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A Study on Behavior of Hot Deformation of Ultra- Low Carbon
Nb-V-Ti Microalloyed Steel
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Abstract Based on the hot simulation test, the effect of deformation condition and microalloying element 0.018 —
0.056Nb, 0.01-0.02V and 0.01 - 0.02Ti on behavior of hot deformation of 0.06 — 0.08C test steel has been analyzed.
And based on the Sellas-Tartat equation, the mathematic models to calculate the siress- strain curves have been established,
that are dynamic recover model ~ o) = g + (6, ~ 0))[1 — exp( - 3.23 e/, ) I°*, where o,- peak stress, - stress at
anset of plasticstrain, e- strain, ,- strain to onset of steady state by work hardening and recovering, and dynamic recrystalli-
zation model - ¢ = o¢, — (5, ~ 0,,) {1 - exp[ ~2.363(e~¢,)e.***)? 1], where q,,-stress to onset of steady state by
dynamic recrystallization, ¢,- sirainfor onset of dynamic recrystallization. The predicted results to rolling force by the models
conform with that of measured value of 0.07C-0.018Nb test steel during commercial rolling.

Material Index Ultra-Low Carbon Microalloying Steel, Dynamic recover, Dynamic Recrystallization, Hot Deforma-
tion Simulation

ERITTY F ARSI E TR,

IMTEA SRR SISFERURME K
RAPHPTHIR . Bk, X TR S SWRE
DA RIBBOAR A, AP R AR b5
XL TR R BB ESTTR N V. Ti
STHIAEAT W, 23 T SS HE M SR
SEERNL - PEAE 2R A B R R, W] SEBUR BN A
S A Tl AL AR AL B RS R TR

1 LERMBRTGE

S E FE B AL, b FERAT R 1,
LHTE Gleeble1 500 HBLHLA T ML b 4T, iXBEHE
PN A, ®8 mmx 15 mm BIREFE ., RHABERE
a8 DR E RN -E AR # 2 RHRREIN $AE1 250
C,fRE 5 min, RJF5rFIEL 10 C/sB9% EHEE %
SR HERRIPATERE (850 ~ 1 150°C) , B 28

®1 KBRRBOUEED %
Table 1 Chemical compositions of test steel /%

7 C Si Mn Nb v Ti Mo B P ) N
A 0.08 0.02 1.13 0.031 0.01 0.02 - - 0.019 0.010 0.006
B 0.07 0.33 0.97 0.018 - - - - 0.025 0.001 0.008
C 0.06 0.41 0.37 0.056 0.02 0.01 0.26 0.0031  0.010 0.004 0.009
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Fig.1 Stress- strain curves at different deforming condition for test steel A (a), B (b) and C (c)
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Fig.2 Peak stress at different deforming condition for test

steel A, B and C
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Fig.3 Comparison between predicted value and measured value for stress- strain curves: test steel A (a), B(b) and C (c)
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Table 2 Coefficients of nonlinear regression for model
WE Rt i
A B c T Ak
Q 3.33E+3 3.32E+3  3.48E+3 Q"
Ag 3.26E+13 3.65E+13 4.65E+13 3.82E+13
8 2, 74E-02 2.40E-2 2.41E-2 2.41E-2
ng 4.92 5.18 5.23 5.09
A, 6.03E+13 S5.15E+13 6.56E+13 5.98E+13
a, 6.59E -3 6.57E-3 6.58E-3 6.57E-3
n, 4.9 5.18 5.23 5.00
A 1.7IE+14 1.65E+14 2.10E+14 1.85E+14
™ 6.13E-3 6.04E-3 6.09E-3 6.08E -3
n, 4.58 3.83 3.87 4.32
a 1.35 2.2 1.63 1.65
b 1,40E - 1 1.30E-1 1.70E-1 1.37E-1
c 2.20E-1 2.41E-1 2.52E-1 2.32E-1
d 2.62E-5 2.718E-5 2.87E-5 2.82E-5
€ 4.21 1.95 1.79 2.36
f 3.21E-1 3.31E-1 3.51E-1 3.L2E-1

#:Q.Q" (ki/mol)-JEAEBIGRE

n, XI5 6,3 Ay » 8 » 0, R AT 0, BE 2) 6
3.2 S 3R AR RIRH AR AL

S ER BIRL Sy-RIAC H 2 A (4) ~ (6) K
R

I e<e,
¢, = aZ's —Zb (4)
o =09+ (0, - ao)[l—exp( 3.23¢/e,)]"° (5)
t-:,—c+ala2 (6)

R e WA e- NAHE BRI A e- T
LS B ARSI R RN A 5 0, - SIS
HESRL T 00-BIEE N HT 5 0,- WEMH R FT5a, b, ¢, d-
SHHERBIEL

AT 5 dh R N 710 AR # 4R BT R (5)
(7)RHBLHL .

If E>e€,
s=00 -(0, -0, )1 -expl - (e(e -¢)el)?]]
(7)

RF:o- RENSHE RN T ;0 -NEHE R
HEARTHRERL S s e, - GRHAEXBIE
3.3 HERBHHE

FEA S EEE , FI A MatLab B4 5T T BAS
H Nlinfit REORFRIFRHEB A S HHE,
Nlinfit B & {# F1# & Levenberg-Marquardt 12 IF. #9
Gauss-Newton B ¥R IBE| £ RS, HAEF &R
ERBANESHE LA 4,6] T, IELERFAY
BEIRBE 2 Fim,

ERNSHRITIE

4.1 Nb.V.Ti MIEAEIE RERI R
WiEREShr LR T R FRYRE S, oK
INEERILE & MIES SFERERN i B EZE R
FESHZ—, BIRFEMW, N 1 Ti WA ME
RERI SRR R . A SCARME SE IR B Xd ek (6]
A BIE R T B RGRIT T IE .
Q" (kJ/mol) =303.37 -2.886[ C] +1.147[Mn] +
38.20[Si] + 40.49[Mo] + 35.98 [ V] + 106.42
[Ti]**° +80.35[ Np]>>** (8)

XEPFESRERNNITENEEF 75
Mn.Si.V.Mo R W2 HY, T Nb 1 Ti BIEEL
. ATHERIBEESAAY 8, Bk, Nb #
Ti AOBR BAL & WA 2 T St R RE AR 1
4.2 RFI-RLAE T BIEE R

ETXIRSL I [ 3 R e T AN A

4 T


http://www.cqvip.com

s YT

%26 %

THERIR A -PAE MR S LRERER (B 3). @
B 3 ATLAE ), ABAED B H B 7 - L AR B 2k 5 5K
MEW)-& R AT, BB E B el 3t S Bk Sh 25 [ &
BASFHES A DL - DL AR i 2 AR AL AL
4.3 PUMESSCRME A LB

R FASCE ST B AE N R BT T SR
B b FLH B i FLI S, G5oREH, TAME 55
AEYIE RAF(E 4) 3R 3 EEHALFSE.

20
z
S
i
4
®
6 1 2 3 4 5 6 7
BEX
M4 SHHE B TSR ELAIE B 5 30
b

Fig.4  Comparison between predicied value and measured
value for rolling force of test strip steel B during commercial
rolling
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Table 3 Rolling parameters during finishing rolling for test
steel B

i AOERE  wnER fEEE RERE
EW mm mm m's”! C
F 36.00 24.37 1.23 1045
F, 24.37 17.81 1.69 1014
F 17.81 12.82 2.36 974
F, 12.82 10.06 3.01 947
Fs 10.06 8.19 3.72 925
Fe 8.19 6.9 4.55 909
F, 6.9 6.35 4.84 891

R A ROTE R, W R 500 mm
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