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| Hot Rolhng Texture of LOW Carbon Steel.

 Haruo KUBOTERA, Kazuhide NAKAOKA and Takashi NAGAMINE

Synopsis:

Textures of hot rolled strrps of low carbon steel were determined. Samples were taken at the ent—
“rance and exit of the hot finishing train and between each stand of it.

The principal preferred orientation was (100)[011].

with decreasing ‘thickness.

{1103<110> was also found, which weakened

Obtained {200} pole figures can be accounted for by assuming (1) that the rolling texture of y-phase
was composed. of two preferred orientations of {110}<112) and {112}<{111> (2) that the compressive
stress ¢ normal to the rolling plane and the tensile stress -¢ parallel to the rolling direction are opera-
tive in rolling and (3) that the austenite transforms to the ferrite by a Kurdjumow-Sachs relationship
where the austenite slip plane and slip direction which have large resolved shear stress are parallel to

(110)4 and [111], respectlvely

» (Received 11 ‘Apr. 1966)
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D, OBV Table 1 WRTEEDTHS.
Z OFBE, HHKILEER PR S EE I X D 135 mm

Table 1. Chemical composition (wt 2).
C Si Mn P S Cu
0:05 | tr 0-29 0:010 | 0-025| 0.07

Table 2. Rolling condition of hot rougher..

EX94smm MO T T HRELE ST, —EREHE,
e\ COEREINEME (B2REE1280°C ~1300°C) TNk
Sh, HEEEZ S S2TEBD, 6 2% MR
B EERIC A D, BHELESR AL Table 2 TR
Kl

AEH, B REEESIOA D, HAkX0EX
&2 FHITC, A5 7TEE2ER L. TORFOEL EE
JELAEA Table 3 Ry . —fkic, RERETIE, &%
20 RCRBETHL LD, A&y NBRZ &Il
27°C OIREET D5 EL, 222 FEOBELHE
ElL7z. 7a¥, No.6 2% RTCOFEEEEE 550m/
minTdhH5. .

B ORI OWT, X RIE & BN RE R T
D7z XEREHFICRENR ORBAM 2 BmEIHic X v,
REC DWW TR S, REEIC W T AR 559
lmm EXFTHEL, DWTERLEHRLAKZEDESK
IR THI0 1 mmO[E X T{LEMEL 2l 2Bz,

HISEE BT, Bl Ve G S P X REEEG
X-T8-¢, MoK, #(Zr 7 4+ v & —4FER) i X b {200}
(110} X0t {222) WA, ENEEIE, 40
kV, EEHRIX 20mA TH5. T UEHCTHEERC

4775 {110}, {200}, {211} I Xt {222} MO RAHRE

ZREL 7.

ﬁﬁ%ﬁ%mmﬂ®WEkﬁﬁﬁmﬁ%5%nmlf

Pass Expected reduction | Expected thickness - BE L 7o ikEB 2 53R 100 f5CEIES L7e.
(%) (mm)
- 3. X B OB R
ﬁg: é 51}575 ISIJ-?) Z B OIRE L B 1 0 T {200} HR R A FE
ﬁaz %g gg 7z. Fig. 1~4 32 OREHIT, £hLh, LA F
o. .
No. 5 39-7 '2-3 FAH, No.l 2%> FiBi#ith, No. 4 2x N
Note: Work roll diameter is 914 mm (36'') No.6 2% v MEBROUFITOVTODOTHS. C
Table 3. Specimen number and rolling condition of hot finisher.
i . . ) s imated ial
Sgﬁigggl Sampling position Thicnekss( mm) | Reduction (%) E:zin;;faturiatggg)
F1 On the entry side of No. I 93-7 . 1000%
finisher :
F 2 ]get'ween No. 1 and No. 2 11+9 49-8 973
nisher
Between No. 2 and No. 3 . .
F3 fnisher 67 43-7 946
F 4 Between No. 3 and No. 4 4-5 32,8 . 919
finisher
Between No. Z and No. 5 ] .
F5 fnisher 3-3 26-7 892
Between No. 5 and No. 6 . . )
Fo finisher 2:6 21-2 865
On the delivery side of . .
F 7 No. 6 finisher 2-3 115 840*

Note : * observed value Work roll diametr is 622 mm (24°5'")
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N < (100) o1
a o) o1 = 1) ©n)
Fig. 1. {200} pole figure of specimen F1 taken from Fig. 3. {200} pole figure of specimen F5 taken from
the center portion of 23°7 mm thick strip. the center portion of 3‘3‘mm th;ck strip.
Intensity values in arbitrary unit. Intensity values in arbitrary unit.

