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Effects of Initial Texture on a—y—a Transformation Texture
in Sheet Steel

Osamu HASHIMOTO, Susumu SATOH, and Tomo TANAKA

Synopsis:

By using low and extra low carbon sheet steels with the initial texture of {111}, {110}, or {100},
the effect of transformation condition has been investigated on the texture developed by ferrite (a)—
austenite (y)—ferrite (a) transformation. (1) In specimens with the {111} texture, slow heating to
transformation temperature produced {100} texture, whereas rapid heating gave the texture consisting
of {110} and orientations shifted away 20 to 30 degrees from {100}. (2) Rapid heating gave {100}
texture as far as transformation was performed for long-duration of time as high temperature. (3)
The before-mentioned results did not change with variation in annealing atomosphere. (4) In speci-
mens with the {100} texture, slow heating and rapid heating produced respectively {100} texture and
the texture consisting of {110} orientation and that shifted away 20 to 30 degrees from {100}. (5) In
specimens with the {110} texture, slow heating produced {110} texture, while rapid heating gave {100}
texture. (6) To explain these experimental results explicitly and consistently, the new theory on the
transformation texture was proposed: Such variants with the Kurdjumov-Sachs relation that undergo
larger elastic work in normal direction of sheet tend to operate preferentially with decreasing rate of

traransformation.
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ZHITHO eI T {11} BELREAHEBEYET
LM ERM & LT, aoroaBREEOEEEBC
BAETHE, HHEE, 7tHOREOFEL .
FOFER, WERCHRIh 3 ERESHBIIAERD S
VIIBAEEE L BB S h, 28R o%4E {100}
23 20~30° e 7o 6L & {110} J70hs B 2 B A A
R, BRE-GREOSHE {100} EEH2RT o L5
ot fibl, 23 LIEHED 5 IXRECE VRN
o FHFOLE TR FRGHEE b b3 {100} &
{111} 7ol 2 EEOFHFCEEFHBMBERIh S 2 &2
brote. T LTZhbofRIL, BEHOERC I 2T,
Tibb a b oy HE O BRI Kurdjumov-
Sachs(KS) BHRHES b0 & L, MR IVEFEZ
h B REEEF R~ OBEBRELEFEORE Y > ) 7 v
FOREND B\ IR RICIREE CEBEMCEE T 5
POLLTHATE Z EATE.
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4ho {100} HB\x {110} & & OBATHRILT S
ERFERTHE LD, AR, GEEEUI ORI
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Table 1 w”3 #HR O 2 FEHE O BIEMN 2 B & L
o, ZZTAHNL 700°C TofiREEsE Lk h CE
% 0.001% ¥ CEBLALDOT, FEY THWwitbD
ERI—DRBTHD. ChboMEZDEELHDVELE
BeinE Lk X b, PG RREREE 10~600p O
CHRE L0 bSHIEE L. FEERBIEL, ALO, i
RTRABEOEE X E#E <y 7 LT, Ar JfEHT,
BHAENI I BT oOREF P LOF AL EIREAL
TERMBICHE Lz, Sy F v 7HMBIE LTEH S
C b iR B U e [RIRELBR 0 F6 d ER A & Fl Ao FHRGE
ERABOBHBET 50~100°C/min, HREDLHAEAT 20~
100°C/h & L, B3N CFS (50~100°C/h) & L
7o R OEAHB (200) iRk ¥ X OFRHE AT
CEET S (200), (211), (222), (110) EoXHBEH
BEL (X5 vHR) EREACMETSHZ Ltk bR

Table 1. Chemical composition of materials
used (wt%)

Steel|] C Si Mn P S N 0
A 0001 [0.091 | 0.34 [0.011 [0.014 (00028 [0.0049

B 0054 [0.001 | 0.37 |0.006 |0.006 {00010 |0.0094
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3-1.1 7 M CTORFEREOFE

