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Abstract

The development of new generation steel materials is a hot topic in the world. With a
number of unique mechanical properties such as low yielding point, high preliminary work
hardening rate, good ductility, dual phase steel has been lérgely used in the automobile
industries as a new kind of drawing steel. The application of dual phase steel sheet as
structure parts in automobiles (especially in cars) can reduce the weight by about 20%. It’s of
actual significance to study and develop hot-rolied dual phase steel of low cost for the
worldwide aims of resources saving, reduction of energy consumption and sustainable

development.

Characterized by microstructure consist of a dispersion of a hard martensite phase in a
matrix of ferrite. The second phase martensite is at a level of about 20%.The steel exhibits
continuous vielding behavior, a low yield strength, a high rate of work hardening, high levels
of uniform and total elongation. Dual phase steel has reccived considerable attention from the
automotive industry. In order to develop the component and technology of hot —rolled
dual-phase steel of low cost , the paper has done some research on the rule of high
temperature deformation and CCT(continucus cooling transformation ) curve through hot
simulation experiments in laboratory, and through three times hot rolling cxperiments ,we
have measored the mechanical property of rolled product and observed the metallurgical
structure to analyze the influence of technological parameter to structure property in order to
determine the best technological parameter .The contents of the present work include the
following main parts:

(1} The effects of deformation temperature, strain and strain rate on microstructure and
properties of tested steel were achieved by single pass compression tests by a Gleeble-1500
thermal-mechanical simulator.

(Zj Through thermal expansion method and micrographs observation to obtain the
continuous cooling transformation curves under undeformed conditions, we analyzed the
effects of cooling velocity on microstructure and properties of tested steel.

(3) Using TEM observation, the microstructure of tested steel after rolling such as the
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shape of martensite and dislocation and precipitation in ferrites were studied.

(4) Utilizing hot simulation experiments and hot rolling experiments, the influence of
finish rolling temperature, cooling velocity and coiling temperature on microstructure and
mechanical property has been studied. Then the rational rolling schedule and appropriate

cooling system were obtained on the base of experiments in this article.

Key words: hot-rolled dual-phase steel; TMCP; microstructure; mechanical property;

continuous cooling transformation; technology parameters; low carbon steel
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Fig. 2.1 The schematic illustration of single-pass compression experiments

-19-



Kb K FAM 4T 2 ERREGRERITHAHA

2.3 KWHERS R

 ARRSSRABING ) — EORAEELS, T LUERRR A MR R A =
" .

AT AN R TERIREATASTY, ek AR R A% N T BRIk AL A
SRR, PN TR £ 2B o AR SR AR AT DM EAS T AR ORI IR . ZE TR, 2
T ETRRE TR AR | AT, SUEBE (o) BTN
W, PEAEINTEME, FEAM TR ISR, SRR RE LS. AN, T
L TAER T O F AT, AR 7Ed it R A I B R B T S0Ea, (A
BN, SRR, BRI TREARNET, FUREEEE.
BresHFIE R BRI — R, STRENFUILS, eSS HBEET. RAME
RrESRaRemn, Rrasmsok i b, i TEAEIRE, E7EX—MEm Tk
FEFIE R T RS S R YL R . RBERT ) — B4 4k b RBAER RIRIA, N
FHETHATRIFG K., T B RAE e RIS 00 LREAL,  BEE SRR,
r A AR AL, PR Rt AR SR,

BB X NERAETER, R —ENEHAEA TS, METILRK
A, SHEECAK. STREER AEGEERIOIIE, TS LG, K5
BET—E, BRHEBLEANER. EX—WE, SEREFME, RPN
— R4 5 _E 3L R ) (B 4 T B L T A K 4R 8, [N — S R AT
H. X—WB DEOESERME, SRS RSk, RREOERRA T,

BB FRBATTERREWE, NAHSRORA, H— 2R .
£V AT R, LA T RELERE, MRS, MR
BAGHEAT, BT — e, TERRININ — LR b, SBERRHH &
RFRERGANSRE, —2hTRBAE UHaSRELY R P W I5E
K. BEEATGEIHAT, f2M RS EAHT RN RS SRR B, SR SERREL G
OSBRI SRR RS, I B, S — AT AR,
BN — BN R R RN, AT . B — AN
BT, o m TR S oS mARNe. tha @R A . BT
— AT BN A A A TR, MTTRAENL D — Bl b — AR,

20



FAb KL BT 2 ZEMEHEERATH R

slress

stress
=

MO N DO
T rTTrTr T

]
&
[=]
o
o
-
3
=
(]
o
i
2
m
o
[+:]
g

ture strain

22 MAEEERN 0. 1" MAREELEXE & 23 MAERER 1,057 AR REEBEKE

LRIV — VAR 2R Ly o) s el 2 £33
Fig.2.2 The stress-strain curves of the Samples Fig.2.3 The stress-strain curves of the samples

deformed at 1150°C(a),1100°C(b),1050(c),1000°C  deformed at 1150C(a),1100°C(b),1050(c),1000°C
[
(d),950°C(e),900C (D) , 850T(g) » 800°C(h) (d),950°C(e),900°C(D) , 850°C(g) , 800°C(h)

and750°C (i)with strain rate of 0.1s™! and750°C (with strain rate of 1.0s™
30
h
% g
f
2 ¢
d
w [ c
% 15 -
£ b
L]
1} a
5 .
. 1
a 1 1 ]