RD.

+ (100) (On) ‘ ¢ (100) I

a (o1 (01} = (0i1) (o)
Fig. 2. {200} pole figure of specimen F2 taken from Fig. 4. {200} pole figure of specimen F7 taken from
the center portion of 11'9mm thick strip. the center portion of 2°3 mm thick strip.
Intensity values in arbitrary unit. ' Intensity values in arbitrary unit.

NHOMPHAE ERZ 2 RICA BRI LTTRPEVE  »rThsERBRLNS.

S EAMBSFEL TR Y, EHA0E (100) [011], Fig. 513 kLo a3 572 No. 1 &
BIEALIZ{011}011YCH 5 & & b5 . EHPLICHY R3EEZOR A OWERRETICDWT {222} A% 3l
TOMEOEMITKA XL FBBKETELALRL ELOERTHS. COBARKY LR TEFF (100)
U7R %, B RL OB 5T 2> B R R A H945°  [011] TH 5 C LR TE 5. BILRCIX {01130
B2 2 DOREAIZE R 4 v FIBBBICEESMCHT HEEEROMLE» DL TP TNTWSM, ThEeElh

— 17 —




1174 % @

# 52 &4 (1966) .$8%

+ (100) o1
= (07D (01))
Fig. 5. {222} pole ﬁgure of sqecimen F2 taken from
the center portion of 11°9mm thick strip.
Intensity values in arbitrary unit.

= (110) (001)
o (112) [111]

Fig. 6. {200} pole figure of specimen F6 taken from
the surface portion of 119 mm thick strip.
Intensity values in arbitrary unit.

R [O111EIDE D D20 & BT X & 0 {200} A4
MaERT 5L, BIFAp{011}011TH S T & b igiE
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W ORFLRIC OV T D {200} M AR ZH 2. HREH
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& L REES B 0 o (110) [0011 %M 51 (C.D.)
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Specimen number

Fig. 7. P-values of 4 planes in center portion of
- specimens.

- DEDbDITK 10° T 7o HRAEHHL I IR S Em SR

Shb. LT No. b 2% FEBBORE © HE
EH D {2005 A5 X% Fig.6 wid. O TEEIHAL
LTINS HFELTVWE X5 Th 5.

Fig. 7 WIREFREIRICOWTRE © 5% {110},
{200}, {211} Fxor {222} ORSIEELEELTRED
KD CEELIERTHS.

Ihir /1 o Thi
IPhi /721_011_1:;
Inxi: 0Bt (hk} T oEFRE (S2EHE)
IPrir: RFRIERL o (b} i O B84 E
(ZZCREIREZRAV 2. )
n: JIELZEEOR, < 2T {110}, {200},
{211}, {222} 47H

Puoik No. 3 2 & o FiB@HIRA LIZU®H 5. Pag
1X No. 1 2% FiBBBAFICHML, No.4x & K
BEBD TR T 5. Pank Paid#kicNo. 4 2 &
v RBEERSSEMLIECD 5. 2hbOHOZELITE
FEDETICHES 220507 (100) [011] pFEiE, * X O'No. 4
A& KRBT D5 ORIGR{0113011) DA T s
550D EBbh5.

Photo. 1 PIERIOIEFARRE ORERE (X 100) THh 5.
No. 4 2 & v FEEE» SRIEL2Mr < m2TE D,
HEAZy FBETEHRIHIREBR 2o T Wb EBbh
%.
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Mlcrostructures of specimens.

