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Yield Stress Anisotropy by Straining and Baking of Bake-hardenable Steel

Shigeru YONEMURA, Shunji HIWATASHI, Akihiro UENISHI and Matsuo USUDA

Synopsis : Bake-hardenable steel sheets have been applied in exterior body panels of automobiles for thickness reduction without deteriorating the panel

dent-resistance. The increase in flow yield stress due to bake hardening depends largely on the amount of prestrain and strain path changes,

before and after baking. In the present study, the strain-path effects on bake hardening properties have been examined by changing the direc-

tion of subsequent tensile tests after uniaxial tension, plane-strain and equi-biaxial stretching as prestrain for a ferrite based bake-hardenable

steel sheet. The yield stress showed a strong anisotropy by prestraining. However, the anisotropy caused by prestraining was weakened by

bake hardening treatments. The Taylor-theory calculations of yield stress based on the texture measurements revealed that the evolution of

texture due to the prestraining is not responsible for the strong anisotropy prestrained materials observed in the experiments. The strain path

changes can be characterized by a scalar product of previous and current strain-rate mode tensors. The subsequent yield stress after strain

path changes of different combination could be qualitatively estimated by using this parameter, which showed a correlation between the

strong anisotropy of the yield stress after prestraining and the microstructural evolution in the prestraining.

Key words : bake hardening; anisotropy; strain-path change; dislocation pinning; residual stress; slip system.
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Table 1. Tensile properties of bake-hardenable steel sheet.
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[MPa]
239

G, ey BH ,
[MPa] [%] [MPa] "

364 43 47

To ras "90

1.59 1.54 1.43 1.96

(Thickness: 0.75mm. o©,: 0.2% proof strength in RD; o,:
ultimate tensile strength in RD; e total elongation in RD;
BH: Bake hardenability in RD; 7y, rys, rop: -values at 0°, 45°
and 90° from RD, respectively; 7, = (rg+2r45t790)/4.)
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Fig. 1. Schematic diagram of a standard bake-hardenabili-
ty test.
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Fig. 2. Schematic illustration of preparing a subsequent-
test specimen from a prestrained piece. (a) Various
directions tension test after a prestraining in ten-
sion along the rolling direction. (b) Deformation-
path change from plane-strain stretching to uniaxi-
al tension.
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Fig. 3. Example of true stress—strain curves for tensile tests.
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Fig. 4. Anisotropy of proof stress in a prestrained and baked bake-hardenable steel. (a) Prestrained in uniaxial tension; (b) pre-
strained in plane-strain stretching; (c) prestrained in equi-biaxial tension.
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perimental texture. (FC: full constraints Taylor
model, RC: relaxed constraints Taylor model)
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Fig. 7. Taylor-theory calculations of yield locus for 6% prestrained texture. (a) According to the full constrains (FC) Taylor
model. (b) According to the relaxed constraints (RC) Taylor model.
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Fig. 8. Comparison of anisotropy between measurement

and those calculated from the experimental texture
of a prestrained bake-hardenable steel. (FC: full
constraints Taylor model, RC: relaxed constraints
Taylor model, (a) as received, (b) 6% prestrained in
uniaxial tension)
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Fig. 10. Effect of strain-path change parameter on 0.2% proof stress in a prestrained and baked bake-hardenable steel.
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