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Computer Simulation of Transformation Textures in Steels

Synopsis:

Ei-ichi FURUBAYASHI

Computer simulation study has been made on the martensite texture of steels transformed from rolled

austenite having the Cu-type rolled texture; the aim is
Le. “Active slip (AS) system model”’, “Bokros—PARKER

to appraise variant selection rules so far proposed,
(BP) model”, and “Twinning shear (TS) model”.

360 or 720 initial orientations of austenite composing the Cu-type texture were generated using the random
number, and individual orientations were transformed into martensite orientations using Kurpjyumov-Sacas,
Nisarvama or BAIN relation in a manner of Monte Carlo method.

Pole figures of {001} structure simulated in this way were compared with experimentally determined pole
figures by H. ABE et al.; the materials were Fe-25.7% Ni and Fe-30.2% Ni alloys heavily rolled in the
austenitic state and transformed into martensite after rolling. The AS model and BP model were not suc-
cessful in simulating the observation, but the TS model, when applied to the anti—rolling stress (i.e. stress
with the sign opposite to the rolling stress), was able to explain fairly well the pole distributions of dislocated

martensite texture of the Fe-25.7% Ni alloy.
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Table 1. Orientation relations between 7 and a.
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Fig. 1.
ume” composed of nine rhombohedrons in Eule-
rian space. Generation of 360 points randomly
distributed inside the volume leads to the Cu type
austenite rolled texture of Fig. 3(a).

Schematic illustration of the “specific vol-
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(a) : Cu~type rolled texture in Fe-30.29%Ni alloy rolled by
97% at 150°C at an austenitic state, (b) : transformation
texture of the same specimen in (a) but after cooled to
—196°C, (c) : transformation texture of Fe-25.7% Ni alloy
rolled by 90% at 400°C and then air cooled.
Fig. 2. Typical experimental {001} pole figures
of rolled y texture and two transformation tex-
tures in Fe-Ni alloys determined by ABe, ITo and
Fukumorov2),

Table 2. Major orientations in the series A, B,
and C in Fig. 4.

" Series Corresponding orientations
A {013} <031y, {113} <152
B {001} <110>
C {332} <113y, (113} (332, {113} 110y
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Fig. 3. Simulated {001} pole
figures showing initial austenite

texture in (a) and transfor-

mation textures without variant
selection in (b), (c¢) and
(d). Orientation relation used
is Bain in (b), NisHIYAMA in
(c), and KURDJUMOV-SACHS
in (d). (720 initial orienta-
tions are used in the calculati-

on of (b), (c¢) and (d)).
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: Series A [[[]] : Series B
E : Series C

Fig. 4. Schematic map of pole distribution in
{001} pole figures like Figs. 2 and 3 of transfor-
mation texture. Pole distribution is classified into
three series, A, B, and C, the major orientations
of which are shown in Table 2.
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Fig. 5. Simulated {001} pole figures of transfor-
mation textures with a variant selection rule,
which is based on the “active slip system model”
D21) K-S relation is used to calculate the trans-
formation variants with respect to the operative
slip systems of austenite. The most active system
on rolling (i.e. 8.3% of whole systems) is select-
ed in (a) with the aid of TUcCkER method?3v,
while in (b) the range of operative slip systems
is increased by 2.4 times than in (a).

Fig. 7(a) & (b) XX hEhEEILT & FEESIEL T
CRUT, TF REKEHD R NOHARBEHRET B A
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Fig. 6. Simulated {001} pole figures of transfor-
mation textures with a variant selection rule,
which is based on the Bokros-PARKER model16)3),
K-S relation is used to calculate the transforma-
tion variants with respect to the passive slip sys-
tems of austenite. In (a) 659, of the whole slip
systems are regarded as passive, and are taken into
operative transformation relations, while 209, in(b) .

