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Asymmetric Rolling as Means of Texture and Ridging
Control and Grain Refinement
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Fig. 1 Asymmetric rolling methods. (a) Different roll
radii at same rotation rate, (b) different
rotation rates at same roll radii, (c) single roll
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Fig. 2 Calculated deformed meshes of steel sheets
rolled (a) symmetrically, (b) asymmetrically
at roll radius ratio of 1.5, (¢) asymmetrically
at roll rotation-rate ratio of 1.5 and (d) by
single roll drive. Rolling reduction of 50%
and friction coefficient of 0.3 were used in
calculation. Roll size in symmetric and
single roll drive rolling is same as lower roll
size in asymmetric ro]ling“’
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Fig. 3 ODFs (@,=45°) of IF steel sheets rolled to

0.8mm by 70% with about 20% per pass at
roll radius ratio of 1.5 (upper roll dia. 20cm,
lower roll dia. 13cm) at 700°C. ND and RD
indicate that successive rolling directions
were rotated through 180° about ND and
RD axes, respectively. s=1, 0, -1 indicate
upper surface, center, lower surface layers
referred to initial specimen'®
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Fig. 4 Shear directions (arrows) in asymmetric
rolling. In UD rolling, successive RD is not
changed, whereas in TD, RD, and ND
rolling, sheet is rotated through 180°about
TD (transverse direction), RD, and ND
axes, respectively, each pass. Dark surface
is initially lower surface. Left and right
figures show shear directions before (left)
and after (right) each rolling pass
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Fig. 5 Measured (111) pole figures of aluminum
sheets asymmetrically rolled by 50% at {oll
radius ratios of (a) 1.25, (b) 1.5, and (c¢) 2¢

(a)

Fig. 6 Calculated (111) pole figures of aluminum
sheets asymmetrically rolled by 50% at roll
radius ratio of (a) 1.25, (b) 1.5, and (c) 2 @
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Fig. 7 Stable orientations rotated from Dillamore
orientationsD1 and D2 about TD as a
function of a(=¢;3/¢;; ) for fee crystal
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Fig. 8 (111) pole figures of AA1050Al sheets
asymmetrically rolled (roll dia. 30 cm,
upper roll 45 rpm, lower roll 23 rpm) by
66% in 8 passes, followed by 180° rotation
about ND axis and then rolled by (left
figure? 24, (center) 19, and (right) 13% in one
pass
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Fig. 9 Schematic illustration of dislocations with
single Burgers vector generated by slip
systems with single slip direction
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Fig. 10 (a) TEM micrographs of AA1050 Al sheet
asymmetrically rolled by 91% in 12 passes
at roll radius ratio of 2 in unidirection (UD
in Fig. 4) at room temperature, (b) EBSD
analyses of sheet of Fig. (a) after annealing
at 195°C for 1h

misorientation
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Fig. 11 CPFEM calculated shape of specimen consis
-ting of usual v—fiber oriented matrix and
various colonies after tensile straining by

Levels 1:-0.1260 2:-0.1150 3:-0.105 4:-0.0942 5:-0.0838 6: -0.0733

TO(2) 7: 00620 8;-0.0524 §:-0.042 10:-0.0316 11:-0.0211 12: -0.0107

Fig. 12 CPFEM simulation of €35 strain (contours)

in specimen composed of cube ({001}<100>)
and Goss ({110}<001>) oriented bands after
straining by 25% in TD ao
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