%100 (5/7)

Photo l

1. % =

BRI DA R & o FIIC R W T OB OIRREE .,
“Table 3 TR T{HICT D72 D EHEIND. LS
DTHL EHFHBTS Fi~F4 3 r fAORBCHRES
HiztEx2oNn5. Fl~F4 OREHLIRIC 2 WTHE]
EEINTHEE D, rRTEESNHD, FiRicse
W ORI (100) (0117233567, {110}<110) 235
FRETH D T EH3bdD7z. TD 2 HEED S5 LETE,
BEEEESBROEFAMEELFLIDOTHE. Tk
##z, HEFEESHEBOTICD, FREAESHHMD
FIZLHBEEITLACRE IR WER TS S.

Kura & Lopata®x 4340 §f# 1550°F (843°C) T
B0minA — 25 F+ 4 MEL, 1 /92T 729, OFETIEE
LICHBEANETRV, b7 ¥4 FOWRR
REWEL 7. HOE, EEEZRD r HOREBTORS
HERE LTV o0 FREZIEEL, ThbBmELD
FERCIOT= VT o9 A MERLEBESRTEIN

HMERRZ KD TERBR LR L 2. BlESINnaER
R r FAORRET (LI} RHFE LB AT RN
5HDLP TV &2, HDH1E 4340 SHOBELE
KRBT OEFHAI (1IN TH Db D EHEEIL T
5.

FEEOPEETR OERIIMO RS B L OEREH

TRODDELWIESTEH Y, BoNHERD LiLo
BDLEREOTVS. Eiz, HIRTOMMEE D Photo. 11T
ATEORXRVF oA FTREL, 7 =954 bOFR
%ﬂf%é L7ed3o T, B5 N7 A X 5B EE

RBTORGMBMEZRT 5D

(1) Ay ZREEESZHAEN TCOESHEBMIEAL.
HDTHDOIh

(2) ZEEROaMOBERES ICEERIED X 51
PR Reo) fabi

(3) a HDREE EOBREFbhi)r
REDRZEDE D XFTEL I EBUETHS. 4H
DEBIIEFEOWTNOAIE L CIHBELE 2 TWvwin
WDT, TR

(a) ZRBIREZE2EMNTORAMBL, WOh
EBOGHEEESHEBE TER T IO TH Ok,

(b) ZERED XD a O DI B 5 WIdKEIL,
2T YA PERBICHED U TR X o T b
nirz.

(c) ZEBETHD aMORAEL X 2E5MBOLE
LT 5.

D 3 ODFEEFZTT Kura 5 LELOKBII 2T,
EEREERIMTSD DF 2 HIC XD TR X NE L 2T
RCHBDHZEWLT B,

() VTS &8 OB EAEAR D 8 AL o — ki
HMTH D, FERYTEZXHTHHS5. (b)ix 748
Za FHOEPBIR SN BRI, B DWW SNk
BET RN E LTCATREEOREVLDTH D EE XD
N5, FBHEEPOE 2T (c) HEBILFE TR
WwWreBbhsg.

Cu BOBEON FEBER XG40 EESHME L L
TRIZEINTVWBRE R L FRx (110) [112] 3 X o
() [1T1TH 5.

WEIRZE (D) OFEfR & L € Kurpjumow-Sacasi®
OBGREHE 2 CTH 5. Fig. 8 1 X LFCOBURT 7 4B F 0>

D a T rEREN B EEZRR LIS OTHS. &

DORD X 5 AT

(111) 7//(110) greeevrmeemsemmnmnrmenieniiniiaceann (1)
WCin o741y Kurpjumow & Saces OBRA iz
ERZIIES
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. [lOi]_r//[lIl]d.....,....‘.}._.’...A:.bi.,._........:7'.,.... (2)
DHTHS. (1), (2) OBRICE 2 a HOKERE -
VRS T FHO {111} &<110Y D I2{HDFE A o B LT
FCHER TR OHECTFHEEIN S afHD {200} 64
Xz LEED 2 o0 BRI >V CEE L 7z D2 Fig. 9,
Fig. 10 -Ch 5. Figi 913, 7iEs (1103112 TH ot
AT LLDT, atfo b3 2BckpT 5T L