SHEYRLIGER () 7 v rREX 42%) » Fig.
8 THBH. ZZTEBELCoORFIMLCHN, EHF -
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Fig. 7. Simulated {001} pole figures of transfor-
mation textures with a variant selection rule based
on the “twinning shear model”1M20), NisHIYAMA
relation is used to obtain transformation variants
with respect to operative {I111},(112), shear sys-
tems. The most operative shear system for rolling
stress is used on variant selection (i.e. 8.39% of
whole systems) in (a), and while for “anti-rolling
stress” (i.e. the stress in which the direction is
reverse to the rolling stress) is selected in (b).

~NhFk GHET S K-S BtR) i+ 5 = F et
THEREELT, EVEREBEGREH D) 7 v 2,
—XEh, TO—HEEOHTERELY S E D TH
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D
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Lo

.
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Fig. 8. Simulated {001} pole figure of transfor-
mation texture with the “twinning shear model”
as in Fig. 7 (b), but 422 of all the {111},
{112, shear systems are regarded operative for
anti-rolling stress.

FLMERBO L FABCIETH, ThEl ) AR
HRDOEELEFEODOREREI—H LI BHLMNT
B5.

BHEOF B AN =T AL, D 22T TR A
hbhiWIGHOE & O REFHEC B, ELEHETD
X BFENEREBVC—F R L. EEFEIGHOR
AT TR LT E fepsotedd, FEIE L 30k
R 7 ric—RBOBRBILNEELZDRS. ZOHRD
WP TERERLT 5. B AN E T L OHEY)
BRI OWTIRKRD X 5702 &0 T b,

BOGERS-BURGERS!? O " EHEAMIC L A=LT v A
PAEBERERC X, {111},(12), @ AKIDSERE © &
oL e h . BRI ERIETT 282w
T, Hico B2 3ZRED Y 7 v Fifik BREHEEC
IhAIEL, WHEAME=FAMCID>THATIOHEEL A
Y 7 v ARSI bR EEFEHLTWS. &
#- Karo, Mor1, SaTo 51— @# DO #HE20~2) b T,
A7 V4 P EBCB W CUIBREED X 5 mEED
HEL UTER LTI, {111},A12), A
Wi X 5 I BRRORIAD [BEH] AN EXPHEIERT
HEVHRMEBBEL TS, AR, L0 REY
HRRESHBOE» by E— v TH2 LA, LA
w, KEFAEBERMEVCERTEREFT LT ONTES
AT 20E DS, BERTTE EIESIGIOFME &
WHERMRTH LI REIh R &0, Thbo
ERI PP TH LT 5.

/Ny 7 v FERCEITS.Y 7 v VREERD
BRI OWT—F R~ SN 7 v N EBRERYERY
CRETDZ R ELL, —RAY 7 v b ph38EIR

— 103 —



1162 & & M # 71

4 (1985) # 9 2

SNV I IR DBETH, KEXVREY, HvFHie
ZE—-3) 7 v b EATpEiE, Bork 59 23RN TU B
IOMBI DIy 7V BRFELTWD BEXR
67%) L\ ol RE 4 Fig. 2 oBAELTES. L
L, AUBFERTHDOELTY, Fig. 4 © A, B,
COBERINCETMD Y7V I EEGAT BB A
1, R#T ER Ny 7 v b BRA VWL 3B 5. &
BROBRIFENZ D L SIckEEE LD, TREEG
DOMEERAERRRD > I o v—v g VIDELME
THBHERXF L. ZOBEB R Rk
BERORH M Lo THBIENNRE L, ZOLE
NI mbb EELLRENLTHD.

7. E #

ARRONBLEHTHLERDELE D TH 5.

(1) MBS EEEE T AL — AT+ 1 + &
BRI LOLREAHBY = v T o e BC L bt
BB 3o v—v o vRITOk. REROERZBENS [
FCARAFICRE A3 5 JLFIAY {001} FiS X% Y, “h¥ T
MBI TV 7 v b BIRBIA & & Ui A
LR 7.

(2) V7 v SR EE L3 BBA N O
B, FRBEKOBEENM L 0 RS
H, ANV T VP BRIROFEHIRE S Hic.

