I 198

i g 3

$% & $8 Tetsuto-Hagané Vol 87 (2001) No. 4

285 IRFAERIC &L 2 R EMIROBH LTI
DAIE &

i

ME* - IUH fBh* - fRE

Kif* - LR BEHY*

Measurement and Analysis of Plastic Deformation Characteristics of Sheet Steels Using Biaxial Tensile Test

Toshihiko KUWABARA, Shuuya YAMADA, Eiji lizuka and Takaaki HIRA

Synepsis : Biaxial tensile tests of seven kinds of rolled sheet steels with different #-values were carried out. Cruciform specimens were deformed under

linear stress paths in a servo-controlled biaxial tensile testing machine. The stress ratios (R.D. : T.D.) adopted were 1:0,2:1,1:1,1:2 and

0: 1. Plastic orthotropy remained coaxial with the principal stresses throughout every experiment. Stress points consisting of contours of

equal plastic work, (0y,, 0y,), were measured and compared with Hill’s quadratic and Logan—Hosford yield loci in the principal stress space.

The results obtained are as follows. (i) Logan—Hosford yield criterion can predict (o, Oy,) with an error of several percent and the directions

of incremental plastic strain rate vectors with an error of 5 degrees at most. (ii) The (Oy,, Oy,) of sheet steels with an average r-value larger

than 1.5 exhibit a tendency to approach Hill’s yield locus in the directions of stress ratios 1:1 and 2: 1 as the material work-hardens. This

phenomenon has been also observed in the past literature and seems to be the common differential hardening characteristics of sheet steels

having rather high r-values. (iii) The differential hardening of sheet steels is not caused by texture development, but rather governed by the

work-hardening characteristics of slip systems.

Key words : material testing; biaxial tensile test; sheet steel; yield criterion; -value; differential hardening.
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Table 1. Mechanical properties of test materials.

Material Goa c* n* a* ¥
/MPa /MPa

LC 239 728 0.276 0.007 1.16

257 786 0.300 0.014 1.02

242 720 0.273 0.008 1.73

ULC 168 580 0.254 0.005 1.55

175 587 0.254 0.006 1.66

177 589 0.259 0.007 2.10

HING 150 623 0.305 0.007 224

158 640 0.313 0.009 2.16

161 553 0.273 0.008 2.75

AUS(HR) 507 1111 0.201 0.009 0.82

510 1129 0.209 0.012 0.93

524 1166 0.216 0.013 0.95

AUS(CR)! 443 1020 0.195 -0.007 0.84

442 1131 0.238 0.001 0.91

445 845 0.154 -0.004 1.12

DPH(HR) 403 898 0.147 0.002 0.80

415 785 0.115 0.002 0.95

421 957 0.163 0.004 0.87

DPH(CR) 370 1147 0.213 0.003 0.82

383 1135 0.203 0.003 1.08

390 1155 0.203 0.003 1.08

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 o =c(a +¢£”)" for 0.001<e?<0.06.

** Measured at g? =0.1.

t The values of ¢, n and @ of AUS(CR) are valid for the strain range £° > 0.02.
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Fig. 7. Measured stress points representing contours of
equal plastic work compared with Gotoh’s biqua-
dratic yield loci. HrNG. Each symbol corresponds
to a contour of equal plastic work for a particular
value of &f. Short lines attached to the data points
represent the directions of the instantaneous incre-
mental plastic strain.
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Fig. 8. Measured stress points representing contours of
equal plastic work compared with yield loci calcu-
lated from TBH-theory.?"” Ti-added IF-steel. Each
symbol corresponds to a contour of equal plastic
work for a particular value of &§. Short lines at-
tached to the data points represent the directions of
the instantaneous incremental plastic strain vectors.
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