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Formation of Transformation Texture in Controlled Rolled Steels

Toshiaki YUTORI and Rikuo Ocawa

Synopsis:

The formation of the transformation textures has been studied in low C-Mn-Nb-V and low CG-Mn-Mo-
Nb steels which were subjected to deformation in unrecrystallized austenite region. Using the method
of crystallite orientation distribution function analysis, textures were quantitatively determined in as-roll-
ed and as—quenched steels with polygonal ferrite-pearlite or acicular ferrite or martensite which were
produced by an experimentally controlled rolling process. Transformation textures develop markedly
by deforming austenite phase in unrecrystallized austenite region. The textures consist of two preferred
orientations; {113}¢110) and {332}{113). The density of these orientations, especially {332}(113}
in both acicular ferrite and martensite steels are greater than that in polygonal ferrite-pearlite steel. The
orientation density of {332}(113) in both steels increases with decreasing prior austenitic grain size.
Crystallite orientation distributions after transformation of austenite having (110) [112], (641) [112], (321)
[214], and (211)[111] were calculated for polygonal ferrite—pearlite and martensite steels. It was as—
sumed that the austenite to polygonal ferrite transformation followed the Kurdjumov—Sachs lattice orienta—
tion relationship and that all the variants were operative during the transformation. While, in the case
of the austenite to martensite transformation, such variants were assumed to operate that corresponded
to the slip systems with the largest resolved shear stress in the slip deformation of anstenite phase. These
calculated crystallite orientation distributions are in good agreement with observed results. The formation
of the transformation texture of acicular ferrite steel seems to be similar to that of martensite steel.
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Table 1. Chemical compositions of steels (wt%)

Steel C Mn S Si Cu Mo A% Nb
A 0.11 1.36 0.004 0.26 0.16 0.01 0.045 0.041
B 0.08 1.97 0.006 0.12 0.22 0.34 0.005 0.036
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Fig. 1. Schematic diagram of the experimentally
controlled rolling process.
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Photo. 1. Microstructures of controlled rolled steels. Digits indicate the tensile strength (kg/mm?)
(a) polygonal ferrite~pearlite (b) acicular ferrite (c) and (d) martensite
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Fig. 2. Sections at ¢=45° of crystallite orientation distributions, showing transformation
textures of controlled rolled steels with various structures.
(a) polygonal ferrite-pearlite (b) acicular ferrite (c) martensite (steel A)
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Fig. 3. The influence of rolling reduction in the
unrecrystallized austenite region, Ry on
transformation textures of steels which
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Table 2. Previous publications and present study of texture formation in hot rolled
- and controlled rolled steels.
: (I) Previous publications
» Steel Ass%rfizit:tlil(s)g:mte Lattice relationship Malgf ct(;r;;gggent Microstructure
43400 (112) 1113, (a) or (b) martensite
(110)[112]
3 = -
0.1C-0.8Mn-Nb» (123) 14121, (b) (112)[1107 acicular ferrite,
- (146) [211] martensite
0 0.05C-2.2Mn-Nb® (110)[112] (a) or (b) } near (111)[112] bainite
. 0.1C-Mn-Nb® 110}<1123, (b) {113} <110, ferrite-pearlite,
112}<111) {332} (113> acicular ferrite
? 0.05CG-0.3Mn1® {110}<112}, (c) 100} <0115, ferrite
: {112}<1115 0113<011)
(Q (IT) Present study
0.1C-1.4Mn-Nb-V (110) [112], (b) {113}<110, ferrite~pearlite
| (steel A) (641) 11127, {332} (1135
- (321)[214], (d) martensite
’ 211111y
- 0.08C-2Mn-Mo-Nb (d) acicular ferrite,
(steel B) martensite
& . . .
(a) : All variants of the Nishiyama relationship?5’
(b) : All variants of the Kurdjumov-Sachs relationship
(c) : Variants of the Kurdjumov-Sachs relationship, correspond to the 7 slip systems having largest resolved shear stress
(d) : Variants of the Kurdjumov-Sachs relationship, correspond to the 7 ship systems having lower energy of converted dislocations
from 7 to a within (c)
k
- Table 3. Relative shear stresses and type of conversion of Burgers vector for slip systems
| of assumed anstenite orientations.
“ Rel h
elative shear stress, /¢
Slip system — — — — Type Of**
I(110)[112] T1(641)[112] I11(321) [214] IV (211)[111] conversion
al (111)[110] 0 0.077 0.136 0 A
a2(111)[101] —0.272 —0.326 —0.272 0 B
a3 (111)[011] —0.272 —0.249 —0.408 0 B
b1(111)[110] 0 0.231 0.311 0.408 A
b2(111)[101] 0 —0.116 —0.233 0.136 B
b3(111)[011] 0 0.116 0.078 0.544* B
cl(111)[110] —0.272 —0.442 —0.350 —0.544* A
c2(111)[101] —0.816% —0.832% —0.700 —0.544* B
c3(111)[011] —0.544 —0.390 —0.3850 0 B
d1(111)[1i0] 0 272 0.134 0175 0.136 A
d2(111)[101] —0.544 —0.621 —0.166 —0.408 B
d3(111)[011] —0.816* —0.755 —0.836% —0.544* B

* : Slip systems have largest /¢ for each orientation.
**A : F le, dl1 1/2a[110 -7 AT 1
or example 1?62%211?1 1 J6ap1311 } on (I11); —> a[010] on (I01),

1/2a[101] or

*#¥B : For example, d2 ~ — - -
l/ﬁa[112]+1/6a[211]} on (IT1); — 1/2a[1T1] on (101),
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Fig. 6. Calculated crystallite orientation distri-
butions, showing textures after transfor-
mations from austenite to (a) polygonal
ferrite-pearlite and (b) martensite. Num-
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Fig. 7. The comparision between observed and
calculated transformation textures for (a)
polygonal ferrite-pearlite and (b) mar-
tenite transformation.

(Replotted from Fig. 2 and 6.)
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Table 4. Ratio of orientation densities of trans-
formation texture, R.
R=D{332}<113)>/D{113}(110)

Ratio of orientation densities

Transformation
Calculated value | Observed value

Polygonal ferrite-

pearlite 0.45 0 38
Martensite 0.64 0.62
acicular ferrite 0.64 0.71
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