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Influence of Hot Rolling Temperature and Reduction on Mechanical
Properties of Ti-bearing Extra Low Carbon Hot-rolled Steel Sheets

Takaaki NAKAMURA and Kazuyoshi ESAKA

Synopsis : The effects of hot rolling temperature and rolling reduction on the mechanical properties of Ti-bearing extra low carbon steel sheets have

been studied. Conclusions obtained are as follows:

1. The elongation of as-rolled steel sheet through conventional reduction decreased when the finishing rolling temperature was under

840°C. But the elongation, tensile strength and yield strength of the steel sheet after annealing had little change in the range of 650~850°C.

2. The difference of tensile strength between as-rolled and annealed steel sheet was thought to be due to the substantial strain energy

which was stored by hot rolling. The substantial strain energy of the steel sheet rolled at 650°C through conventional reduction corresponds

to about 37% cold reduction.

3. The 7-value of the annealed steel sheet rolled at 650°C was 0.8. But it increased to 1.14 by surface shaving. This value is approximate-

ly equal to that of about 37% cold reduction steel sheet. In these circumstances, the cause of the low 7-value of steel sheet rolled in the ferrite

region is the influence of surface shear strain.

4. - In the case of heating at 1250°C, average 7-value of Ti-bearing exrta low carbon steel sheet is approximately 1.0, when the high-reduc-

tion rolling is achieved in the final three stands with a reduction more than 50% near the Ar, temperature at each rolling pass.

Key words: Ti-bearing extra low carbon steel; 7-value; elongation; hot rolling temperature; high reduction; stored strain energy.
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Table 1. Chemical composition of specimen.
(nass%)
No C Si Mn P S Al TIi N
A | 00024 0.023 0.24 0.012 0008 0.05! 0.044 0. 0023

Ti IR R E BT SR O M RIS BT | T RFORE

Table 2. Sheet steel temperature of each process.

)
Coiling

Soaking Finishing rolling start Final rolling

1008~1017 815~919 650~844 510~740

Finishing temp. : 652 C
Coiling temp. : 560 C

Finishing temp. : 747 C
Coiling temp. : 665 C

Finishing temp. : 834 C
Coiling temp. : 725 C

As rolled

Annealed
for 60 min
at 750 C

200 ¢m

Fig. 1. Microstructure of the sheet steelA as-rolled and annealed for 60 min at 750°C.
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Table 3. Mechanical properties of steel sheets. (Final

rolled at 900°C after 1200°C soaking) 70
TS (MPa)  YP(WPa)  Total E1(¥) i Tensile direction
313 217 50. 1 65 - L@ ) bids ) € rais
60 | /——@""‘\\E y pu .
SIIRER & R, BERER & 134 — 2 7 F 4 PRI O H 25 %55 ﬁﬁ/ﬂh\w%if//
Vo TAUG, (IR T & 2 SERF O F5 AR EHLIONT - N
RBLNZDIZT L) v 2 ZA28HELTWBE 2 &, HiRD mw . |/
KA (ERITTH) X0 —27F 1 b | v
SREIERM (REEHIFE8T) O AAVNE BT L Oli D 5L \/
HICEB e D LRI NS, i \j
%7: . Fig. 3IABIEH 750°C T 60 min Bl HESLALER % 47 - 1 =

600 650 700 750 800 850 900

FAPROEIE FEOS T 5. BRI S, BRE X Finishing temperature (C)

O E S ISRASIEIERE DM BT L AR Sk, fif

Fig. 4. Influence of finishing temperature on 3-tensile di-

CEE<, 8% FTLEA LTS, ZOfIE, Table 3 TR rection elongation of the steel sheet anncaled for
L, + =279 4 MRIEEM D 50, 60 min at 750°C.
HUDEFTHAREL KIS 72010, BEMLEE % 17 - 724 L2
BHZ DWW TIERESF NI L 0° (L /5, 45° (D 1), 90° I
(CHME) D3FAD5[5RAER & T RO 2R, 20 o 0.8 | 5 o
R A Figd DR, R ARREE 5 750°C LT ORI S 0o I LR
EHMZIFFEIT/INE 0, LA L 800°C LU L TIZE 41258 W 0.4
FHIZLD, DAHEOMUIZ6s%IEL £ TERT 22, K 0.2] spmrme L
[0 Z L 40% 8 £ TAMIZ BT e Rohs, L g 0 & S
HENZDOTE,  HREIZ K 3B/ E 0, ?-o.z o