B L
0.o 0.1 02 0.3 04 05 06 o7 08

ture strain
Il 2.4 RIZEHAR 5. 05 B AN R BE M YRR ()
| B R
Fig. 2.4 The stress-strain curves of the samples deformed at
1150°C (a),1100°C(b),1050°C(c),1000°C (d),950°C (€),900°C (D) ,850°C()

and$00°C(hywith strain rate of 5.05”

-21-



FAb KA A R4S 2 B &R E AT A MR

B2.2~E2.4 HFHEEIFHIA0.1s", 105" 5.0 bR RRLE A5 F K R F7- v AF
ek, ENMAEZEN0.1 5B, A1150°CE1000°C HIRE A — S48 i 2839 A shS &5 L E,
T 1000°C B B 285 008 ok JE R 0 T B AN ab, g dhae i 7 IEfE i e T BEERIE Bl
B THEFENISOCLUTRT 00T/ AR EER, R EMEME=EE K,
BBIEY R R R, AAEEE, A SRR MM, (HIE00CH
M A DRESEEL, RERRNER RSN R, 75 A E Wi
WA WA E ST RE, MR E bAR T R R k. SRE AT
BALE R PHEIESR. 10800 CLAT HIME /- 48tk 4 BAIAEE AN, HiHkH
B REAREBE, NERPUICE, FBEZRBRENGRE, NIA-FA R
HIARKFLES . oMV AEE 4 1.0s7 B, 1150°CH1100°C 1 B2 A EAFE &R, 1000C
DUF R B hzhB R ER. ALIEY, MENTESENEM, R4ESSHELEMNEE
Fe, RESDTEEHEETHT K.

LG 254 o ;, de
A
>
% :i"—'—'ﬁ::.' b /‘,.A""“ -*h
et anun® -
. #Eo.:;. — k.2 et -l
x| .‘;, -
| S
15+ 2
0 »
w 15} 0
g 21 4
w ]
0 A
1k o
,ﬂ,
1s
Ca
5 5 3
777777 0 j L L L
[e]s] o1} 02 03 04 05 a5 a7 048 00 .01 02 03 Q4 05 08 Q7 08
e san ture strain

BE25 1 800‘C LN R AR TE R AT RIB I [l 2.6 2 850°C AR AR S HEAT B VR

48 i R Ay — Ry AR ek YR IR Fy — PR AR i
Fig. 2.5 The stress-strain curves of the samples Fig,2.6 The stress-strain curves of the samples
deformed at 800°C with strain rate of 0.1 s (a), deformed at 850°C with strain rate of 0.1 5™
1.0 57 (b) and 5.0 s(c) (@),1.0 5™ (b) and 5.0 s'(c)

22



Adb kK FE L F T 2 EE4AEHBEHAT AR

25 T T [
| ¢ |
o ol
20 e A
e »

oy E w 12|
[} Y g
2 10 ¢ £
w Ni 1
[ 8
st af &
=
[ 2l ?J
ob - |
o- f
T T T T T T T T T T 1 T T T T ¥ T T T
£1 00 0t 02 D3 04 05 08 07 a8 60 Di D2 03 04 05 06 O7 08
ture strain fure sirain

27 £ 90 CUFFARER R TEIKE 2.8 7 050°CUAF FNAHEHAT M KE

HRUT ) — AR ik 4B 1M R 1 — R AE [fhed
Fig.2.7 The stress-strain curves of the Samples Fig.2.8 The stress-strain curves of the samples
deformed at 900°C with strain rate of 0.1 5™ deformed at 950°C with strain rate of 0.1 s*
(2),1.0 5™ (b) and 5.0 5'(c) (),1.0 s (b) and 5.0 5°'(c)

FREZMTREA NG 2HE . B2.5~E2.8 4554950°C. 900°C, 850
“CHIS00°C LA R NEASIE AT [y 3 S - k. ATLAE HY, 7R RIS TR RS Fu3E T
A MT, BERREREL, MAORBEZAR XEHTEUFRZEEET,
BEE N ATE R FHE R, BRSBTS, Ein TEANIER b EE N EHE
TR, EEEALVER B Tk Ak A B0 2l

2.4 INgE

KIS NO.1 HTRFTR S, B T BB RN R . TR METE
R ER LTI R, BHN TR |

(1) 25T 18 A P A TR B S B G B TRAT S W E B R . 70 AR I e
ST MRS, Ph — N MRS FE BT A A BERE, REDSE
25 5 R BT B RS A AT, e BB MR, BEAS RIS KOS, S A
Ry ik M BT B3 h S T4

(2) MEERREOFENETRO TR, SBERM%NEEN D T,
0 8 I«

23-



b K AR A 2 SReAR &R A AT a9

(3) PEEMATAKIGI, RAENDHLERIBERNTEERE R, 228
FE 5t B, BT RRM R L.

