is 1.87 for the IF steel, and 1.76 and

0.95 for SPCE and SPHC, respectively. In the biaxial tension tests detailed measurements are made of the initial yield locus, contours of plas-

tic work for different levels of work hardening, and the directions of the incremental plastic strain vectors for linear stress paths. Only the IF

steel and SPCE, which have relatively large r-values, exhibit the differential hardening, while SPHC work-hardens almost isotropically. The

results are consistent with the author’s earlier research. True stress —logarithmic thickness strain curves measured in the bulging tests are also

consistent with the biaxial tension test results. Accordingly, it emerges that the differential hardening is characteristic of steel sheets with

large r-values (about 1.5 or more). The work-hardening behavior of the test materials predicted using Y1d2000 yield function (Barlat ef al.,
Int. J. Plasticity, 19 (2003), 1297) agrees closely with the observations.
Key words: material testing; low carbon steel sheet; plastic deformation; yield criterion; r-value; differential hardening.
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Table 1. Mechanical properties of test materials.

Tensile 0. 2 c* N -
direction /MPa  /MPa " o r

IF steel-0° 136 607 0.347  0.011 202

-45° 150 629 0.340 0.013 1.56

-90° 146 632 0.376  0.018 234

SPCE-0° 177 563 0.256 0.008 1.98

-45° 188 620 0277 0.011 140

-90° 180 552 0254 0010 226

SPHC-0° 213 575 0248 0.016 0.76

-45° 211 582 0278 0.024 1.07

-90° 220 643 0.321 0.033 0.89

Upper, middle and lower lines indicate the mechanical
properties in the 0°, 45° and 90° directions from the rolling
direction of the material, respectively.

* Approximated using G=c(@+£")" at £°=0.001~0.09

** Measured at uniaxial plastic strain £" = 0.1
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Fig. 1. Cruciform specimen for biaxial tension test.?)
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Fig. 2. Experimental data comprising contours of plastic work compared with the Hill quadratic, Hosford and Y1d2000 yield loci

for (a) IF steel, (b) SPCE and (¢) SPHC.
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Y1d2000 yield criteria.
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using the Hill quadratic and Hosford yield criteria.
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Fig. 6. Experimental data comprising contours of plastic
work compared with the (a) Hill quadratic and (b)
Y1d2000 yield loci, in which the variation of r-val-
ues with &) as shown in Fig. 5 is considered.
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Fig. 7. Comparison of directions of incremental plastic
strain vectors measured for IF steel with those pre-
dicted using the Y1d2000 yield criterion.
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