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Rotation of Orthotropy Axes under Plane
Stress

J.J. Yin, KH.Kim
Automotive Electronics Division
Korea Automotive Technology Institute

ABSTRACT

A set of full size cold rolled steel sheets has been prestrained in the direction
of rolling by uniform tensile elongation of 3% and 6%. Then mid-sized tensile
specimens were cut from each of the full size sheets at 30, 45, 60 and 90
degrees to the rolling direction. The mid-sized tensile specimens were then
prestrained again by uniform tensile elongation by 1%, 2%, 5%, 10% and 15%.
Finally, miniature tensile specimens were prepared from each of the mid-sized
specimens at every 10 degrees to the specimen axis. From the tensile tests on
miniature specimens material’s hardening behavior under non-proportional loading
has been investigated. There are a number of new observations which has not
been known to the authors before current work. One of them is continuous
reservation of orthotropic symmetry during tensile elongation of mid-sized
specimens. Another is continuous rotations of orthotropy axes. Existing theories
seem to fail to explain this observations. A new model is proposed in relation to
the rotation of orthotropy axes.
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Fig. 1. Rotation of orthotropy axes
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2nd prestrain angle y
30°,45°,60°,9¢
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Fig. 3. Definition of various angles.
vy : prestrain angle w.r.t. rolling direction (R.D.).
¢¢ - tensile angle w.r.t. 2nd prestrain axis.
0 : X-axis angle w.r.t. RD.
o : tensile angle w.r.t. X-axis.
B : angle of 2nd prestrain axis w.r.t. X-axis.

RABWHEMIREE /B34 H 3%, 1994 F /329



R RECE

0, 0y-T Space

Hiul’s quadratic
: O'E ’}’IE
yield surface A(gE, 9%.75)

g

/ e /// \'
ot /

| \//

Fig.4. Stress vectors used for the definition of error measure in eq.(5).
O : yield surface origin, A : experimental data point,
B : intersection between stress vector OA and yield surface.
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Fig. 5. Yield surface points determined from tensile tests on miniature specimens
and compression tests.
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Fig.6. Uniaxial yield stress distribution and yield loci of cold rolled steel sheets for the as-received
state and for the states after 3% and 6% elongation. Solid lines represent curve fit to
experimental data by Hill's quadratic yield function.

Table 1. Combination of 1st prestrain and 2nd prestrain

1st pre |prestrain angle
strain |(w.r.t. R.D. (v) 2nd prestrain (%)
30° 1 2 5 10 -
3 % 45° 1 2 5 10 -
60° 1 2 5 10 -
90° - 2 5 10 15
30° 1 2 5 10 -
6 % 45° 1 2 necking | necking -
60° 1 necking | necking | necking -
90° - 2 5 10 15
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Fig.7. Uniaxial yield stress distribution and yield loci of cold rolled steel sheets after 6% 1st
prestrain to R.D.. Solid lines represent curve fit to experimental data by Hill's quadratic

yield function.
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Fig. 9. Rotation of X-axis by 2nd tensile prestrains at angles to R.D. (rolling direction).
Isolated points represent experimental data for large specimens with 3% 1st tensile
prestrain in the R.D. Solid lines represent predictions from eq. (6) (current model)
and eq. (7) (Dafalias model) for Hill's quadratic yield function with f = 0.3613,
g=0.3535, and h = 0.4957.
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