7. Fig SBEMOFEL Z ORGP ONT, Bl S04 N
HLER 5 0 D it 30 O A1 RIE W EAEGE O B LN — Y
BERT, Gk, Mk XU AHIZLLTOR TR 72, 081 -~ -8 2

R L Y SO (1) Yoo w0 e e an w0 ww

Finishing temperature (°C)
ArfE S (L =2 )2 (2) )
Fig. 5. Influence of finishing temperature on F-value and
HElE, BIERER & JAAE. LA, DA, CHID 3 A é\sr(-)xozélue of the steel sheet annealed for 60 min at
40

L



= 10 T :
= | Hidsection {100} o
- ; (o}
7
g 5 4———-1;75"9"‘1‘1
~— ‘25_’/( h\
=)
S 0
| Widsection {111} | Annealed at 750 As rolled
“ ; —O0— --9--
S 51 5
2 ’\\
o~
g 10
s
R I
i) ‘
L5 R
: ;8\5
= I i [ 0%
< 0
600 650 700 750 800 850 900

Finishing temperature (°C)

Fig. 6. Influence of finishing temperature on rolling and
annealing relative intensities of {100} and {111}.

DEBERERF AV 15% DB9E % 1T > THIRBOE 1
DOELERE L THEA L,

ZOMBOFEIZ08~06FETH D, KO MEEIK,
BRHEEEEOREI/NZI VA, 750°CE2 B A 5L
0.1~02FE K< &5, ArfEIERAELERE 750°CLL T T
0~02FETH D, BFMIZ/NET VD, 750°CH L 5 &
RAEIERE AEL B 5IEE ArfENET§ 5.

2.3 EE

AREEBRIZEOT, TIRIMBIERERO 7 « 7 4 M sEE
FEZEAS O AHBEIZ R ZESIR & 0 (K, FEISSE AR & AHBE
BHEBZENHENTOEDT, WEFLITFIZDOWT, Bl
il & BESt i D FM O XAREHE AT, TOR/RIT,
Fig. 6 B R§ & 912, mAREERE MK < & 512 £ {100}
HEIIKT L, M EAREREELS & o7, FIZ,
BARREIRIE A 750°C LT OB AT, {1110 it
ATk D LA LU, {1000 EEEIIZHE K L2, €5 T,
QI EOEME, BREEREOIKTIZX > TEEMNL
AT X4, X 5 I0HIT K > TS S E AL
WE Lz EeELI6hS, 2DOTZ kL, 7274 M
D HHE TR RS ELER S AME T & 3R 0 I RAF 2 51
BELENTVWBIEARLTWS,

L7 x4 MRCERERROBA I, iR CHiT
EhB7:0, OFTAOBKIIES T, WEEOHEME L
ZOTAEZ AT -NEMEIh, BROUECEAULED
WERME, mETs, /2, Zhoid 774 MESK
DHRDENZI K >TEED D, TiRMAGRIK K % it
BEAEZTEHEL, ZOREE EOME %R 7-H % Fig.
TSR, WMEREGIEIZ K 558% ERE (LLF ATS (O)
ET5) LIRIEITEEBRIZHD, ZTOMEXHL, HEE
1% & 72 D42 MPaDEI A THREN LA T 5, ZO5EE
fLEOFTALAILY - ICEEMRAOND ETHE, 727
4 MEEEMOBEEL SO FTAI FUE —ZifiE T

41

TR AR IR FEEFIR O E 2 RIT T EVEIRE | IE FRFORE

....................................

....................................

TS (MPa)

0 20 40 60 80 100

Cold reduction (%)

Fig. 7. Relationship between TS and cold reduction of Ti-

bearing extra low carbon steel sheet.

350 :
- ; , ‘
w AYSUH) ATS®
NEL o ..
E L
950 N
s |
v 200
P \
< 150 O D
=0 R
= o,
o 100 :
“e.. ©
=~ .x‘.“.
< 50 - BN - Yo
L
0 Ld
600 850 700 750 800 850 900

Finishing temperature (°C)

Fig. 8. Relationship between ATS (H), AYS (H) and finish-
ing temperature.

