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Measurement and Analysis of Work Hardening of Sheet Steels Subjected to Plane-strain Tension

Toshihiko KUWABARA and Safoshi IKEDA

Synopsis : A novel experimental method for precisely measuring the stress-strain relations of sheet metals subjected to plane-strain tension has been de-

veloped. A hydraulically servo-controlled biaxial tensile testing apparatus and newly-devised cruciform specimens have been used. The

geometry of the cruciform specimen has been determined using FEM analysis so that the stress distribution in the gage section of the speci-

men becomes as uniform as possible. By measuring the principal strain components of the specimen by strain gages and controlling the nom-

inal strain rates using an electrical feed-back circuit, we have been successful to realize plane-strain tension tests of sheet metals up to a ten-

sile strain of 0.1. The minimum (width) strain has been confirmed to be almost zero within the resolution of strain measurement, *22 ue.

The measurement error of the maximum principal flow stress has been estimated to be under 2% according the FEM analysis. Stress—strain
curves for IF steel (SPCEN) and 370 MPa-level rephosphorized steel (SPFC370) under plane-strain tension have been measured and com-
pared with those predicted by the Hill quadratic and Hosford yield criteria. It has been found that the stress—strain curves calculated by the
Hosford yield criterion are generally in good agreement with the experimental ones during early work hardening stages (less than 0.02-0.03

tensile strains). However, the difference between the experimental and predicted flow stresses increases gradually with increasing the tensile

strain. The plane-strain flow stresses predicted by the Hill quadratic yield criterion are tend to be larger than the observed ones for the whole

strain range irrespective of materials.
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Fig. 1. Cruciform specimen for plane-strain tension test.

Table 1. Mechanical properties of test materials.

Material - o*

(thickness 2 n* a* re*
/mm) /MPa | /MPa

SPCEN 136 607 0.347 0.011 2.02
65" (150 e T o0 T wors ]

632 0.018
725 0.007
756 0008

226 0.253

SPFC370
0.8

1.87

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(ar + )" at £%=0.001~0.09
** Measured at uniaxial plastic strain &P =0.1

Table 2. Geometrical conditions of cruciform specimens

assumed in FEM analysis.

Type of specimen A | B | C | D | E | F
Number of slits 11 11 9 9 7 7
Radius of circular hole 1.0 0.5 1.0 0.5 1.0 0.5
/ mm
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