Yu

N
~

BTED. —DWRESFOE R L OEINERECH 5
BX-D)Tho, thHImE800E & B E O mRIT
GHFLTVHE(X-2)ThH 5. Fig.10 13 7 fgps {112}
11y THOPECHTHDDT, chieo>nTdha
FOBAE 2EHCABITE S . | DS EEE RS
T D ESVENTEE & FEIE 5 IR~ EEET B £25°~65° D
LTABRGHLTWHE(Y-DTH v, thHIESSE
FETE A A~ EAEE LR 5 20
~40° DE Gy I L OERE B2 5
FEFETE PN T20°~60°, JEZEM R

N
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\00 .
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SRR T N

\
\

X
~

,\,
)
—

(H, 7 (110)x

- Fig. 8. Kurdjumow-Sacks reléfionship in y—>a transformation.

R.D.

Fig. 9. Caluculated {200} pole figure fg{ a—iron,
assuming that (110)[112] and (110)[112]
orientations are present in y-state and that
in y—a transformation all slip systems have
equal probabilities of following the K-S
relationship. :

X«

FH~ 10°~35° DIRIFICHAR L
TVWBE(Y-2)Th 5.

Fig. 9, 10 & Fig.1, 2, 3 %~
s &, MRS, (X-D
B, (Y-DEfcteimny X g

=Y, DEEOEHZ RLT V523,
(X-DF, (Y-2)FFicxhis T 5HR
BOEBIIF LTV T E25h.

S B LERoT, L 7 T
(110) [112] 3 X Ot (112) [111 1884
MBPFE LI LT 5761, 25
RBIEH 5@ B ATt LT
LWHEBR TR C 59, (X-1)EE

Fig.10. Caluculated {200} pole figure for a-iron,.
assuming that (112)[111] and (112)[111]
orientations are present in y-state and that
in 7—a transformation all slip systems have -
equal probabilities of following the K-S:
relationship .



1B R SR 60 D B FEREAR D £ 4 4R

1177

Table 4. Relative shear stress ¢/¢ for each slip system
Condition of stress; —¢ in rolling direction
o in rolling plane normal

Orien tae Slip >systems )
tion Ship Sk €
Symbol plane direcl’zion
S N e
a 3
a3 (111) [011] 2/3V°6
bl (111) [011]
T
T 111 [101]

aioyirzr | 2y ai [110] 2/31/%
c? (111) [101] 2/v6 _
c3 (111) 011 | 4/3v 6
a1 (111) [170] | —2/3v6
d2 (117) [101] 4/3v 6
ds (117) [011] 2/v'6
al (117) [170] 0
a2 (117) [0T1] 0
a3 (117) [701] 0o
bl (111) [110] 4/3v6
b AR | B | s

; 7 11 1 —

L (UDIT 11 | [101] | —1/31/6
c?2 (111) [011] 1/v6
c3 (1171) [110] 4/31/6
dl (I11) [101] 4/31/ 6
d2 (I11) [017} 4/3176
d3 (I11) [110] 0

Y-DERIZHRIET 5 D DICKEREL D02 T W
FEMED B D T EBFBH SN TR bR,

ETEZALND LT, ERICEISTERT LIV
YEB D ROEETH 5. 2, WEbhbhasiko
T % 7 HOKREXELLEHRRETRE VLT 5 L
PRI RIERE H 5\ VIEHMTH 2T HIERZ VR
CBLTCVS3DLEL S TRVHDEIRO-WE R
DEBEILNEPLTHS.