50
F—ZAFTFA b5 T 2T A4 bAEREL oMk BT
M BIGAITIE, GIEDGE L Bk ) BULRE, &5 W I3E

HERZIZIDERHESIC K-> TOTABERE NS, LirL,

OTAD—ARE T2 Z L2 &> TMLEL A, £
DORBOTLAORFTHmES LRI ThiE, BUtE %
DOEMOEE L ZOMEA & 512750°C TEULE L 7§
MoigE LDz (LTATS (H) &3 5%) AFEVCTAL L
LE-IZHY T EEL6N5, RERMT, HEEmEE
KERIZE D ZLL DOFTATINLF =D EI N TS
2%, Fig. 1O KIS LHEABE I T 5720, 20
FHETOFMOFEBOTAI ZLFE — %KD, HYGHEE
EHEE U7z, ATS (H) &L Bl & OBEfR 4 Fig. 2 & Fig. 3
ENSR®D B L Fig. 824865, ATS (H) SERAEITELE
WRE DK TIZE - TEEWICENT %, Fig 725G 6Hh
% ATS (C) MR L OB N 5, Fig. 820 63KD 6N D
ATS (H) BATS (CUZFELWED L LT, 7274 M&IE
HEM DS AR LT 5 L Fig. 9D L SI2h D, Bk
FEHERE 650°C T 37%, 750°C T 18%, 800°C T 7% (ZAHY 7

825 I




$% & 98 Tetsu-to-Hagané Vol. 86 (2000) No. 12

250

200
~
3]
A, 650°C]
= 150
ph—
~
S
w100
& [750C]
<

50 [300C]

0

0 10 20 30 40

Cold reduction(%)

AT S () : The difference of TS between as-rolled

and annealed at finishing temperature.

Fig. 9. Relationship between ATS (H) and cold reduction.

2.2

| |Finishing temp. ;907°C »
| | Annealed at 750°C

18
/

A

2

1.6

value

1.4

-

L2

1

0.8

0.8 i
0 20 40 60 80

Cold reduction (%)

100

Fig. 10. Influence of cold reduction on 7-value of the steel
sheet.

5T L2k 5, ZOEIL, ORI A 77 8T A
MOFBERTH D, BAYELERIE 23T 2B T A%
EREEOO T AL R F — & L UMl TH D |
MR & T 2 R IEESRIR D R & B &k DK,
WHEREAMT O E | B X ) FRSS L CE A
K BHHEVERMSON TS, Figlold, A—ZXFF 4 b
BT EFIEREA ST U2 THRMB KK B & & A ER
T L 721, 750°C THESL L . sS4 I X v 72350
DOHIROAEZFRNAERTH S, Zhizkd &, FMEldH
EZ20% T 1.0,40% CT12BETH 5., ZOfEIdFig. 51T
L ARKEERIZEHIT 2R EOMEE LT E A S
Ly,

WA S, TIRMEISRK M A 7 = 7 4 bk TR
FEEST 2L 1S EDOFMEA FOBEHRRAH T E
DY ZOffIE, Figlolzkb e, 60%REDHEEL 5

42

Table 4. Change of r-value by suface shaving.

I. I r. | r-value
©°) @5°) (90°)
Before shaving| 0.57 0.78 .02 {079
After shaving | 0.98 1.03 1.52 | 1. 14

Table 5. Chemical composition of specimen.
(mass%)
No C S1i Mn P S Al Ti N
B 10.0032 0.018 0.22 0.013 0.006 0.053 0.058 0.0019
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Table 6. Schedule of laboratory rolling. (test 1)

Final 3-pass | Pass schedule of rolling
reduction (thickness :mm)
® 1 2 3 4 5 [
(a) 10-55-55 (40.0 18.010.8 65 58 2.6 1.2
(bh) 36-36-55 [40.018.010.8 65 42 27 1.2
(c) 55-36-36 (40.018.010.8 6.5 29 19 1.2
(@ 55-55-10 [40.018.010.8 65 29 1.3 12
(e) 55-55~55 |40.0 36.0 21.6 13.0 58 26 1.2
Rolling speed {60 60 105 170 90 170 170
(m/min)

Table 7. Schedule of laboratory rolling. (test 2)

Final 3-pass | Pass schedule of rolling

reduction (thickness:mm)
®*) 1 2 3 4 5 6 7
(f) 55-55-55 ¢ (36.021.6 13.0 58 26 12
@ 50-50-50 + 210162 9.7 48 24 12
(h) 40-40-40 |(34.2)15.4 9.2 5.5 3.3 20 12
(i) 30-30-30 216 9.7 5.8 35 24 17 1.2
Rolling speed |60 60 105 170 90 170 170
(n/min)

+ :Reduction free of all.
( ) :Reduction free of 30mm thickness sample.
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