$FREN Vol. 34. No. 2
SPECIAL STEEL

SHPERFELIERERARTEMURKRRE NS H

N Ok B R FAL F & EZHK

(ROEERFEM R 51H e, 5L 430081)

W B EFAHRTHM ABAQUS By T o AR B AR = 4 ) B A IR R AL R 45 4R AR BOAE
BOTEH BT, 8 B AR R 520 C#0 20 mm ARAHIHEIRIE 605 C A9 55 mm AR EITARGNA AR Y
B 6OIRAE 4 ARV, 3 AMH7 T 20 mm B HRIREE 420 ~ 620 °C .55 mm ARHI 44 EE 505 ~ 705 C kA% 0. 07 ~
0. 20 B AR 47 B2 1 4 L B 46 ol S0 B SOARBR AR OB A SRR 8, 5 T 0 B R, U £ 2
MR EEREMN I AK;520 C 20 mm REFTESEE R 505.4 C,5H 152 161.69 kN,605 °C 55 mm R FHE
1B E 589.3 °C %7 H 114 565.49 kN, H LB 4354 507 °C,2272.93 kN #1591 °C,4397.94 kN, HBHEEIRE
2,

k@R 4SH PER FEUE HRTEN BEE BRAWH

Finite Element Simulation on Temperature Field of 0. 45C Steel
Medium and Heavy Plate during Straightening Process and
Residual Stress Analysis

Liu Lian, Ren Yong, Cheng Xiaoru, Li Chunguang, Yin Hao and Zhan Sanlin
(College of Science and Metallurgical Engineering, Wuhan University of Science and Technology, Wuhan 430081)

Abstract The three dimensional thermo-mechanical coupling model of temperature field for medium and heavy plate
during straightening process is established by finite element software ABAQUS. The temperature distribution and change of
temperature of 20 mm plate with initial temperature 520 C and 55 mm plate with initial temperature 605 °C along plate lon-
gitudinal , transverse and thickness direction during straightening process are obtained by simulated calculation and analysis
on 0. 45C steel medium and heavy plate, and the effect of plate straightening initial temperature (20 mm plate 420 ~ 620 C
and 55 mm plate 505 ~705 C) and initial curvature (0.07 ~0.20) on residual stress in straightened plate is analyzed.
Calculated results show that the lower temperature before straightening, the larger residual stress after straightening; for 520
°C 20 mm plate, the temperature of plate after straightening is 505.4 °C and the straightening force is 2 161.69 kN, for
605 C 55 mm plate the temperature of plate after straightening is 589.3 °C and the straightening force is 4 565.49 kN,
their measured values are respectively 507 C, 2 272. 93 kN and 591 °C, 4 397.94 kN. It indicated that the error of calcu-
lated value is minor.

Material Index 0.45C Steel, Medium and Heavy Plate, Straightening Process, Finite Element Simulation, Temper-
ature Field, Residual Stress
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Fig. 1 Straightening-roller layout for plate in hot rolling (a) and finite element model (b)
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Fig.2 Selected position of paths on plate surface
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Fig.3 Distribution of temperature of plate after straightening along longitudinal direction (a, ,b, ) , transverse direction (a, ,b,) , and
of center and surface of plate (a;,b;): (a,,a,,2,) 55 mm plate; (b, ,b,,b;) 20 mm plate
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Table 1 Effect of initial straightening temperature of plate
on average residual longitudinal-stress in middle of plate

20 mm 1R 55 mm
BE/C BN A1/ MPa RE/C FRARNL A1/ MPa
420 16.46 505 54.83
520 16.37 605 38.09
620 10.97 705 33.74
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Table 2 Effect of initial curvature of plate on average re-
sidual longitudinal-stress in plate /MPa

8 g 20 mm # 55 mm #x
0.067 16.37 30.58
0.1 18.98 32.93
0.2 23.95 37.87
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Table 3 Comparison of straightening temperature of plate
and straightening force between simulated and measured
value
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20 520 507
55 605 591

505.4 2272.93 2161.69 4.89
589.3 4397.94 4565.49 3.81
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