(3) Y7 v ERAlD—2L LT, FEECX 24
PRA —AFF 4 DT R RIFTHEL L L1 L
EHTRNY R F AL BRI T A2 AV o 3B T
i, FRHEREY S EHBTE LY. ZhERLTH —
AT FA D {112 »AWAR T, BHNHOE
THREE T HEEE M E O [EESIGET] OBhiF
RE U L ERRE R B R AT 5.

AR ZITTHCY e, BEAHBERLLERY W
TG ICHEERE, KL, BIEERO# K CE# O
BrERTs.

X S

1) Wk, (FERK, Boi— HALB¥ £
gk, 31 (1967), p. 37

2) PIESFHR, K BARB¥ S 31(1967),
p- 1300

3) F. Borik and R. H. RicamAN: Trans.
Metall. Soc. AIME (1967) 239, p. 675

4) S. Waranagg, T. Araki and H. Mivaju
Proc. ICSTIS, Suppl. Trans. ISIJ, 11 (1971),
p- 1020

5) S. R. GoopMaN and H. Hu: Trans. Metall.
Soc. AIME 230, (1964) p. 1413

6) H. INacakr Trans. ISIJ, 17 (1977), p. 166

7) MiEBW, IR 8 &M@, 65 (1979), p.
1747

8) H.-P. SarrLEr and G. WassermANN: J. Less
Common Metals, 28 (1972), p. 119

9) M. KuoBaiB, R. QUATTRONE and C. M.
Wavyman: Metall. Trans., 9A (1978), p. 1431

10) fRE#E: AASB¥ESSH®, 21 (1982), p.
408

11) frsEsmel: #AEK (BEASBYS&H) (1981),
p- 61 [HA&E¥%K]

12) fRmEmEh: £ARK (RIBE—#) (1983), p. 197
[A#E]

13) Z. Nisarvama: Sci. Rep. Tohoku Imp.
Univ., 23 (1934/35), p. 638

14) G. WassermaNN: Mitt. Kaiser-Wilhelm-Inst.
Eisenforsch, Dusseldorf, 17 (1935), p. 149

15) J. R. PaLEL and M. CoHEN: ActaMetall., |
(1953), p. 531

16) J. C. Bokros and E. R. PARKER: Acta
Metall., 11 (1963), p. 1291

17) A. J. Bocers and W. G. BurGERs: Acta
Metall., 12 (1964), p. 255

18) D. GoopcHiLp, W. T. RoBerTs and D. V,
WiLson: Acta Metall., 18 (1970), p. 1137

19) G. H. OrseN and W. A. JessEr: Acta Metall.,
19 (1971), p. 1299

20) Y. Hico, F. LecroisEy and 7. Moru Acta
Metall., 22 (1974), p. 313

21) M. Kato and T. Morl: Acta Metall., 24
(1976), p. 853

22) M. Kato and T. Morn: Acta Metall., 25
(1977), p. 951

23) A. Sato, M. Kato, Y. SuNnaGga, T. Mivazaki
and 7. Mor:u Acta Metall,, 28 (1980), p.
367

24) ABRFH W, P—F, SEESME: B8, 52
(1966), p. 1171

25) M. J. DicksoN and R. P. STRATTON: ].
Appl. Cryst.,, 5 (1972), p. 107

26) J. GREweN and G. WasserMaNN: Texture, 2
(1975), p. 45

27) G. SToNE and G. THOMAs: Metall. Trans., 5
(1974), p. 2095

28) wHpkI—: 2k &4, 71 (1985) No. 10 (2 i5#F &

29) J. S. KaLLEnp, P, P. Morri1s and G. J.
Davies: Acta Metall., 24 (1976), p. 361

30) A. Jones and B. WALKER: Met. Sci., 8
(1974), p. 397

31) U. LorteEr, L. MEYER and D. KNORR: Arch.
Eisenhiittenwes., 47 (1976), p. 289

32) wmA B, ki H, HFFR LM, 66
(1980), p. 102

33) E. A. CALNAN and C. J. B. CLEws: Phil.
Mag., 42 (1951), p. 616

34) G. E. G. Tucker: Acta Metall.,, 12 (1964),
p. 1093

— 104 —



