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Rotation of Orthotropy Axes of Steel Sheets by Tensile
Elongation

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

ABSTRACT

A series of tensile tests have been performed to investigate the hardening
behavior of rolled steel sheets. Tensile tests consist of three stages. At the lst
stage, full size tensile specimens werc prestrained in the direction of rolling, then
mid-sized tensile specimens were cut from the gauge sections of the full size
specimens at angles to the rolling direction. At the 2nd stage, mid-sized specimens
were prestrained by predetermined magnitudes of strains and miniature tensile
specimens were prepared from each of the mid-sized specimens at every 10
degrees. At the final stage, from tests on miniature tensile specimens the hardening
behavior of the prestrained sheets has been investigated. According to the
experimental results, orthotropic symmetry is reserved during tensile elongation, and
one of the orthotropy axes is continuously rotated to specimen axis. Existing
theories seem to fail to cxplain the rotation of orthotropy axes. A new
phenomenologial model is proposed to explain the strain induced rotation of
orthotropy axes.

Key words : rolled steel sheet, finite deformation, rotation of orthotropy axes,
plastic spin
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Table 1. Combinations of prestrains

st ] e 0
B 30° 1 2 5 10 -
5 % 45° 1 2 | s | 10 | -
60° 1 2 5 10 -
90° - 2 5 10 15
30° | 1 2 | 5 10 -
6 % 45° - 1 2 necking r“\vecking -
60° 1 necking | necking | necking -
S - 2 5 10 15

Y
L X, RD. =

Fig. 1. Rotation of orthotropy axes
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Fig.2. Schematic illustration of experimental procedure
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Fig. 3. Definition of various angles. Fig.4. Stress vectors used for the definition
W : prestrain angle w.r.t. rolling direction (R.D.). of error measure in eq.(1).
¢¢ - tensile angle w.r.t. 2nd prestrain axis. O : yield surface origin,
0 : X-axis angle w.r.t. R.D. A : experimental data point,
o : tensile angle w.r.t. X-axis. B : intersection between stress
p : angle of 2nd prestrain axis w.r.t. X-axis. vector OA and yield surface.
50
0+ "/r*\ /*a\ L
L 40 L
il /ﬂ f‘\\u o i
E 4 \E)/’ L \E 10 /’\
Y N G -
£0f 3G ae 2 2R
\b‘” L O : os recewved stale c’ 20+
15 W% Y ’/\>
n L WY TN T TR N S TR W S N N SO S NN SN G § O —1 1 1 L 1 s L 1
0 30 60 90 120 150 180 (¢} 10 20 30 40 50
angle to R.D. (deg.) o, (kgf/mm’)
(a) (b)

Fig.5. Uniaxial yicld stress distribution and yield loci of cold rolled steel sheets for the as-received
state and for the states after 3% and 6% clongation. Solid lines rcpresent curve fit to
experimental data by Hill's quadratic yield function.
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yield function.
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