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Fig. 2 Curves of thermal conductivity, density, enthalpy, solid fraction, and kinematic viscosity with temperature change
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Tab. 2 Specific values of microhardness for each sample in
Fig. 10

Ao WElEL WEtE2 WEtas Milas Wila s SFE

0 292.5 337.1 276 288.6 299.7  298.78

1 320.3 334.2 305.5 302.2 299.7  312.38
2 297.3 277.4 369.4 326.7 303 314.76
3 327.6 334.2 308.9 358.5 336.1  333.06
4 313.2 333.2 329.4 327.1 3523  329.04
5 307.2 3511 353.2 313.2 306.3 326.2
6 319.4 303 319.4 355.3 301.3  319.68
7 328 334.2 320 296.5 318.1  319.36
8 296.5 318.5 331.3 315.8 308 314.02
9 302.2 322.1 300.5 306.3 297.3  305.68
10 323 3123 298.9 323.9 298.1  311.24
1 322.1 306.3 354.2 308.9 3072  319.74
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Tab. 3 Specific values of residual stresses along the X
direction for each sample in Fig. 11

o A7

FRA I F1IMPa IR
0 662.98 68.12
1 462.98 95.18
2 216.27 133.64
3 110.2 51.53
4 -75.41 277.42
5 -177.3 63.67
6 -199.46 42.18
7 —-285.96 146.68
8 114.8 215.53
9 279.78 198.91
10 -193.23 100.23
11 -322.87 98.45
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Tab. 4 Calculation of phase ratio in continuous casting
billet based on metallographic photos

- %
ik YOtk
0 35.1 64.9
1 38.51 61.49
2 39.4 60.6
3 43.12 56.88
4 39.4 60.6
5 39.86 60.14
6 26.42 73.58
7 27.04 72.96
8 23.8 76.2
9 18.2 81.8
10 18.08 81.92
1 19.91 80.09
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Tab. 5 Grain size at different positions of continuous
casting billet
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Tab. 6 Error analysis of solidification structure simulation
results and grain size test

ok R um
- HA 1R 251%
HIRIZE il
0 99.4 113.2 12
1 88.3 99.6 1
) 83.6 95.3 12
3 76.3 743 3
4 69.5 58.4 19
5 57.6 46.2 25
6 492 50.3 2
; 36.3 44.3 18
8 29.6 39.1 24
9 223 20.3 10
10 16.9 18.4 8
" 26 8.01 5

(hA=H miREEE

6.8
6.5
6.65
6.17
7.56
7.44
7.57
7.34
7.8
8.2
8.08
8.01
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Finite Element Analysis and Experimental Study on Continuous Casting

Billet of 18CrNiMo7-6 Steel Gear

LI Hong-ge', YUAN Bo? SU Ming®, BAI Hou-yi*, CHEN Xiao-jin*, FENG Hou-bin', DAI Xian-wu', HU Bing"
(1. Chang'an Wangjiang Industrial Co., Ltd., Chongqing 400020, China; 2. Institute of Intelligent Manufacturing Technology, Shenzhen
Polytechnic University, Shenzhen 518055, Guangdong, China; 3. Institute of Metal Research, Chinese Academy of Sciences, Shenyang

110016, Liaoning, China)

Abstract:

In this paper, the steady-state simulation of the continuous casting process of the 18CrNiMo7-6 gear steel
billet was carried out by using the ProCAST large-scale casting simulation software. The continuous casting
process was controlled through an external program in C language, and the changes in process parameters
were simulated. The distribution of temperature field during the continuous casting process was simulated,
and the reasons for casting defects during the processes were analyzed. Subsequently, the circular continuous
casting billet of 18CrNiMo7-6 gear steel provided by a certain factory was used as the raw material to study
its cross-sectional microstructure, hardness gradient distribution, and residual stress distribution. Finally, a
quantitative relationship between smelting process parameters, microstructure, and mechanical properties was
established, and possible optimization approaches for the casting process were summarized and discussed.
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