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Abstract: To investigate the influences of cementite on the mechanics properties of the matrix and the
initiation and propagation of microcracks in 8CrdMo4V bearing steels, molecular dynamics models were
used to systematically analyze the effects of cementite’s geometric parameters (such as shape., size, and po-
sition) on crack initiation and extension mechanism. And combined with cohesive force theory, the charac-
teristics of interface crack propagation were studied. The results indicate that cementite significantly en-
hances the mechanics properties of the bece-Fe matrix, with smaller cementite particles providing a more
pronounced strengthening effectiveness. While the shape and position of cementite exert a relatively minor
impact on overall mechanics performance, sharper inclusions accelerate crack propagation, and the position
of inclusions determines the crack propagation path. Furthermore. interfaces between the bee-Fe matrix
and cementite, as well as twin boundaries with larger misorientation angles, exhibit increased resistance to
crack initiation and propagation.
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rameter
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Fig.1 Tensile model of 8Cr4Mo4V bearing steel

material
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Tab.1 Comparison of bee-Fe elastic constant

calculation and experimental values

BOPER R | BREGTEAE/GPa | SIREN/GPa | MR
Cu 244.3 230.0 6.2%
Cp 145.3 135.0 7.6%
Cu 116.3 117.0 —0.60%
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Tab.2 Comparison between calculated elastic constants

of cementite and DFT values

BAOMER R | BRBOTE/GPa | DFT™/GPa | AR5 2
C, 383.4 388 —1.2%
C,, 349.5 345 1.3%
Cys 304.5 322 —5.4%
C,, 45.3 15 -
C. 125.8 134 —6.1%
Cys 118.6 134 —11.5%
C, 129.0 156 —17.3%
Ch 155.1 164 —5.4%
o 156.2 162 —3.6%
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models during crack propagation

&l 13a Jit 7% S} WG Fft bee-Fe {1 HE 51 9 85 5
Il o 22 fll bee-Fe B ] 2 2-[100] . y-[010] | =-
[001 ], £ fill bee-Fe Bt Ky 2-[ 011 ], y-[ 0—11].2-
[100]. 4 e=0.054 1, i b 1 2480 B A 0 B T
e TP OL B JF AR O SR 0 T RS R G, B0 v
U %2 HE Fee AHAR o (B A9 1 20 04 2 AR A8 X 3 4 4k T
e AN A P 315 B A 0 1 o A ] A R
NTFEREGRERTFHEE. M6 A K5 0.064
B B 25 7 77 B4 388 i mT LA Sk X0 3 4 0 1 s R
B 1) D 8 A 0 A v 3 (110 ) TR TS L T
Fec #HAE X, 1L B 24 S0 0 388 7 0 A R 8 A

- 2185 -



REALE TR S8 36 B 2 10 3] 2025 4F 10 A

R A PRI . 24 e=0.075 BF . 22 AR
Fec HAE I i — B K O LW 2R 1T
S, A A A b AR 2 T g R D
(110) 1 8 # 2 LB Fee AH AR X, 3% 22 B 45 1)
bee-Fe 1 I 1a) 76 F i if #8 rp AR 47 T S8 47 9 4544
FoEtE RB S L8 ay Rae ). [, R
LU e i) ah PR R S o BRSO
J P EHEUEAT  RIITEZ RAE TR L A4k ) 98 1 AR
T 5 L3 3k T A 1 B B SR T

&l 13b Jr 7 K bee-Fe 2% iy S 1 76 B AR i 72 1)
LT e b R AR A B, G b O A S AR
5 f1 a=35". 24 e=0.060 I}, fis Ft 5 24 50 9 it
7 AR B o SR IR T RS R AR D i Fee M
H Hep #H¥G A% . Bl A I 7 0 3F — 2546 5K, I A2 5]
ik 0.080 B}, 7E 2480 F Jr Al LA W] b WL ¢ 39 (110)
AT ¥ B 1 7 A R Fee AHZE X, T 78 24 80 15 Y
T f AR R A B I8 B Fee #H 5 Hep #H 2
B HEAT 1 AH AR X, 3K 5 1 S0 i MR e Z A v iy
D 0 2 AR, 15 B b Ak 18 KL 9 HL A B0A R P
J&. e=0.090 5, 0] L& ] LI 2800 —y J7 7]
PR AR AR B — 20 K ki — 2P T
A 43 AT 45 18 1 1E A 1

& 13c At N B AR 5 bee-Fe XU 5t 18 7 fif
b AR AL B AR 22 SR B R AR LS L TR IR
J& FH UL A 3 Rl HE B 45 K . IR I AE Ovito 5k 4R
CNAGHrh 2 KA F . 2 e=0.041 5, f
BLAE ) bee-Fe fi iR L0 & Fee MH7ZZ , B W )
(3800 24 e=0.056 B, fib St J&] L J5E A1) 9 % IX 3

AR K. 5 SR AR R R ] Y 2 R A X
N2 B v T 24 S0 ity T T 2 80 it JE A T A
R ¥ Mo A R S B 9T H R IV G AE «
D7 1) X AR HEAG T i AL Y, 3 B IS R AL
9 R I AN 2 i 2 B0 b & T 1T 2 7 24 B0 ity
(AR 5 43 390 56 7= A B i LI 2 05 T A S B
wE 13 H @ F R

P14 43 B 45 T 3R N A R 7 S 0 i i
T v 34 AR B 20 B S 389 SR AR g Uy il Y
AT . Hoh  BERLR  a OR R R
Onm, M 14 5pal Lo G A HBE 28X s, J)
JEL o7 B A4S TR v ] (10 nm 22 A7) B IX AR 18
6 BB o 1 A RS TR B AR R ) X, EL R R AR
B U H R S RGO R R 5 R B N
HE— 2 BRAK . 7 T P it 1) 51 ) 0L ot L T ASE 6 v
i A L YR AR B 3K 0.064 2 5 . R EUF IR YT
J& AN &l 1da T 7R 5 I 28 250 76 ) 2] 458 78 3 2% 1)
P49 5T I8 7 (e AR R 2 i 17 A% 36 in 81 0.075 11 &
A= AR AR A TRAR R 7 X 38 43 591 )+ y R —y [
B B P G K 3t 15 B Ik R 4 U A 1 1)
P19 R 0 S AT [R] . 12 R R AR BT BT 14e
Bk 5 bee-Fe XA S AR R b, X502 2 fik {4
5 bee-Fe X A1 h 2 80 e 49 5k, HAF 3R
T S . T 14b 25 (a=35") FL I A
AU Bt 5 78 (8 35 K, —y O 1 CF 5 ) 19 1 3 {3
% U R B X A Jr R Y AR T AR, [
A DLW EE B 7 I 37 B 0~5 nm 2 [A] X H Bl— A4
V7 3 WAL, 3 R RE 2 el T AR LD S
SEHM.

) 191
14 — e=0.054 — e=0.060
------ e=0064 .. - -~ €=0.080 .
€=0075 pfnet g 7~ - e=0.090 ‘,_».«w—“"”""’
4t S !
= /
L | 3 L S, L ' 7 L L L '
15 20 0 5 10 15 20 0 5 10 15 20
JAFLE s/mm JEFALE s/mm JEFALE s/mm
(a) T s I I 270 P 5 S v (b) 2= (a = 35°) FLii () B bee-Fe W A4 AL IHT

E14 3MUREMERYGY BRYEHREFRBEAOSM

Fig.14 Average atomic tensile stress distribution of three twin crystal models during crack propagation
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Fig.16 Cohesion-displacement curves of three twin crystal models
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Tab.4 Cohesive parameters of three twin crystal models
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