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Hot rolling deformation constitutive equation and rolling force prediction of
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Abstract: The prediction of rolling force is an important prerequisite for the smooth running of hot rolling process. Therefore, in order to
predict the rolling force in the hot rolling process, the single-pass hot compression test of 07MnNiMoDR steel was conducted by thermal
simulation test machine to obtain the high temperature rheological behavior under the conditions of the deformation temperature of 850—
1150 °C , the strain rate of 0. 1-10 s™' and the true strain of 0. 9. Then, the dynamic recrystallization and dynamic recovery behavior of
materials under different deformation conditions were analyzed, and based on Arrhenius equation and deformation mechanism, the hot roll-
ing constitutive equation of experimental steel was established. Furthermore, the temperature field parameters of 07MnNiMoDR steel were
calculated by the material property analysis software JMatPro, and based on the high temperature rolling constitutive equation and tempera-
ture parameters, the prediction accuracy of rolling force was verified by software Deform-3D, The results show that established constitutive
equation and temperature parameters of 07MnNiMoDR steel have good prediction accuracy for predicting rolling force with an R value of 0. 9875.
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Fig. 1 True stress-true strain curves of 07MnNiMoDR steel under different deformation conditions
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(¢) 6-0 curve process during dynamic recrystallization process
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Fig. 4 Relationship between parameters of dynamic recrystallization dynamical model of 07MnNiMoDR steel

FR A5 07MnNiMoDR X (1) 4% #4 J7 & 4 7 7 & 0
850~1200 C, W AR K 0. 1~10 s~ B, 0 AF
SRR IR 5 AR I R RN AR R[] YOG
#, WEs R, ATFARITGIHAE,
2.3 #MESEFRITEMSEHES S 5L HFN

fit F A B PE fE BE HL K fF IMatPro it
07MnNiMoDR FJHY - HA | JAZT | SRR FITA AL
b, wE 6 pron, SEPRNAR A EL R S AR 2 &R
I, FEA FRITRL I f b oy T 3 M RlcR A w2 ik
Trfiife, BsLR ER Ak, A% S 4R
FIAE PR AERIE A8 shist e, B8R AT B 325 1k
FEA IR RIS 25 A7 58 5 T e T DL R A

WS ELARAE A LR 55 AR 09 422 fil e T R B
BSN: (s -mm-C)™", WERISEIIHAR
BOMO0.02N - (s mm-C)™", WA FLEHR AY B
PRIECH 0. 7, e i Bl X 3 ke A0 ol 500 Al 1 3 % 55 2 S
B A LR 22, Rk, AT Z00E O A R
I s 75 55 - 3% R 2% 2 e A T T F B R R I X[
H S 5 R AR B s B R 8 R, Y, st (27)
FR, IELEE N 0.73, BRETHEIIHSEILE 2,

h,=CS(Ty + TS) (Ty + T,,) (27)
K, S B ®F - IRESFH S-=
5.67x10°W - (m* - K™y ¢ N B EF R B, B
0.85; T, T, 7l ARER i) 2 1 B RS TRL

B



178 O S SN 949

280
= 850 C = 850 C
anf 13T Spame
s m} §
< 200F <« 1100 C < 1100 C
> 1150 °C S 250+ > 1150 C
2180'01200°c .. samns E *1200C L eammwas
[ .
E}jg- -';.::::::::A .RZOO' ...:..oooo.'..
e lxx 2 I °« °® “AAAAAA“
120 2 vyvvvVVVYVYVYYVY w150 - ..AA:"vaVVV'V
100 F v'.'. ev:..QOQOOQOQO
. LS * PRI IR IR AR R R AP
80 :444444::::::: 100 i::::»»»»»»»»»
60 SEEEISIIEELSSSS AL
40 50
0.0 0.2 0.4 0.6 0.8 0.0 0.2 0.4 0.6 0.8
HpiAR FURiAR
(@ ()
ol i
350 1 :950°c
L1080 €
L J00r S 1100 ¢
E » 1150 'C
250 ¢1200C _ mwewwsmsnums
" ....0000
R .l...:‘AAAAAAA
QZOO- ‘:A‘:v'vvvvvvv
o Ay Y (eeesssenne
150 | ',0:‘444444444
MR N O
100 g“‘oocooooooo
50
0.0 0.2 0.4 0.6 0.8
FPAR
©
€5 07MnNiMoDR #4477 7 14 46 iE
(a) 0.15s7" (b) 157! (c¢) 107!
Fig. 5 Verification of constitutive equation for 07MnNiMoDR steel
45
10
£ 40t =
g Z°
535- ;
B & o
ﬁw- #®
4}
25 1 1 1 1 1 1 1 I
0 500 1000 1500 0 500 1000 1500
HwEE/C HEE/C
@) (b)
22t 0.37¢
=2} 0.36
E 0.35¢
18+
§16 0.34+
X Ro033p
@14‘ Zosn}
ﬁlZ- 031
%10' 0301
sl 029
0 200 400 600 800 1000 1200 1400 0.28 0 200 400 600 800 1000 1200 1400
HEE/C HEE/C
© @