(4) ph T A T B B I R o A AT R B, AR RN T B AK
T FRRIBRE J7, BT DA TR R AR B A S A e b T 2B B Ak AR

24-



i
.\t;.

Fi k2L EERET 3 R A DR R BTA

3 SIGHRESUS ST AR5

bR A ST R L - RRAEAAR, WML, FrEm
PN AR ), B EIR A N T E O 6. SRR SR
WA T IZ N . TIHE SRS RNH T LN ERRIE L —RENKT S RKAE
AR L (B CCT Hi4). M CCT MxI il A ass A EBERE Y, B
DRSSPSR AR, KRAREESEMSEEERE TR —F2E T T HH
m%%%@%\%ﬂﬁ%%H\ﬁ%%ﬂ%ﬂﬂﬂiﬁgﬁﬁ$ﬂﬁ¢%ﬁ*§ﬂ,E
BT L SFRREER LENTRATREEEENETREIG EMARLPRETZ
RIBLA - o
A ZEFF Gleeble-1500 MR EA - MR ES & SANER S T 2R R KK
MR TE 4 T HOELEA HAEAR IR, BIERA CCT MhZE, JoHlir-& 8 poss Bl mAE
HANTERARE, B—A WA LUFFRRAHIL AT RGN, FHL% —Hd
U BR AR .

3.1 REAHEERS
3.1.1 AMBEMGE

WSS I ER R —E R HEE T, ¥ REKEE - MNEEBEAA

A F AR . TR SR T AR B MR R B A VA B FR Ve AR, BF A A A 3R
(0 SI2 I AT 4 HIA B o v SR BV 43 A ) 4 A= B R M TSP A SR B S P
RAERR. Eas A R fF bR R AT T MRRENRR RN X, ELked
HITEETRIR, IR X 6] fr e ] DA B 734 B X ) 5 B T I R R L. el Tt
¥ BB [CAATEAR B AR B X W 8 (M7= 4 B AR R, BiEgR R NEER TS
SEEAHR. N RSN HEANY, WRNERBERRERERASIER. 7
FIXAME R, RN D BRI, IR R AR R RN SE (A (T B
SERGEEAH . B, HEEREN TR, RREESHETTENE. SRS REAF
Gk AR, B EAIK, B LR A X EE RN TR 4ER . 2FRT R
FEhe AR R fhgk (R4 phER) MRE A, b n D8I Bl Er
TS IR A R RATT IR AR AL L (A T) MRE. “FERT” &R

-25-



FAb K FIM 5L 3 SFIANIEAE A A4 T TR

FiTHREALEME. “HELIL” RROE—NATN REAEE, KR K
A F R TLE A AR, A I A B R AR EE. FXHER
T, BE-KE S S N TR R, TR BN TR (RVOsE
B B TR, ISR, OO, XA R ik b
S MBI, U RMRE L&A s A .

U 2 64 L S v B R P UG AR B 1 7 R T A4 92 . — S5 R e
AR FRe P R A O B AL SR SEAR S, T S AT BN I Rl (R4 e
PG BT R R R L, 5 KR RFIEE AR A (v +a)
KR L U 0 P e 2 O LS Sy 2 b A O A AR B AR A, T S BL U8 0
B4k, PR, BN . R, SRR ATIL
=3 |

MR A R IR O — il 2 28 T SR ES AR AR R . A SR B
S SR A CCT 145, 19 T SE004M S I AAHE S0 1N (UM AT o 1 A 4L
£, I BT O R R A A AR A RS e, BB AF
BRI B N RAOBORAO SR A MIGHR. FLZEMESF, LRER
ARSI R B2 AT B AR A P RO A I o S B AW 2R AL B
(VR R, 3 (10 MR K B B, o ety TR TP 30 O £ B B s T
A2 R R AR S E MR B R AL, JRHB XY I FAGR R - R i
£ . AR 12k b RORSE SR L SR B PRSI, M TERS AR AT A
BRI RS BRI, B SR S T, BARTEE T LM Tk
B, AU REE, T

BETRHE ER G BRI R (RESEE) ME SRR,
B 43 6 0 5 B A5 o I O A RS A, BHE S A LIRS R
SRR ET, FURHM RS E I MR BARAS 5 SO 1 W B R, (BTl
P RS AT, (AR . I 3.1 e M AR R A SR A
A R i AR A R R . ‘

Y525 T 55 U L [ B T V4 1 T U045 0 — 480 7 3 PRI - G
RN GAAERE, IR AR DB IO, O T LAV R 2 th SRR A T A IR
BEROSE THRLAE. $5W— SO LG 5 S NI L, SRS 4 B B R AR BRI (5
O AT LIS, BaRIERLR, @837 & CCT figt,
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i hY
i
i
% Tfs
§ Tre T-;\“\
= ekt THE ™ men
Time/s

B 3.1 BEAAIREN K AT R

Fig.3.1 The schematic illustration of dilation curve during continuous cooling
3.1.2 KIEAR

