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Calculation Model and Evolution Law of Temperature Field
and Phase Precipitation along the Entire Line of Cold
Heading Steel SCM435 High—Speed Wire Rod
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Abstract: Cold heading steel SCM435 high-speed wire is easy to undergo bainite transformation in the cooling stage. It is
very important to explore the temperature field and phase precipitation process in the Stelmor air -cooling line for the qual-
ity control of the final product . By establishing the finite difference equation of temperature field, heat transfer coefficient
model and phase precipitation equation, the bridge between the rolling production process and the rolling piece tempera-
ture and organization relationship is built, and the calculation of the temperature field and phase precipitation evolution
law of SCM435 rolled cold heading steel is realized. The calculation results show that the initial billet enters the rolling line
at a temperature of 900 “C, with an opening surface temperature of 854 “C and a surface temperature of 710 ‘C when enter-
ing the spinning machine. The temperature difference between the core and surface is 41 C, and the maximum tempera-
ture drop through water is 234 ‘C. During the cooling stage of the air-cooled line, the phase precipitation curves under two
different cooling conditions were calculated by adjusting the opening and closing of the insulation cover. The results
showed that slow cooling can significantly promote the precipitation of ferrite and pearlite while suppressing the precipita-
tion process of bainite.

Key Words: High-speed Wire; Temperature Field; Phase Precipitation; Finite Difference Equation; TTT Curve
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Table 1  Chemical composition of cold heading steel

SCM435 %
C Si Mn P S Ni Cr Mo Cu

036 0.19 0.77 0.007 0.005 0.02 1.02 0.17 0.03

A9 16 R4 160 mmx160 mmx9 000 mm ,
FnBR IR BE A 900 °C, 48 20 38 U FL I e & 5L
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WA, Z1 8 Z13 B K E R 9.25 m, 214 K
JEH 13.15 mo 3RIEHEH 6~120 m/min,

B R A FLER TR i R, Ho B 1(a)
SR ELH B IR S AR . AR LW B, FLA R
JERE I RN S R AR AR AR T LA, e B G A
FE T80 LA EARRIIAE T (2598 FLARFZE A A
ZEIREHD) IR R B L R ELHI B BE R IR . 1
TERVIRSE A RIS B KA S5 A
RESH B SHE  Z e T AN R Y B il 43
DLELAR B 28 5 W B 35V Ry S I U, K 15 4% (I
R CELOL KA Rz 28 5 AR E VR N — A2 B By
B RSB B ry L R T IR B ) R 2



" 56 5 R W

546 45

®2 HMEERIZSH

Table 2 Rolling mill equipment and process parameters

Bl WK% R E A /mm ifL(fjl'Jﬁ%’
1H 129.03 650 0.217
2V 130.01 650 0.283
3H 139.08 650 0.393
4V 137.97 650 0.542
SH 136.68 650 0.741
6V 135.33 515 1.003
TH 134.07 515 1.345
8V 129.14 515 1.736
9H 135.81 435 2.358
10V 132.45 435 3.124
11H 133.73 435 4.177
12V 127.87 435 5.341
13H 126.98 435 6.782
14V 125.94 435 8.542
15# 120.89 247.37 10.327
16# 121.56 247.37 12.553
17# 120.81 247.37 15.165
18# 121.48 247.37 18.423
194# 123.00 247.37 22.659
20# 123.48 247.37 27.980

P I A58, 0 P 18] 0k 2 8 T B3 I 20 5 B S 4%
AT BEA UK Ak, 78R A — A~ Br Be i, 1 Jod o 22
o377 REARE R 2R AF A2 TR B B IR ] 2 AcRn s
125K Ar, DA O I 20T S5, S W2z st 20 57 - Wi

(a)

YEHAB Y
BBkl r: HBTBORE. B i
S i, gk A e, 82

| meispkar. sem kards |

N P,
W 1A R
B A A R
F

A B RIE TR B e R B, Z SRR AH
PR 25 43 07 B8 DUS B 1) 3R TR AT AN ) 28 ] A0 K
A [R] 25K TR B SR . DA — B Z0 I8 AR 4
AR AR S DL R BROR AR R R — B 20 AR
LA SR AR SE A LA B B o L B f s i )
Rk B 4% 1A A R 0 2 2 P R A7 RGPS 2 T B 3 R A
HRATEE, WE 1 (b) iR . fETHRZ 00, i e
B 7 FLAE P R ZE AR RO AA RN DL ECAAR 19 I B AH A2 i
B MR AW TR E TR R AR, 5]k
AR J5 , Se A MR SR B AR W, B
VIR AR i A AR T I DL RO B b AR U ST
5 2 2 B T RIS 2

2) I

P 2 S Ve BB SCMA435 BL 2R BE AT AR BE X8
LTS R . N 29 o] DUE R
7900 CHyERHIE AFLER , 2 bR e M LSS —iE Ik
FE0H I A 854 °C, LSS — 1 R 3R R E R
822 °C, THURS L AR — 8 YR ML by 744 °C RS FLER
—IB R E IR R 710 °C, 2235 R 707 CL
2R 41 °Co IR JE A £k (SR ih 26) v]
LA W 25002 SLAR AR AR i R b, b i
AT I B 2 DO T B, Hevp K 2 KR B e K
TR TT 35 234 °Co IO B /N6 B U F 5L
il ok e e 5 2L 1 A Al g AR D R AR T PN R A [

b e
é
SXf. Xp. XbiJBF0
2

TzA3 Q=0
5 é
ol

A1sT<A3

[T

| B Hn i Heds R
B s A R

BT R R () SL A BE B W R, ()W S BRI A A AS R & 3 S

Fig. 1  The calculation flow of temperature field : (a) the calculation flow of temperature section of rolling section, (b) the coupling

calculation flow of temperature field and phase change of cooling section
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Fig. 2 The results of temperature field : (a) temperature field curve of rolling section of SCM435 cold heading steel, (b) air cooled

convection heat transfer coefficient and rolling speed, (c¢) bar chart of heat transfer coefficient of core equipment of main rolling line,

(d) bar chart of internal heat source of deformation of each rolling mill
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Fig. 3 Cold heading steel SCM435 TTT curve
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Fig. 4 Temperature field and phase transition curve of air—cooled line :

(a) temperature field curve of fully open air cooling line of in-

sulation cover, (b) phase precipitation curve of fully open air cooling line of insulation cover, (¢) temperature field curve of the air

cooling line of the insulation cover, (d) precipitation curve of the air cooling line of the insulation cover
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