Table 4 VIFIERED S JJIRAE & LC DiLaMOREID 33
TS R O EAE L SO MR TV 72 [JERE A
I o DFERISHIAEIE, WEIT ¢ OEHES H0ME) <k
el #E x, BRI OWTE YV EETOEISH «
Lo DHERFHELIHERTCHS. Z0EID t/0 OF
HREVIZ DRIE{II0IAI2> TR, ¢, ds, {112)<111)
T b1, €, di, de THBZ L%, ¥72 /0
DS EFEDIZ D FRDWICK E WD DI {110}<112) Tk cs,
dp, {112)IIYTIE by, 2 THD. LEBOT, Zh
LD D REBVEEIZ DV R THLAREM S A E VW EE 2D
ns. o
M, 2) OBFEBRIZILT, ThED-FROHRE
BEh TR LS E T OV T {200} A X% Fig. 11,
121774, @i/ o kDb D, Ot/ o BF

PWICRKEVD DI DOWTHRDIMEE TH 5. Fig. 1113
{HOXND 35 b D ThH 555, @ENOWESDHHiE
FEODOEELEFLE EDLDTIV—FHLTRL T
5. EI-OFOHS DA HLEE B OEEE L RBIHRE &
HAFEELTVB E vz 5. Fig. 12 33 (112)<111Y ioxf
THLOTHDLN, EEDLO/IEIFIED—FT X <
T L L, BIFRICGEVWESZEATED, 2he
Fig. 11 O@HOMA & 2 EhR &by boix Fig. 1,
2, SIWELLTVwBEERXD. ‘

ERO XS, bbb oB A r FHOIREET
{1103¢112) & 793 {110}<1125+ {112} LISHEAE L,
HEID VI TN B DO HROES= ) RICBL TV BT
REtE DR EWVRICOWT(L), (2) DMFEBERIC X 22508
PR DO EEZXD T L X DTHPT S L3 RET
5. ELREFMITOVTIE r MO {110}A12>D /6
PRDIREVRIZOWVCEHE SN {200} @AM & xb
BT X —Fa R Lie. BIERIC 2 TiE, {110}<112)
D /o BLBFREKECHESBELET BE X HIC
E0Th, Fie {12 @ /0 BREXVEH LA
U7l T oE2FCEL>THBNBTARETH 5 X5 1B
bivd. ERERCX S &, WIBECL S EBIHAST

o3 ¥ is- the

largest

o'} % is the -second largest

Fig.11. Caluculated {200} pole fiqure for a-iron,
- assuming that (110)[112] and. (110)[112]
‘.orientat'_ic_)nsare present. in y-state and that
in y—>a transformation slip systems with
large z/¢ have high prodabilities ‘of follo~

-1+ wing the K-S relationship.- L
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°i ¥ is the largest

°i.% is the second largest
Fig. 12. Caluculated {200} pole figure for a iron,
assuming that (112) [111] and (112) [111]
orientations are present in y-state and that
in y—a transformation slip systems with
large /0 have high probabilities of follo-
wing the K-S relationship.

Wi {5 L ERRBD L. T, F—~RATF
4 RO EEE KRR © {11231 A R DMK <
B LA LW HAPE—FHTS. LirL, &
BEw 5 & {11012 Dz D A3 ¢, ds DAV TSR
DR BEVS L ERFE XL, WTIhORBRICD
BH e DT _

FEOEEX, SEB(a), (b), (c)DfE=E
&, ILEEEOKRTERICO VWD (1), (2) O
1%, FIEREOR R OWVWTORER LN DS JTk
BBtk \WT /0 BMAXVERBMEBIZVRTHLEVS
7 ED R 2> Th iz, ZhbOED—>—
DI DONTIES R LN B LERS S, DX
2 HC X OTERRERESLERNS ELHPTED C
& VIR

PPRHBEE O E 5 X OB EHER» b R T k2
v REET OB TRREETEE Sh b 0 LBbh
%. F6, F7 iz owWTsEFhoid (100) [011] TH D7
2%, LEOBEGERD»> D, HEBROMEITHIHEIT
THTOELMS a HTOEFLIFMC DO L LTHE
NI EEZILNS.

