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A Mathematical Analysis of Dislocation Slips during Cold-rolling
Related to Recrystallization Texture Development in Steel Sheet

Osamu AKISUE

Synopsis :

A twisted region was thought to be an origin of recrystallized grains having a preferred orientation.
Stable crystal orientations of the twisted region were mathematically analyzed by assuming that the
twisted region was formed by blocking of a dislocation slip system during cold-rolling. In the mathe-
matical treatment, {111} pencil glide system was assumed and cold-rolling deformation was charac-
terized by a plane strain (—de, de, 0) model.

There are two stable crystal orientation families of twisted region; (1) crystal orientation around near
(R.D.—»N.D.) —60°//<{110) axis from {11, 11, 8}<4, 4, 11> to {211}<011}, (2) crystal orientation around
near (R.D.-»T.D.)—11.5°/[{110) axis from {001}, {110) 11.5° to the orientation rotated by 35 degrees.
These crystal orientations of twisted region coincide with those of experimentally obtained recrysta-
llization textures.
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Fig. 1. (100) pole figure of recrystallized capped

steel after cold reduction of 659 and annealing

at 720°C for 2h.
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@ (554)[225], ———(R.D.—N.D.)-60°//<110 fiber
texture.

Fig. 2. (100) pole figure of recrystallized Nb
added steel after cold reduction of 709, and
annealing at 800°C for 10h.

@ (554)[2257, & {001}, <110312°, ———(R.D.—T.D.)
-12°//4110) fiber texture.

Fig. 3. (100) pole figure of recrystallized capped
steel after cold reduction of 969 and annealing
at 750°C for 6h.
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Fig. 4. Rotation rates of twisted regions in the
range from (110) [001] to (001)[110].
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Fig. 5. Rotation rates of twisted regions in the
range from (11, 11, 8) [4, 4, I1] to near (100) [010].
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Fig. 6. Rotation rates of twisted regions in the
range from (110)[001] to (110)[110].
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Fig. 7. Stable crystal orientation of twisted region
in (100) pole figure,
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Fig. 8. Rotation rates of twisted regions in the
range from (001) [110] to (110)[110].
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Fig. 10. Rotation rates of twisted regions in the

range from (001)[0.83, 0.55,0] to (0.45, 0.54,
0.70) [0.80,0.60,0.05].

Rotation angle of (001)[110] around [001] axis
(a) is 11.5°.
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Fig. 11. Rotation rates of twisted regions in the

range from (001) [0.55,0.83,0] to (0.55,0.45,
0.70) [0.60, 0.80, 0.05].

Rotation angle of (001)[110] around [001] axis
(a) is —11.5°,
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Fig. 12. Stable crystal orientation of twisted
region in (100) pole figure. Near (R.D.—T.
D.) +11.5°/{110) fiber texture.
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(a) Schematic illustration of a twisted region. (b) Direction

of a blocked slip is perpendicular to the [110] rotation axis.
(c) Direction of a blocked slip is not perpendicular to the

1 107 rotation axis.

Fig. 13. Two types of twisted region.
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{110} /gL, FhoboE ETn 4203 FHK
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d4, = 1;2 {({dey—dex—dez)—1V 2dyryz—V 2 dbx}

e 1 N (A_]_a)
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dB, — Vf;)’— {v 2drxy+3drzx+doy—1/2dfz} =0

ceeereenreeees (A=1b)

dd,~ % {(dey—dex—dez) +1v/ 2dryz
FV T dOxg} =0 v (A-22)
dB, = —VZE {v 2drxy —3drzx—dfy—1/2dfz} =0
cereerennens (A-2D)

dAy = 318/2 {— (dey ~dex+dez) +1/2drzx
—1V2dly} =0cccreniiiniiiiiiiniiiiii (A-32)
dBy= Y3y Tdyay —Sdry 1+ dox 1/ Tdoz} =0
..................... (A-3b)

4= 18/? {— (dey —dex+dez) =1/ 2drzx
F+1/2d0y} =0cceereeiniiiiiinii (A—4a)

dB, = %—3— {V 9 dyxy +3dyyz—dox+1/2d0z} =0
- cervereennnnee (A—4b)
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