55 46 %55 1 10 W g fl %K Vol. 46, No. 1
202542 A IRON STEEL VANADIUM TITANIUM February 2025

ETHTHNF5NMERL Fe,C,
I T P RE 52

~ 3l = 2 >3 3*
PTEFH, & B, SET, &AL

(1. PG TR AR ZE BN TR R, 1LPH FHIR 045000; 2. Jbam B K2z p kR 45 TR 2B, JE 1000835
3. KIERHE AR TR B, v K 030024)

BP0 T AFEBRA A RREEE T B )~ # R RRAR B, SR 2013l g 2 el s i AR, it = [N R 2K
S I A2 G A 17 T35 7 LR, B9 C Bt 23 o AR B XA [ei e E R IR L O RSN o FEAHTR]
() C &AL AT, FIH Matlab FUBEHLMRECE T T 50 AMERL, FERMRER AR EAT 50 DT H .. Geiths IR
S e P PR ) R S 0 DA S B = R A S B S, S 7 o (e DA .l e B ATL I 10 2 005 i
Bk, BEIIHBERTE T AN PR3 X e i 0~ R RE A S M MU, 2531 T ARL T 2 S T SRR R, X R
JRREAT T At

KRR 7018l )37 SR T A A EA s e Al

425 TF76,TF044 MRS A X EHS:1004-7638(2025)01-0184—08
DOI: 10.7513/j.issn.1004-7638.2025.01.026 FigRlZ (FRIRS) FRIRAS (OSID) :

Fe,C, micro-mechanical properties based on response surface
methodology and molecular dynamics

WEI Lixin', GAO Ling’, LU Shining’, GAO Youshan™

(1. Department of Mechanical Engineering, Shanxi Institute of Technology, Yangquan 045000, Shanxi, China; 2. School
of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083, China; 3. School
of Mechanical Engineering, Taiyuan University of Science and Technology, Taiyuan 030024, Shanxi, China)

Abstract: This research is to investigate the mechanical properties of different carbon steel materials at
different temperatures. The simulation model was established by using molecular dynamics, and the re-
gression model was established by the three-factor multi-level orthogonal test and response surface
method to study the effects of C content, vacancy ratio and temperature on Young’s modulus and yield
strength. Under the same C content and vacancy ratio conditions, 50 models were established by using
the random function of Matlab, and each test condition was simulated 50 times. The median of Young’s
modulus and yield limit were used as key parameters of the mechanical properties of the reaction mater-
ials, and the response surface regression model was established. By randomly selecting 10 groups of
simulation experiments, this study successfully explored the influence of different factors on the mech-
anical properties of carbon steels, obtaining a reliable mathematical model of materials mechanical para-
meters, and optimizing the composition of materials.
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Table 1 Design of factors and levels
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Table 2 Experimental design of response surface method
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T/K R/% V1% T/IK C/% V%
1 500 1 3 11 300 1.6 2
2 900 1 2 12 700 1.3 2
3 900 1.6 3 13 900 22 5
4 500 1 3 14 900 1.6 1
5 500 1.6 5 15 300 1 5
6 500 1.6 5 16 900 1.6 3
7 700 2.2 1 17 900 1 5
8 300 22 2 18 300 22 4
9 900 2.2 3 19 700 1.3 2
10 700 22 1 20 300 1.6 2
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Fig.1 Simulation model
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Fig. 2 Stress-strain curves
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Table 3 Average molecular dynamics properties

%5  E/GPa 0/GPa %5  E/GPa 0/GPa
1 152,616  10.961 7 11 205276  12.8755
2 426706  9.9332 12 90412  10.060 7
3 56.319 94425 13 884735  9.72238
4 152,616  10.961 7 14 364433 9.7911
5 168.574  10.848 8 15 205762 122664
6 168.574  10.848 8 16 56.319 9.4425
7 86.3013  10.0222 17 812357  9.5083
8 213773 12.8354 18 220891 124089
9 58.739 94343 19 90412  10.060 7
10 86.3013 10.0222 20 205276 12.8755
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Table 4 Results of comprehensive analysis of Young’s
modulus and yield strength models
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e <0.000 1 0.986 8 0.9799

IS <0.000 1 0.997 5 0.995 6

g o7 0.047 1 0.998 5 0.993 6
=K 1.000 0

54 <0.000 1 0.988 7 0.863 5

IS 0.294 7 0.905 3 0.776 6

© o7 <0.000 1 0.997 0 0.984 7
=K 1.000 0
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Table 5 Variance analysis of Young’s modulus of com-
pressive strength regression model
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Table 6 Variance analysis of yield limit of compressive
strength regression model
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Table 7 Reliability test and analysis of the model
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Fig.3 Young's modulus response surfaces and contour maps
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Fig. 4 Yield strength response surfaces and contours
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Table 8 Verification of the simulation results under dif-

ferent temperatures T, carbon contents R and va-
cancy rates V

} v

W TRETK avRe ke Ort 0GP
1 300 1.9 1 205.1847 13.0851
2 500 1.9 2 156.9726 11.1803
3 500 1.9 4 166.5242 11.0399
4 700 1.9 3 99.7662 10.348 9
5 900 1.9 5 85.770 2 9.707 0
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