EHOESHBII L EEROTVDH T ERRADH

iz, TR T METEZESNSHECE (a+ 7)HETE
ESNGHACIHBELTCV2HEETHD. LKA
DEEMBITROAHAITH o2 b DOME LR &0 P
HH7 b 5(110)[0011% C.D. EORFE DTy 10° 6
Frcb DEEFM & HREICE(LT 5 DPBRD LTS
235 ZHUIHRE FLLERT O BISAL OB IE SRS S
ZLTH D, FLHTO 7S L (a+ 7)E~DBDE
DO EEELTVE XS5 B 5.

5. &

1) BAEEER hRE T, EER & 2 FIZASHIT
Tl ) g EREAIBERE > TR, £
V33542 (100) [011]3 X OREIHAL (0113011 TH 5 -

2) BIHAL{011}01) 13tk bR 2 v REREDI2D 225
o XD LcBAams . BMEMER» AT, Thix

|

TR B(r + ) MNDB O EDL ) LG LTV EH XS

CEbhs.

3) riEToOfAEMR2, (110112 THhBHEL, T
DFREDEI= D FROHFT, t/0 BEKRITHE Sz D FRIE
X7 ¢ Kurpjumow-Saces #F-EIRIC X D CLRET S
EF 25 E, afBTOHAIE(100) [0111iC Ehd T
BRIy, ERESRIZ L <HATES. ‘

4) BIAAL{0113{011YiIc DV Tk, EHHL(100)[011]
OEAIFE XL ERBREZIPT E VS, 4) LRAMKK
EZT, WDX 5 2DO0DFZFRTEHLIS>THD.

123 r HHOL AR {1103112)TH D L L, ZD
FREDIZVFROHT /o MB2HFEHITKE VD RINE
¥ ¢ Kurbpjumow-Sacus #&FBE{RIC ;;ofg‘ﬁgﬂ—z)
LWnWHE T, o 1 O y OB (1123111
ThHEL, COFEDEIROET /o BREVE
D ZANBIEN T Kurpjumow-Saces 4 FBURIC X o T
LTS LEZBEZXFHTHS. by
IDOTWBHI EDREZIDNS.

5) BEAFEERE M X 2 2 KA TRBAISAL
THBHH, kA& B S (110)[0011% C. D . i
DR DK 10° @I 7 FRLsERLMIT B . T
VIR E R OERS AR S (r + @) FBRB 0V b 5 DTkt
BLTEZS XS CEbNS.

AR EATR S Cdic ), MAERER L i\ et &
F IR R A SN Y IR OB O h & K2
L EH L BFET. 7, FEBRRCER VR
W SRR ERFTE R EANER, BUETH O X CHE
BELET. -
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Texture of Hot-Rolled Band of Silicon Iron. |

Synopsis:

Takashi MATSUOKA

It was reported that the texture of the hot-rolled band ot mild steel closely resembled the cold-
rolling texture. On the other hand, a strong {112}<110) component was reported to be found in the
hot-rolling texture of silicon iron recently. This investigation concerns with explanations of the gaps
between above both results. The silicon iron bands 2°5mm thick were prepared by rolling to redu—
ctions of 40 and 60 pct at 700,° 800°,900°, and 1000°C. X-ray examinations were made at (a) the
surface and (b) the middle part of thickness to determine the textures. (110) pole figures were con-

structed by Schulz’s reflection method.

(a) Surface: The texture was a broad (110)[001].

(b) Middle part of thickness: The texture was a cold-rolling type when rolling temperature was
low, while a sharp {112}<110> component was obtained when rolling temperature was high. The
transition point between these two types of texture was 900°C. As the results, the difference of the
texture was proved to depend on the variations of rolling conditions. :

Two kinds of the hot-rolled band of titanium-bearing silicon iron which had both type of textures
were cold-rolled and finished to grain-oriented electrical sheets. And (110) [001] secondary recrystalli-
zation texture was given in the strips irrespective of the textures of hot-rolled bands. This shows that

. the development of the (110) [001] secondary recrystallization texture is independent of hot-rolling
texture as far as the sheets are rolled under the above rolling condition.
~ (Received 11 Apr. 1966)
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