Pl 6 07MnNiMoDR 6L 5 540
(a) TR (b) #F (o) WHEEHE  (d) AR
Fig. 6 Temperature field parameters of 07MnNiMoDR steel

(a) Thermal conductivity ~ (b) Heat capacity ~ (c¢) Modulus of elasticity ~ (d) Poisson’s ratio



Fol TEJG 4% . 07MnNiMoDR 3L AR TE A R B 5L ) o Tl 179

R2 EETENSHER

Table 2 Parameter information used in simulation calculation

e ok ikt
Jin TR Ak h 2 01 &2 B B R g o =[o2+ (di-c%) ™% o =14.6497021 (InZ)*®"  &,=3.79704InZ-88.55777,
rec sat 0 sat sat 0

0=2231.970262"""* | Z=gexp (420889.29/RT)

I
AT bR 3T £,=0.145632" % | 4 =0.57053s,, o, =0.59230711694 (InZ)* "7

g \ 19281

Oy =0 ™ (Usa.—Uss{l—eXp[—15.42778( °) ] } , e=e,,
&
b

7,=3.79704InZ-88. 55777, o, = [0+ (o%-02,) ],

sat

7, =14.6497021 (InZ)*"¥7  0=2231.970262"" " Z=éexp (420889.29/RT)

PR R AL Fl 6a~ I 6d
RS R IR 0.73
HasSMA R/ (N« (s mm-C)™") 0.02
SHEABHARE/ (N - (s+ mm - C) ™) 5

FLAR S IR B R A 0.7

A%/ 4> 41239

Ta A PTESLAOIRALS PR AR SALARAE T, L BEBIEEATIHEY, XIRRIECA XZ 1, BCE BRI,
WER R $1160 mm, BEANIMAE, BRHEHRE 12 W ESLIIE 7b Bis . ESRE91E R4S Bk

(a) (b)
70
op i
Sl
of - fi o r(:' 60 b
E 50r r 'd E 50
.R 40 | (] @
% . = 40 — WAL
= 30r . gl R—0.9875
201 30
10 _
20
"2 3 4 56 789 101 20 30 20 50 60 70
R/ FNE/MN
(© @)

7 07MnNiMoDR f#FLILIZE SR
(a) HALBR (b)) BRI (o) $LH (d) MM
Fig. 7 Simulation results of hot rolling for 07MnNiMoDR steel
(a) Model of hot rolling  (b) Grid division of billet ~ (c¢) Rolling force  (d) Correlation analysis



180 B Ok ¥ R

i 49 5

RIS, THREEE SR SN EE R NE] Te s, AT LA
BRIBALA L 153 5 Ry 23.41, 24,64 35.37,
35.12, 37.81, 56.37, 64.28. 57.82, 53.18,
23.16 1 30.46 MN, 5 Fr i #0950 60 1 2 5k
20.68. 24.92. 33.53, 35.57. 39.47. 59.4.
64.04, 62.53, 56.94 . 29.27 F129.22 MN, AKXtk
FECRAEN 0.9875, M5 2 sy 07MnNiMoDR
BRI S B G TS AT L AR AL, T
H- 5 5B A B R A SN, AR BT ST B AL 7 2
ST TR 45 A A e ) o

3 b

(1) #5377 07MnNiMoDR #X7E N A A 0. 1 ~
10 87", ZSIETIE S 850~ 1200 °C 444 F By & iR A8
ENpE N

(2) 8 T 07MnNiMoDR ¥ U G 3 #h%8
SRS R FA A L

(3) Fr#E 7% 07MnNiMoDR X 1 7 #4 75 T2 K&
Tk B 5 2 0O L 3k R L ) 0 T LA A Y
HERA P, T 5 S E A AR OGP, R EH
0.9875, i AL AL EL T T 25 sk X HL il oy 0 4 75
K

SE 3k :

(1] EfRfe, X, £k, 55 ML ELH ) A5 i Bl
55001 [J]. Wk, 2022, 57 (9): 95-102.
Wang Z H, Liu Y M, Wang T, et al. Prediction and analysis of
rolling force and width spread in rough rolling [ J]. Tron & Steel,
2022, 57 (9): 95-102.