Af%r SO%WBHIFEIE L7-Db, &%k (50°C/min) %
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HEL 5~120min HRFFEFS Lz, Fig. | Iff&#F
BRI b 5 RAHB O T A RT. GATEOS SR
B, REc»»b b3 {100} £EA>hicd o2&
LS. 72 L 950°C ¢ 30min [ {35 & {100}
H#RETL, {110} £ #Mints \@achs. —
¥, BEERE LA 950°C (REFFCIXEFEREEIC 2
b HP {110} £ L DL V. LasL 1000°C 5
O EEREA 5bmin IFci {110} #3, 30 min
Dl Ecix {100} £BE1EL 75
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Fig. 1. Effect of holding time on transformation
texture in steel A heated to 950 or 1000
°C at rapid (50°C/min) or slow (20°C/
h) heating rate.
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Photo. 1. Cross-sectional microstructures in steel A
transformed rapidly ((a) and (b)) or
slowly ((c) and (d)) ; (a) and (c), and
(b) and (d) were held at 950°C for 5 min
and 30 min, respectively.
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Fig. 2. Effect of annealing temperature on
transformation texture in steel A,
rapidly or slowly heated to given
temperature and held for 1 h.
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910°C 1o ff#h L7=35a {111} HEEMB oL M. &
B E LIRED Acy JRE T THOICIcDICHE M
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{110} BB 2 L L, FhXvBR/ics & {110}
ERITETL, {100} EFEI ML i EHARD . HREk
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LA, BRERS i LicsdoT {100} €T & &
iz {110} EEBEMTAEACH 5. o h boFRI

Fig. 1 @WRLEHERLISHEL TS, TinbbL
Thofe b BBcCIERRER © {110} £, =iERE
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Fig. 3. Effects of annealing atmosphere and its
pressure on transformation texture in steel
A, 789 cold-rolled, slowly heated to
950°C, hold for 15 min; (200) pole figures
are shown in (a), (b) and (c).
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Fig. 4. Relation between recrystallization and transformation textures in steel A with
prior grain diameter of 500 u, 409, cold-rolled and heated rapidly or slowly
to given temperature; (ai) and (bi), and (at) and (bt) represent (200) pole
figures for recrystallization texture and transformation texture, respectively.
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EETCE LR X 0 ASOFIERE MR EZK 500, &
L, ZTh% 40% ALRHEEBZE DD\ HEEBWC XD
950°C ¥ CTHIE LT 15min fRFEEF® L. BERS
XU RE#RA 800, 850 ¥ X0t 890°C DARED HZE
HLERREZAWCr BRI OEEHB LT, 86
hiciER%a Fig. 4 wrd. 7 BEIIIAEEE )
bbPohie {100} 2 EH THhDH. J[BEEEM X
{100} > &b 20~30°C DFHfLE {110} Fr~nHER

b OoREAHME RS (Fig. 4(bt) . ZHITF#ESY T
Ui {111} #iEAEBE BT AR T2 2 BER L
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Fig. 5. Effects of initial (recrystallization) texture and heating rate on transformation texture
in steel B with various grain size, 609, cold-rolled, heated at 700°C for 10 min, (1i),
(2i), followed by further heating at 950°C for 15 min, (1t), (2t) or 1000°C for 1h, (3t);
(a), (b), (c) and (d) show (200) pole figures.
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T Ui B8l % 60% ARIFELE, BAS ShBasis A re s
L. ThbbAaBEE B L b 700°C wwF
L 10min REEHBES LA oW THERES
MBAFAND &L b, AR RSO R E TR
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Fef DWW ER OV T E2E LT 1000°C ¢l h o
REAIE R 1707, Zh BABAWHEM O&E&HM % Fig. 5
iR BIREE 2 b 7  BIERT O RS K
¥ leb e ohCa M AEARAR S Lk {110} 7
fumnFz L {111} & {112} MEMETT 5. £ LTHM
ReiebeonT {111} JGAeassi< 7z 5. 950°C T4
HUCERBREAEBCOWTR D &, 2E8M TR
KN HDvd B3 {100} BREM oL bR (Fig. 5
(2t)), 700°C ToOELGHEMK L 3—RERR- X SR

2. %. L LERBEEN ciBERESH#o T e
ST AR TR Bz {110} d@Es s L, {100}
{112}, {111} g5 (Fig. 5(1t)) W Fhc
Lf%‘Um}@ﬁ%Aﬁ%%%LtﬁﬁV@%?hd,

h%&éhé_&#bm
&’5Tr§%ﬁm{ﬂuﬁéﬁﬁéﬁ?éﬁ%%%
ZERE LIcE, AgTix {100} 25 20~30° EEhic
ﬁ&&{mnﬁmaﬂakéﬁéﬁ%&ﬁ5W%,B%
cix {100} EoHLc7cs (Fig. 5 Ok 10p #Ha
2R). EE OB I XL, fRE L BB ORER 7
MY, i T a— 7 BRERFOTREH O DNE O DT
BT %Y > )7 v b OELEEBRB o cfThh s ok
LT, $BF CIIEREESE DY » )7 v b DFER
BT bhisEvS Bk D, LicadoC ko 2 gifE
MoM#sy, FEFRO¥DL51cE2 . Tibh B
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> .
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transformation transformation transformmation