23 AT AT L ER B 9400 NO.T, B4R RIS K 2.1 Fi7R. 5 64mm FERHEL
[R5 450 SALSTRALEHELAR L4mm JEIVEH, B TR TS ¢ 8x15mm B
BEREE, 7E Gleeble-1500 HASHIRMHL_FRE FH RIS AR 22 IS I AR 0 41 T BB
BB L,

3
1100°C X 3min

\ 10°C/s

2007C, 3s

Temperature, T

A 4

Time, t

3.2 CCT M T

Fig.3.2 Measurement craft of CCT curve

AFEBPIRA N T EME 3.2 Fim, BATHEINT: BREELL 20°C/s K EANHAE]
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FRALK F M FAL 3 SRRk L APAE E RS

1100°C, £R# 3min JFLA 10°C/s B HIIRIEHEIZ] 900°C, FRE 35, JEAILL 0.05C/s.
0.20C/ss 0.5C/s, 1C/s. 2°C/s. 5CThs 10C/sy 207C/sy 30°C/s KIEEA B =R, &
SR HIT R PR Lk, PHTERA CCT MZRillE. FBEILERES PR HEE
B ABRERR YIRS HIRE ST, R IISEIOA. b, W 2R R 30°C/s HRBZ B o £
BIARE, SSIEEAK. FTLUAMEEANT 30°C/s LU LRSI I SR A HET IR

3.2 SRIMEERK T

REA R DR 4, &SRBt R CCT k. Hilk
R AT, SESATRME, £ 4%MREBERE, Ats Re LEmus
FForHT, TR ERANIE R AR £ G T ARG EEES DE AL,

3.2.1 §#75 CCT ik

3 3.1 HEREARHAE

Table 3.1 Experiment data of simulation

W I F, B[] Fr B8] P, I (A Pr B 1] B. ] B;

T/ls & G 0] % {s) (C) (s) (G (s) ©y (s) G

5000

005 1700 81S 2600 770 2600 770 650
02 500 800 950 710 950 710 1400 620
0.5 220 790 400 700 400 700 600 600
1 125 775 220 680 220 6380 310 590
2 70 760 112 675 2. 675 165 570
5 32 740 57 615 57 615 72 540 72 540 86 470
10 17 730 209 610 29 610 36 530 36 536 45 450
20 13 640 195 510 195 510 245 410
30 9 630 133 500 133 500 176 370
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FAb K FaAFFE4EH 3 SR AR T AR

RYTLR AR - R E WIS &M, LS 2N T LB AEE Bk
3.1, AR AR B AR TR A T RTIESEHS AR AR hER (B9 CCT W%k Wil 3.3 B7

o

® 2B
1000 :
. . . Acs
900 -
& 800—-\ Act
& 7004 N _
= i
= 600
©
E -
500
g“ T []
3 400 3
- . i-
300 - i
- { cooling rate\ x& b
200 - ¥ i
] C/s 302010 5 2 1 0.5 0.2 0.05
100 AR ] " ¥ hRRE | LR
10° 10' 02 10° 10"

1
time, s

B 3.3 STheaEs CCT Hi &8

Fig.3.3 Contmuous cooling transformation curve of experiment steel

B 3.3 ATLARE), R KAERZER CCT ML T, MR A =545 ﬁ?ﬂslz
BROCARXT WA M=) =5 —FOb B E A3 R,. B—Fhk
: ?@+ﬁ7’ﬁ4¢+m Eﬁﬁgﬁ_-*ﬁéﬂ«/\ Hﬁ%%&ﬁ’ﬁ“‘)ﬂ EEiﬁ:?ﬂ’/\

3.2.2 A HERE N RRLELN 3%

WA RRARERE L T EA R NEESHE R RN B4R W E 3.4 57

o MVAAIMEERT T 0.05°C/s~2°C/s B, ML SRR MBI G4, FERHEER T

5C/s~10'C/s RIAIR, AN E BB T AR SRS AL, B % HIE B

HE, KEFNESRERD, BHEEMENEERERES, SRtE2EEa b &

:‘ciztfﬁ,,\ﬁ%/\wizrﬁmmﬁﬁﬂmn MAE EME RIS 2L, &
20~30°C/s HEREHF N AR, TEOLM.
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W) . 1t 3 - Lo,
- — " o P e e i
I b ._-. i : ‘ g i .' Shid
ik : e T RN R
[ ; N e T ffene
‘_: 1:3 .h: (Bl ﬁ.1n__.:
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N ik b= o
| A : e L
et - T L T = o
B ¥
| [t .. .. o
Sk R
ATy
I oy LiLn s
._.I.... .. - W -.
iy Pl Y
it o T N

8 3.4 DT R ECHATR RS 3 T 0 BAAZCH), 4%
F ig.3.4 Microscopic structure with different cooling rates

(@005, B)02, 0.5, D1, (€2, (OS5, (@10, ()20, ()30

3.3 /M

AEEARIH NO.1 #AT ISR 5T, MRS IIE S &SI T 52
SI7E I PRI R T4 FROMIR AN, 3H42%I T 8 CCT sk, BEMT4I:

(1) ZEREAETH COT Highh, MERKSHARE TR HEER . HHHR A
TUCABIK . AP0 =k —Fh AR AR B UL, T Fh ek B+ 2R i
I AR AL, — MR N GRS SRR BRI I ERIX

(2) AN, ThA RN, AT EZE. BRI RE4A, BRI
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(3) BEASHEENN, AR, B SROESRIKE HE-SEh.
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FE A R 3 1 ol o 4 EEERALGE R

4 SRS E=E I 30L6

K T BT AT DU IRLIRISLE A1, ARIE L L LSRR AR G A M
JEES CCT BIER RIS, ZERL ISR SO, B 3L BRI 300 0450 ML SR MbLA (4
RIS R FHAT T =L, TSR0 ) SRR A S AR S
B, WASMT T TSP RAGERR LM, MTIE TEA T BRI NO.L A7
ARRMERT £B5.

4.1 RIS &SRO IERERIE M AL
4.1.1 SEUNSE

S B RAERL IR R L A Eh ik E s se i s i 0450 Bl SR04 (—RRT I =R
AL LHHTH,
SN EAESHINT:
HER T ©450%x450mm e KELEIF 4000kN
HAIEE 0~1.5m/s BAFOE 170mm
EHYLIIE 400kW
BRI
BHIHE: EEW. KE. K, BikhL
WHITEE 5~4007C/s; FRHEE 300~900°C; ¥HINLARL 2x8
FEAHEE: EAMBOOKE. L3 AT E T FLH Rt iR 6l
REY, WMIEEZSEHERS, WK, #Higsh. REE. R,
®450 HELIRHLALIE K
(1) AT AW ERINI RS HLE ) (20kN/mm) Pl ERE .. KETE5RRE
(~600°C) FLiREFFRMNIESK, EIBEHIELEITIGE.
(2) AHN3EE v AR B AT DlAE a5 B ER NTE B A BT R, Xhe
WML, BNETESEGRITER RSN, SIEESAITIEE.
(3) BN MEEIamshte, TRUEREIESL AT LR .
Rl #AE KO10 83 miR N PsEfT, NIRELGTE B KRR R E E#TA
H1, PEEE I KR P B B A RIS A A B, B AR
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R | -9 e R 4 FHTHRILER

HEVH, SRR HEN S E B ICON LA IIRAL.
4.1.2 RIERSTFER

(1) BAELIEIRR A R AT A iR

T HISEIR HeiE At R AR S A PRI RS, IB . MR =R A
FKAMESEHRMEE, WEER. ﬁ‘%’o‘ﬁi%ﬂ?ﬂlFﬁ]?ﬂﬁﬂﬁiﬁi’ﬁﬂﬂrﬁﬂﬁﬁfﬂﬁﬂﬁ%ﬁ%c
RIS R R R R T, A AR NN E UER A, HMERSMA
YR X LA UARIE A GBI £ R BTNy, F Re FoR. PLBERE eIl
AR AR S BB b LA A B AR TS RO N ) ME,  H Rm F7R.

RSB I Sy th. REIE GB/2975-82 4MHIHUEE, % GB/6397-86 T BebrE
Fr iR FE, 7E WED-2 & 20kN BT R IHLH T LW £ ) BRI E . fidvis
B, REMEE, JEREJEAEbL.

(2) ARG 0 |

FEAT G5t B P B R R B SRR EH B DAR S, BURRAR Y B 9 T SE 4 T
AR ERNAASRFRIGER. Bit, SRR CHANERENXRIFFTEE. F2
WL VEERTT T B S 1o 7 A e R R ol v o BN A B AR 2R ) 5 A Rk
RIS, SRS SUHE & R AR,
a) 4% THESTE RS S

F A% SRS R R T R B R, KRS RS RS KRS,
B A D Bk AR S
b) Lepera BRAE

Lepera AT AKX 4> Th G4, #RBAEFI N CiE. HARE: AELFANRERA 2
96 H IR RS R B [ 4, TSR, DUHIRTHERTEAE IS v AR, RS H
BIEFHT 1% NapS;05 KIEHA 4% SRS TR A, SRR WA B R
7~12s CERT). BB HALURE: KEEHRE, DRANEE, NRENRE.

SITE LRICAQSSOTIW 2B a0 FMBTAREZ L. FFH St el B 3
BRI, FFA T ETEIERBLIR
¢) TEM Z3#r#EL0AE SR 3 B TOM 4H VR

A B FEA T WSS 1D A RS S MK R ENRBA SN, %EE
0T P A b 57T 4 DL Bkt R ST 3R B B I Aok F B UL S RO AT B AT 263 . 5
Yo BT SR B0 ¥ &% 4 36 FEI A H]ZE7= 19 TECNAI G2 20 3B 4T T BB, %% Rtk ag
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AL RFA LT 4 FBHEFHRILLE

W

EAMERER. 0.235nm; ZB4MEFER: 0.144nm:;  INEEFE/E: 20kv~200kv;

B REHE: 20 45~100 5% BEREHA: +40; HF: 1.2x107° Pa.