(2] skAZR. N AT v AL L4 FL AR AL S0 Y 7 s BF 5
[D]. P4%. PYHITR¥, 2021.
Zhang S R . Research on Rolling Force Prediction Method of Six-
high Reversible Cold Rolling mill [D].
of Technology, 2021.

Xi'an: Xi’'an University

[3]  Bagheripoor M, Bisadi H. Application of artificial neural networks
for the prediction of roll force and roll torque in hot strip rolling
process [J]. Applied Mathematical Modelling, 2013, 37 (7):
593-607.

(4]  WWEAR, Mk, PN, 5. FLERSE T AZ31 SRELHI T 200
FMHAESE [1]. =M RS TR, 2015, 38 (6):
61-64.

Luo X D, Liu H, Yang H, et al. Effect of roll speed on radial-axi-

al rolling process of AZ31 ring [J]. Ordnance Material Science

(6]

[10]

[11]

[13]

[14]

[15]

and Engineering, 2015, 38 (6): 61-64.

ki, WOEAE, WA, S LT UG BP B 2K TCAE N
EEALALR R (1] BIREOR, 2022, 47 (5) . 153-
160.

Zhang J, Shuang Y H, Hu J H, et al. Prediction on rolling force
in hot rolling of wide and thick plate based on deep learning [J].
Forging & Stamping Technology, 2022, 47 (5): 153-160.
Wi, T, R, . FETUREEY: ) 0 58 B AR IAEL AL
JIE (1] BREOR, 2022, 47 (7): 167- 174.

Guo J T, Wang L, YuJ B, et al. Prediction on rolling force in hot
rolling of wide and thick plate based on deep learning [J]. Forging &
Stamping Technology, 2022, 47 (7). 167- 174.

gl , 2N, R m ik, A5 FET IR T PR GE AL EL ) T 15
W], WERBFFTEAR, 2019, 31 (9): 805-815.

Ma W, Li W G, Zhao Y T, et al. Prediction of hot-rolled roll force
based on deep learning [J]. Journal of Iron and Steel Research,
2019, 31 (9): 805-815.

EAE. KRBT BOB R 55 [D]. ¥F@: W
RAEFURF, 2019.

Lyu M H. Simulation and Experimental Study on Rolling Forming

of Large Ring [ D ]. Jinan; Shandong Jianzhu University,
2019.
He Q Q, Sun J, Zhao J Y, et al. 3D simulation of h-beam multi-

pass hot rolling and microstructure evolution [ J]. Applied Me-
chanics & Materials, 2013, 268-270: 297-300.

Dema R R, Shapovalov A N, Alontsev V V, et al. Computer sim-
ulation and research of the hot rolling process in Deform-3D [J].
Materials Today: Proceedings, 2019, 19 (23). 12-15.
TR, FME, &%, % 6082 A& AT n LIkl g Bk
FURER SO AT GY (1], A M Rl 5 TR, 2022, 45
(6): 70-74.

Wang J] W, Li S X, Jin B, et al. Forming of simulation 6082 alu-
minum alloy cross wedge rolling shaft for automobile rear upper
control ararm [ J]. Ordnance Material Science and Engineering,
2022, 45 (6): 70-74.

Kumar A, Rath S, Kumar M. Simulation of plate rolling process
using finite element method [ J]. Materials Today: Proceedings,
2021, 42: 650-659.

LiJ, Li F G, Cai ], et al. Comparative investigation on the modi-
fied Zerilli-Armstrong model and Arrhenius-type model to predict
the elevated-temperature flow behaviour of 7050 aluminium alloy
[J]. Computational Materials Science, 2013, 71. 56-65.
SR, Mok, AT, 4. 022Cr WA IAEIEAT O K im
T [J]. &k, 2020, 45 (7): 51-56.

Li R B, Chen Y Q, Jiang C X, et al. Hot deformation behavior
and processing maps of 022Cr steel [ J]. Heat Treatment of Met-
als, 2020, 45 (7): 51-56.

Wi, Bmef, SiM, %5 Mz NI g ka4 TC18 AV S



52 4]

TEJEIHSE . 07MnNiMoDR #X#EL AL TE AA4 75 2 S FL I g wim 181

.

S G S U P S U O S O VS O VS SO SO

x

FEHRAZ N S [J]. Lok, 2018, 42 (6) : 486~
492.