Fig. 6. Relation between primary and secondary transformation textures in steel
A; (a) and (b) show (200) pole figures.
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TRAMEHBE L CCEEENE L, THERER La,
T XERERPASHO 20 5L Eh B 7D, FiREED
HUCLTREEEIL 1/20 I TF 5. Fot-dic{lll}
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BhDEEZBRS. Ly L {110} B ESEEE T
HEHAOVTIL, Fig.5(b) &(c) mmdZ &L, &
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HERR L THRTH DA R D 5.
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12 SRR G {110} BREIRIRS T h. I RBBERTD
EECREREE T &, RERRRFEROSS &
W UEAHER e B8, IEEHALR {111} T
(Fig. 1), {110} THREEETH v BKRE. Z DRI
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B ECFERLSHPETES. TobbAREROLAIL
FTRTCOY » V7 vV D7y NP INDD, L Dlen
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. in Fig.5 (3t)
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in Fig.5 (1t)
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FZEor R X v e Eh, TORNBIRELELTH
55, ThbbREOBERTHY Y 7 v OER
WrABRAEROEE S r BRERIINEDZE & U TR
LY%EELZLRS. LB OTARMERBOBEAETY,
ER TR T 5 B ARV MR R BV D8
FEEL LT, hichd Ry O/NXWHLL a— 1 ZERERS
CER I e 270 LWIRIIC s b BRBEERE D
& LR EARBESTER IR S.

3-2.3 ZFrEww X b {100} BBz {110} EAHEBY

R LIt 2 BRI -85S

Ak {100} B 5 i {110} BEMKESHELE T
LRARAHHERAM & LIEE, ey BT TR
LOBERERESGHEBIEL LT LESAIEELDS. £
ST DORARIES 5 =D {100} BBk {110} ZEE
BAEBEBEY BTsRARE B ML LTER L., T
{100} ZHEEELAHEMEETHIRF L LTCTFRObDOEH

(a) RD

11— -~ -
s
ol | | ||
10 100 200 500

Grain diameter ()

Fig. 7. Effects of initial grain size and primary transformation texture on
secondary transformation texture; primary textures are shown in Fig.
5 (1t) and (3t); (a) and (b) show (200) pole figures.
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Wit T 910,930,1000 5 L8 1050°C THEEEL
ERE LI (A (Fig. 2 2R), 5 LU A& ESE
¥ LRI X 0 i s a1y 40~600p OHiH i FH%
L, 80% WHIEER, HREZe L C {100} £aHEMY
REICLRA YAV, BERBAE L LTRiEL 2
2, BELXHEBC LY 950°C T 15min FREEBFHL
o, BERBOSAMHMEY Fig. 6 iy, J#MH
{110} £ E {100} 2:5 20~30° B ‘oL~ DER
PSR, —HHREG C {100} EEEBSRET LS.
OFEFL 3-2-1 Tl RIcb DL FOLAKETHS T
7thb {100} FHIEESHEBEE THAL, ThH
ERESHEchh, BRESHEB THIh, REBERE
i {100}, @mEhArRefer {100} A5 20~30° EEi Aoy
fiz & {110} Ffrh Sic 2 EAHEREE 5.

D E 1 {110} ZREESHEBE R TR & LTHhEE
950°C ¢ 15min(Fig. 5(1t)) #7itZ#%% 1000°C
<1 h(Fig. 5 3t)) oFRMELELBE % v
fo. B ARIES R E L s o T {110} Eaesk
A < B L g R A (Fig. 5) Th 5.

950°C x 15 min JUEEM 25, 1000°Cx 1 h LBEH %2
LT 950°C < 5min OZERME S I Lz, Bohi:
KEHEMEY Fig. 7 wrnd. RE-FEERIIIERD
REERE L RRORGHEBEY MR T2 (Fig.5 &) .
ok, {110} FRREASHBIIRBBERE DL {110}
FHiro, {100} ZRESHBIIRE {100} Hzo%Es
ke R T 5. —HaBLcgE, {110} ZFReE A
M {100} mARBEAHEB S ey, {100} ZReLAHERM
Table 2. Relation between initial and transforma-—

tion textures in steel A and B held for
short time at low temperture.

Initial Transformation texture
Steel texture Slow heating Rapid heating
A f1111 | {1001 {110} &20~30 oft {100}
{100} ] {100} {110} &20-30"off 1100}
tr11}y Doo} {100}
B f1ool| {1001 {100}
{110l {110} frool

{100} initial texture

AW

{110} initial texture

Ilinitial

Slow heating

Rapid heating

Fig. 8. (200) pole figures showing initial {I00} and {110} textures and simulated

transformation textures.
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% {100} HAREAHEBE 5.