A BRI S AR IR R0 3mm B, RJE B HH]0.06mm
B 5, WRERNmm WEREN, SRAPARKET0.0mmAR. REHATHRE
TUBHRTE., BAET % AR, AR50V, BIRA25mA. KRETTES
BIRM R 2R TEBST B T W82

42 E—RLIGENE LI
421 LWHZE

LI NO.1 (G4amE 2.0 ) MEELEE R 4 110mm(7) X 100mm(w) X
64mm(p), AATETENT: HEE MM EEE 1200C, #E 1.50, HIELALEERE
EIZE 1100~1150C, F5ELITELEIEEBIZE 950°C, SELIRBEHHIZE 780~850°C. ¥ 11
WMPCHATET: HFLIER, Fil-bdk. BET B FAm:

64mm 025 45mm 0,11 40mm 0.20 32mm 0.19 26mm 023  20mm 0.25_15mm 027
11mm 0.27 8mm 0.25 6mm 033 4mm 025 3mm . AATBEN 5%, LEHAEER

3mm.
AT B e 177 Ay B H) 7 A S A AR AR RE TR T, WRTE LIS AT
AR PR TR RETAE, A 41 P,

A
A

L 4

4.1 ZHRWIHLAAOTATEE  EEAN (1), FBENE

Fig. 4.1 The schematic illustration of cooling-down method after rolling
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(1) LRI

Fy (3~TCls) B 690~T50T+Ki (70°C/s Ll E) EHRRUER CERUEERE
HI7E 100~350C).
(2) BB
KA (30~50°C/s) E 690~T60C+ER (3~7C/s) F 640~T10°C+AK# (70T/s
Bl ED BERAE(100~350°C),
AR B B R RA S, BT,

422 SLIHERE ST
(1) sEMTESH

R VLA AL B SRIB R T2 R 4. 1 Mk 4.2 et
' 4.1 PELEZR T ESE (EEAHIHERK)

Table 4.1 processing parameters of hot rolling tests

TES EAFRRE  RRRE  RRTSEE ERAERE A

C) tH e ("C/s) e
Al 950 800 750 101.351 300
AZ 952 715 730 81.757 367

# 4.2 PELER T ESH(S B HER)

Table 4.2 processing parameters of hot rolling tests

TES #4EEF IEE FATRE ZHEE BERARE BEREE BIEE

) (Crsy B (O (Crfs) B O CC/s) Qo).

A5 785 12.75 771 441 660 106.08 224
A6 320 52.66 721 3.90 624 147.73 136

AR 803 30.20 709 4.14 688 114.63 158

(2) FIEHEREHIRI

TEALSELIFRIR A 3L, B, B#E GB/2975-82 2> BIBUEE, % GB/6397-86 10T is
YR REE, 7E WED-2 B 20N BT BRI HLIEAT R, WAEREER R IR .
RIRIE . SEME, TR AR o N TEIRE o BRI, AL
TESHMTE 43 fim:
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FAb X FREEEEX 4 FRE AL

43 NAtEERESR

Table 4.3 The result of mechanical properties

T#%5  Re(MPa) Rm(MPa)  A(%) r n AR
Al 373.82  589.13 24.73 0.6561 0.1708 0.63
A2 337.76 54898 2539 0.62
AS 390.58  567.97 29.9 0.6652  0.1964 0.69
A6 415.6 560.55 28.56 _ 0.74
A8 421 590.29 26.67 0.9071 0.1872 0.71

3 4.3 TTEABE], SRR S M PR BELE 550~600MPa, FEMEKRT >25%,
JERRLLTE 0.6~0.75 1], FLISRE R 85 i S T RE oy — 745 Hi % 52 0 5 O FE 5 B IR R
#, WA 42 .

43990 o
35000
30000 o
25000 o

29000 -

1 (N)

15000

p
10000 o

5000

T T ¥ T T T Y T T T T
a 3 8 ) 12 15 18 21

L% mm)
B 4.2 $LAFAOITIRT S — o e

Fig.4.2 The typical stress-strain curve of the rolled stccls

(3) SARALRIEZ

REER R BOR T AR, B 43 hPTR A 4 HITEES A 5 RS BAHTT
REFELE EECE, B9TE. 6. 501 4% ERESRAFIA Lepera W7 15 3
Bﬁéﬂéﬁ%%‘ Hoay, (D) EEEHIR MBI 4% WBRPIRIATR Lepera IAFFEIH
BHMALR: (0 (OAFBISHNHIMH 4% FIRIFRAIR Lepera W8I B4
M, _
X8 1SR LA TSR 5 SR B 4 4 S0 BT D5 3 T B A FT 4 2 Ay LA 4
ﬁ,E%ﬁ@ﬁ%&l%@m%iﬁaﬁ&@ﬂﬁﬁ%ﬁ%%ﬁﬁﬁ?ﬁ&%ﬂﬁﬁﬁ

F R, BERER T .
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RAb K £ Fnn L 4 FIFHRILEE