Chen L, Guo X M, Jia W, et al. Prediction of flow stress in ther-
mal deformation of near-B titanium alloy TC18 for aviation [ J].
Journal of Yanshan University, 2018, 42 (6) . 486-492.
XM, BEE, 2575, 45 MSONIL 4 #4251 72 op 4 i B
RUAK T RE SO SUEE [J]. AORHALE RS2, 2021, 42
(8): 170-179.

Liu YF, JiGL, LiL, etal. A physically-based constitutive mod-
el and microstructure evolution of M50NiL steel during hot deforma-
tion [J]. Transactions of Materials and Heat Treatment, 2021, 42
(8): 170-179.

GB/T 19189—2011, J&J1 % & BT i SR [S].

GB/T 19189—2011, Quenched and tempered high strength steel
plates for pressure vessels [S].

M, AL, MR, F22 miss VI AT o 5 SR 2 2T
WLT]. TR, 2022, 29 (9) . 144-150.

Xiang B, Sun C Y, Chen L. Hot deformation behavior and grain
structure prediction of F22 high-strength steel [ J]. Journal of
Plasticity Engineering, 2022, 29 (9) . 144-150.

BB, BRRA], BB, % FRG 4 Inconel 617B HYIAIE
KENATE AT R (1], EAI%54%, 2020, 37 (10): 7-14.
Luo R, Chen L L, Cheng X N, et al. Thermal deformation and dy-

namic recrystallization behavior of inconel 617B superalloy [ J].

“% 20 BERRERRESI” MECEM

( The 20th International Conference on Metal Forming)

55 20 J R4 )@ IE 218 (The 20th International Conference on Metal Forming) %7 2024 49 A 15-18 H T
2RISR E I, ERRERIE R4 s hi Rk R AGH BHE KT 1974 4E & #, E4T 020 J&, 2022 4F,
AL TR 2 2 0 TR S AR FEE TR F B IR A2k L+
W, FEATRES 20 Ji [ BR 42 8 U S BURIE], BUTE#0E 6 AR SxHd Fl 200 433 11 34t . b LB LR 2= 2598

P TR 2AUHAS AR 2L,
FEEBAL: SRR AGH BHER %
SWMIE: http: //metalforming. agh. edu. pl/
EEMETR
- RICHAREUEITE] . 2024 4 1 H 25 H
- PERTAIREUEITR] . 2024 4 6 15 H
BRRAR

XA N : Anna Smyk, Conference Secretariat, E-mail; barana@ agh. edu. pl
X ZHidk: AGH UniversityMickiewicza 30, 30-059 Krakow, Poland
tel. +48 12 617 56 99, E-mail: metalforming@ agh. edu. pl

[20]

[21]

[22]

[23]

[24]

- UGS FIRTE] . 2024 425 H 15 H
- SWEFFRE . 2024 459 A 14-18 H

Pressure Vessel Technology, 2020, 37 (10): 7-14.

HOHE. 07MnNiMoVDR [ J7 25 &% M 25 7 L 2 5 414U g
[D]. ¥k ZRdbke:, 2012,

Cao H. Manufacturing Process, Microstructures and Mechanical
Properties of Pressure Vessel Steel 07MnNiMoVDR [ D]. Sheny-
ang: Northeastern University, 2012.

BT, PBEEA, FhFF, 2. 07MnNiMoDR Hz4LHI HVE K A 4 75
R [J]. MBI 244, 2020, 32 (11): 977-983.

Luo Y, Pang Y H, Sun Q, et al. Constitutive equation for thermal
deformation of 07MnNiMoDR plate in rolling [ J]. Journal of Iron
and Steel Research, 2020, 32 (11): 977-983.

JiGL, LiL, Qin F L, et al. Comparative study of phenomenologi-
cal constitutive equations for an as-rolled MSONiL steel during hot
deformation [ J]. Journal of Alloys and Compounds, 2017, 695
2389-2399.

VT, JEER, JIEM, 5. SR ARSI PSS SRR AT S IR
[J]. BHRHSRE, 2017, 31 (13); 12-16.

Sun Y, Zhou C, Wan Z P, et al. Current research status of dy-
namic recrystallization model of metallic materials [ J]. Materials
Reports, 2017, 31 (13): 12-16.

EHE. PIERELIELT S EEARI IR (D], RREE.
e, 2009.

Wang X C. Research on Rolling Parameter Model of Plate Mill
[D]. Qinhuangdao: Yanshan University, 2009.

RAEXM2EIr T S U bR g Jm e 22

FEHUR TR S TR 4



