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Molecular dynamics simulation study on the
tensile behavior of FeC alloy

Li Jiajun', Sun Miao’, Wu Huijuan', Lii Shining', Gao Youshan'", Wang Aihong'

(1. College of Mechanical Engineering, Taiyuan University of Science and Technology, Taiyuan 030024, Shanxi, China;
2. Taiyuan Heavy Industry Co.,Ltd., Taiyuan 030024, Shanxi, China)

Abstract: In order to investigate the effects of temperature and strain rate on the micro-mechanical
properties of FeC alloys, molecular dynamics methods were used to simulate the tensile properties of
FeC alloys. The stress-strain curves of FeC alloys at different temperatures and strain rates were ob-
tained and analyzed, and the data was processed using MATLAB. A mathematical model was estab-
lished to predict the elastic modulus and yield strength of FeC alloys calculated on the basis of temperat-
ure and strain rate. The results show that the maximum absolute errors between the simulation and the
prediction values by the mathematical model of elastic modulus and yield strength are 2.680 GPa and
0.079 GPa, respectively. The maximum relative errors are 1.680% and 0.737%, respectively. The math-
ematical prediction model can effectively predict the elastic modulus and yield strength to a certain extent.
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Fig. 2 Stress-strain curves under temperature effect

2.3 AR

3 A a5 ELAS B Y FeC & 4 78 AH [R] 1 A8
RANERRE R R ARk . HHRRE T, bEE
AR SR K, SRR B AR T A /N, i IR
N IBVE By B A 0 AR DA S T a4t i | DRI SR oy AR 25328

B, 3R R T AR SR T A AR S Bh A
AR A 13107 ~ 1x10™ s SO i FE A9 157 A7
AR 2T LA i, 72 AR S80I, BB B 1
TR N PR S 0 O AR R A R T I 2 R )
K, AR Al B

(a) 300 K —aes (b) 400 K ——bars (¢) 500 K ——rars (d) 600 K —=— s
» ——5x10°s ! » —e—5x10°s ! o —e—5x10°s 2 —e—5x10°s !
e 1010 g7 —h— | x]0" g ——x]0" 5" —h | x]00 g
& 1 S CLES I 1 —T—5x100s| o N —T—5100s"| o 15 —¥—5x10"s"
9 ——1x10"s | Q ——1xa0tst| 2 —— 1105 @ ——1x10" 5!
=10 =10 =10 =10
2 = = )
5 5 5 5
0 0 0 0
0 02 04 06 08 0 02 04 06 08 0 02 04 0.6 08 0 02 04 0.6 038
20 20
*f (e) 700 K s (f) 800 K s (2) 900 K o
—e—5x10’s" —e—5x10’s" —e—5x10°s !
15 —h— X100 g 15 —h— X100 g 15 —h— | x]Q10 !
g —TsA0tsT| g —T—s5x100s| o ¥ 5x10" 57
ST —4+—1x10"s'| 2 10 —+—1x10"s'| 2 10 ——1x10" s
= = =
5 5 5
0 0 0

0.4 0.8 0 0.2

BAE

0 0.2 0.6

0.4 0.8

0.4 0.8 0 02

AR

0.6

Bl 3 FeC A&HERNITZRAERE TR /153 i 2k

Fig. 3 Stress-strain curves under strain rate effect
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Table 1 Statistic results
K E/GPa Q/GPa
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1x10°s™  5x10°s" 1x10"s" 5x10"sT 1x10"s” 1x10°s™  5x10°s" 1x10"sT 5x10"sT 1x10"s”
300 207.165 212.584 213.059 211.881 213.066 13.478 13.589 13.696 13.890 14.041
400 195.880 197.963 198.091 198.596 200.514 12.155 12.369 12.458 12.705 12.879
500 186.006 186.347 185.781 185.427 188.833 11.102 11.320 11.400 11.657 11.834
600 176.817 176.904 174.907 174.036 178.773 10.227 10.398 10.532 10.739 11.034
700 168.936 168.354 165.489 164.826 170.282 9.344 9.578 9.595 9.908 10.297
800 161.087 161.185 158.769 158.424 164.841 8.525 8.591 8.764 9.258 9.354
900 153.050 154.258 151.722 153.005 159.754 7.708 7.934 8.037 8.498 8.908
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Table3 Error analysis
E/GPa o /GPa 5
09 g hn maE DM S o
1 203.395 204.518 -1.123 —0.549 12.811 12.806 0.005 0.039
2 192.23 190.738 1.492 0.782 12.205 12.233 —-0.028 -0.229
3 176.21 176.098 0.112 0.064 10.793 10.714 0.079 0.737
4 162.192 159.512 2.680 1.680 9.538 9.524 0.014 0.147
5 160.003 160.439 —-0.436 -0.272 9.218 9.199 0.019 0.207
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