BEDIDICA, Bk 2 INESER - LeEE
B OBIR AR ¥ LT Table 21273428, CEDEL\
B curwi@asitras {100} oFETh, {111} o
HRFCEBEEER I, ARLHRBERLCELRLE
EHERE & FkE {100} B SR T 5. 3-2-2 TR
Tol L CDRERL CENS L s L EREEENEER
B IED L EZDLI LI Y LB TES., Fi,
{110} WL AHBCRETIE, ThXERRC IS
PO CTHI, TEBIZLDLDThh, FhiRBgmed
% & {110}, Z#gred5 L {100} EE5HEMEHR TS
o LD B,

4. = =

FEIHHOIC R T {111} FHESEE L BT 5
W E a7 >a BRI L EInRE T 5 TReELGH
BBE LT, MTRBA2RHEDOCEEEXERETS
Tk, TOWBIELFE R K HiE LE
BT EwBRNe. ZEEOHBOFTEUTRT.

(1) a—-y—oaBBcBIF 5 beelfee Mokl
frBE{RI KS IR LT 5.

(2) MHsHRCHE LRI 2&AFERCSED S
WHEBREF R~ (EFEO #&% R (a—>7r FHE),
Ri'(y—>aZ88, 1, jlxav >V 7v1) &T5%5. BREE
VBB EL RS R ORERERX SOV )TV
FOMERTERE L, BHREHIESSE B AL RS R Off
LIER R DY » ) 7 v ARG ERET 5.

(3) RL,Rp’ DFEINIL, HEEMETIER=0,Ry >
0k L, #REEHLEETIE Ri=35, Rj /=30 4%,

AEEBTE LR {100} 5k {110} FHiE A
MEBTHIRFOFEESHBE IR OERK DD ED
BEET5. T oTh {100} REHEESA LT 28E
ik, Ré, Ry ofiEI(3) L THH, {110}
BT & T 55 A W RE Offiic 30 Pl kDb D
MDD T, EERBTREOE SOOI Ri>20, Rj71>20~
25&Lk.l

WESHB O e F v E LT, BEIFRA {100} B
A1 Fig. 4(bi) %, #BEHAH {110} OFA1L Fig. 5
(a)BAT5. chboEAEHBEIRERRLL 20
DI CEB L, Rl Ry’ Offix ZERRHEEE CChid
DL EHREHRAMT S L X hEE L. T
2 bOERREAHMY (200) FERHEKE LT Fig. 812
BT, D THEREBO BANRK B L EEER, £
{200} FREDSHEEN L —016 Lic & X OfER OB D
BHEOEHFBTH Y, PHESHBOM AR L Tk

¥z {200} fREOBOHRE TR Lic. Fig. 8 wriuk
{100} WHASEAHET BB {100}, ZBTIUE
{100} FHfroEibh 20~30° DB IcEREBTHEE
ML 7y, Fig.d(at) & (bt) @R LBRRKZ X<
FHL TS, T4 {110} wiEaE/RT SBT
& {100} AR HaT s L {110} £5HEE D,
2130 Fig. 5 () BB (b)) R LIcERER &
ISHB LTS,

LehS o TR Tk~ 7 {111} wi s aflie /7
DAL, RBTTHRAI {100} B ok {110} Wi
ESHBEYETABRECOWT, ABE IRBERERIC
RETHESEMEY 1l oDBHO D L FE L HK—
WEHAT 5 2 L5 CT& 7. & 7o ZPRER: O fRFFE PR
PIERBE AR I JIE TS L Th, kT
DERRBCATEGREICHTA A L L VB TE, &
LIz CEaBFROMEI & AERBESHBOELEL L C
BEAEEE L ORI D FERSHAT L Z LT
E N

5. & E]

CEBEEDRNS 2HEBOBEHKMKLZTDOEEH 5
WITTEBEE Lic X 0 SRR R RE L, aEEEE,
22805 B\ T REGE LT 910~1050°C iR EHIFC
REMBT A Lk, a—r>aBERESHBCE
JiET r BRERTO R AR, AEEE, RERE, KH
L BEFRRROFE Y. To/fBR, HM
W o AreE A, {111} wEasEREET 5
LDIEDOWT, a—-y—>aBREEL (1) RELCBE,
FEREE, BRcobdo b i {100} EE5HBE L5,
(2) A&, (KERGE LCEA, {100} 225 20~30° g
hicHificdks oo {110} Fz~o&EFxrT. ) 28,
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