Bl 43 S—REREMGGEMELE, & WRERH; G Lepera il

Fig.4.3 Microstructures of tested sieel in the first experiment

Continuous cooling mode (a). (b): stepped cooling mode (c)- (d}

S T 3t — 2 s LB T S A BT S R R R B, ARSI A1
RSN AL (LT T B8 9T (TEM 4470, WA 4.4 Pim. Bidiast
RAEWE, TUAMALPHNEMHER 44 B, OFIR, HFOAEIE—EK
Jo. HEI@A KRS TERE M), MEATAHT, FRATRT DAEBIA SUh 55 ZMA AR R D
%%:E@@\@,ﬁ@¢ﬁ%¢ﬁ%ﬁﬁﬁmﬁﬁﬁ,%%%&WE@%%%%%Q
T B AR R RS B R R4, 12 1T D AT AR P B BB K LA B AR TR DA AR
AT R AR R AL, R AR RN R T LR R
R AT R b . L TE R e TR R A R K BRI AP TR AT D B i,
18 BT 77 — R i 2 B H L 4 T RS
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B 4.4 BB =R ESER A

Fig.4.4 The TEM microstructures of tested steel in the first experiment

martensite (a);enlargement of the first picture(b); diffraction spot of martensite (¢);dislocation in ferrites
{d);precipitated phase in ferrites (e)
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FAb K F AL F{a 5 4 STEEFHMELEE
423 &1t

B X EL R R SAR AR B E], SERANE I — R e R = AL AER 21X
AL, FEf i 4.3 WEEAEE H: PP A A B RN S U T BRI K1
Bo BRARMFESTLI AR, MES ZRERERFL LR BT HEE
JUERMETER, DASECEETERRLEHNHSHER, UERAANHIME,
EEFL AR R

43 FRLIGEAE LIE
43.1 LI AHE

S8 G IR R STH 110mm()* 100mm(w)x64mm(k), BAL ZEEm T #HiEs
IN#MEBRE 1190~1250°C, R 1.5h, AEIFFELEEHEEITE 1100~1150C, FHFELHEL
R EITE 950°C, HELEBEEHIZE 780~850°C. ¥ 9 BWHHMTE F: MELTHEK, ¥
HAEER. BREEED T

64mm 0.28 45mm 0.28 32mm 0.25 24mm 0.25 18mm 0.22 14mm 0.21 11mm 0.27 8mm

0.37 Smm 0.40 3mm
BEREN 95%, FLEFLHEE A 3mm.
SR TR T E— R ER ML R A T HLELIBENETE, BBER
BB MLE R, DIRS A s piee e,
LA N BRA T EER MRS B AP # T A
1) TEABHAR: A (3~T7CT/s) & 690~T750C+K¥E (70C/s BLE) EHIGE
BE (100°C~350°C).,
(2) SEBHIER: KA (30~50'C/5) = 690~T760CT+F¥ (3~7°C/s) FE 640T~
TIOC+7KE (70°C/s BLE) BHRBERE (100'C~3507C).
AERTORRE FR MR RRES, S,

43.2 LIGLER R

(1) SEMITZZH
oy MBIE AL E IS ENA RN T ZSHW TR 4.1 FE 42 iz
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A A R FE L F{RE _ 4 KRBT HILRE

T 44 BAERTESHELEAHTR)

Table 4.4 processing parameters of hot rolling tests

LZEs | HHBRECC) RBHEFHEECC) BRHEE(CC/) HEEXEC)
B2 791 700 114.83 305
B4 792 730 134.07 . 220
B7 824 730 122.87 225

F 4.5 BAERTZEHERAGAT)

Table 4.5 processing parameters of hot rofling tests

TES SHHEBE SHEE TATH T4AEE R RREE ESRER

(C)y  (T/ WE(T)  (T/9) WE(T)  (T/e) (T)
B9 790 2649 750 1.93 700 166.11 200
B10 850 3658 760 1.67 710 12121 230
(2) DA PEre AR il

F46 HEHERRER

Table 4.6 The result of mechanical properties

IrE%s Re (MPa) Rm(MPa) A (%) r n JE
B2 394,133 579.66 28.01 0.4048 0.165 0.68
B4 442,523 619.79 25.19 0.61 0.17 0.714
B7 386.146 599.22 26.94 0.9972 0.1971 . 0.644
B9 412.062 613.32 26.04 1.5818 0.1816 0.672
B1Q 389.308 578.8 29.8 0.8579 0.2016 0.673

BELAEBRRIE RG], FRER RN TE R X THEEL
MBRE T REFER T, HAFMINREFER, K430~50MPa, FEHFR>25%, B
P IANRACFTR . XEMTHEMEST, FARESEMESMMERIG T, H
R R L RXILE, 7T A AR RISt R A EE RS R
kG, MR Ee BEAE R FTERENa MR, Hibe Rk, EEXRELE S
BRI T LS, T A R b RS AR A BB R, AR T B IR M e
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FAL K G FaEH0 L 4 FEERILLE

BT AL I R SR RN, TN I 2 ) S A R T 2, SN AR IR
e A 2 TR TR T LA 2 A fho SRR, (B3 P M AT M AR & 4

SR 4.5 FrmeT LIRSS, 4SRR8BS — Rk s ALl g
A4k, EBHHS . A AR T4 B SRS, S URPE R T TR A
PR H177 BRI A I B

e
e Tl
LI A

il

- En

B 4.5 HoRERERESMAL, £ WERER; A: Lepera A,
Fig.4.5 Microstructures of tested steel in the second experiment
Continuous cooling mode (2). (b); stepped cooling mode (c)+ (d)
HSFE KR E AL, B R HELARN S SRR R S, B
AT HERER, SRR LR . R E LR AT AR B FELAT B4 HE
4T TEM or41 i 4.6 s, WEURERE], SRl E 414, 40 2um~3um.
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At kALt 4 FRTHALEE

i
B
Wl

B 4.6 BUXRLHENFLMRERA, KERRR

Fig.4.6 The TEM microstructures of ferrite grain in the second experiment

433 it

T AR A RS, B SRR E HELTEARR TH — WAL TSR
BRI T MR A BT BT E, BEar =4 T B AR, A
MEEAEREE VR, BRifd 0 GBI s R Z AR K.

44 E=RKRIGEREL KT

%ﬂﬁb’ti%%ﬂtﬂi% WAITLLBE . EEIOBHLEILNEETRC30%) K
T, RRABLAMA AT ABEIFRREES] 550~600MPa, HLPHE>25%, [
RHZE 0.6~0.7 ZIAKMTAEAR . hTERSER, MBTHRHLE, BT THEZWHREL
T |

4.4.1 REHE

AT TR, EERER S HEL S X RIE TR M NO.2 #ATH

B, HESNE 4.7
+= 4.7 LW NO2{LERS (FE, %)

Table 4.7 Chemical composition of tested steel NO.2 {mass,%a)

c | siiMn, P | S Cu | Ni | Cr | Mo| Nb Ti | v | Al

0.046 [ 0.24 | 1.6 | 0.0099 ' 0.0017 | 0.15 0.12 | 0.04 | 0.16 | 0.042 | 0.016 | 0.03 | 0.028
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FAb A F A F {1 4 FEETHILFTE

SER = HELERRHN ST R 110mm(2)<100mm(w)*64mm(A), & T ESE T
BRI A ERA 1190~1250°C, {R¥ 1.5h, HILFFALBEEHTE 1100~1150C,
L ITFLE A 950°C, KSLIEEBHITE 780~850°C . MR 8L 58 IR AL
ATIET -
 64mm 0.28 45mm 0.28 32mm 0.25 24mm 0.25 18mm 0.2 T4mm 0.21 11mm 0.27 8mm
0.37 5mm 0.40 3mm, EEEEN 95%, FLEFLHERENR 3mm.
FLEAME A ELEA T B8 B~TC/ s) B 690~750C+ A& (70°C/ s
LLE) BEHEDURE(100~350°C ),

442 KRBEREIH

(1> ERMTEZSH
% 4.8 FE 4.9 25 HEE NO.1FI NO.2 34 2L 4 il T 225
£ 4.8 PELLR T EZSH(NO.1)

Table 4.8 processing parameters of hot rolling tests

HEAHEE Z4EE EBERIREE  EHREE HAREE

&5
. CH e [e)] {‘Cts) Ty
Co S00 780 704 109.66 250
c9 910 830 740 164.89 120
Clo 910 350 750 147.66 245
C12 900 850 750 _ 15922 .~ 180

4.9 WAHELBTESHINO.2)
Table 4.9 processing parameters of hot rolling tests
WU SRR RRTGRE  ERmEE STuRE
I8
) &) e {'C/s) 4 8))
D6 950 780 700 179.49 240
D7 947 850 715 - 162.97 200
(2) 77 EHERE IR

IR PR ATS BRI MBI AR RSB EE R R AN R 4.10 R 4.1 Foon. 8
PR KIT R LR LA H: MU NO.1 7] LB E g R A =R R
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oAb A S A S 2 4 EEHRILERE

PERER I AN . M E S ERENH NO2 3k, AR T EmER 054
HISEEE NO.1 B AMEERA, LPHiisaFE ik 650~700MPa, {EIEMZFEE .
F4.10 DFHERBIRER (NO. D

Table 4.10 The result of mechanical properties

TZ% Re(MPa) Rm{MPa) A(%) r n JEIREL
o 390 550 26.24 0.5467 0.1584 0.71
Cc9- 360 565 36.98 0.678 0.1864 0.64

Cl0 340 565 27.04 0.8945 0.1944 0.60
C12 345 575 24.72 0.9461 0.189 0.60
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Table 4.11 The result of mechanical properties

TEYS Re(MP2) Rm(MPa) A(%) r n JEIR
D6 510 645 24.08 0.5532 0.1139 0.79
D7 515 700 22.40 0.7322 0.1337 0.74
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Fig,4.7 Microstructures of tested steel in the third experiment
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