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Analysis of Metallurgical Quality and Contact Fatigue Life of
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Abstract: G20CrNi2Mo steel exhibits high surface hardness, excellent wear resistance and superior core toughness af-
ter carburizing, quenching and tempering. It is widely used for railway freight car bearings , large rolling mill compo-
nents and other parts serving under heavy load , severe impact and intense abrasive wear conditions , which impose ex-
tremely stringent requirements on the metallurgical quality and contact fatigue life of the material. This study conducts
the metallurgical quality evaluation and contact fatigue life analysis on ¢$60 mm G20CrNi2Mo steel bars produced via
vacuum degassing combined with continuous casting. The results show that the vacuum-degassed continuously cast
G20CrNi2Mo steel exhibits reasonable composition control , with statistical uniformity exceeding 97% for key elements
such as C, Cr, Ni, and Mo, ensuring consistency in microstructure and hardness. The oxygen content in the steel is
0.000 6% , and the proportion of Al-based inclusions larger than 5 pm is less than 10%. The general porosity , cen-
ter porosity, and ingot-type segregation are all rated as grade 0.5, with no other macrostructure defects observed.
Both the non-metallic inclusion ratings and the macrostructure meet the qualification requirements for high-quality pre-
mium steel specified in GB/T 3203—2016. After carburizing heat treatment , the steel develops a proper hardness gra-
dient and hardened layer, demonstrating good hardenability. The excellent metallurgical quality control enables the
steel to achieve ultra-high contact fatigue life and stability. The contact fatigue life test data were analyzed using the
Weibull distribution , the rated fatigue life L, of the steel is 7. 97x107 cycles, the median life Ly, is 1. 33x10° cycles,
and the slope parameter b is 3. 67.
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Table 1 Chemical composition and standard ranges of G20CrNi2Mo steel %
sl C Si Mn P S Cr Ni Cu Mo Al
S 0.20 0.31 0.55 0.006 0.001 0 0.54 1.73 0.017 0.25 0.024
FREJEE 0.19~0.23  0.25~0.40  0.55~0.70 <0.020 <0.015 0.45~0.65 1.60~2.00 <0.25 0.20~0.30 <0.050
WiH H N 0 Ti As Ca Pb Sh Sn

S <0.000 1 0.009 1 0.000 6 0.000 7 0.007 2 <0.001 <0.000 1 0.000 6 0.000 8
FRUEJERE  <0.000 2 - <0.001 5 <0.005 0 <0.010 <0.001 0 - - -
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Fig. 1 Schematic diagram of in-situ scanning positions for
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Fig. 2 Three—dimensional distribution diagram of chemical composition of $60 mm G20CrNi2Mo steel bar: (a) C, (b) Si, (c¢)

Mn, (d) P, (e) S, (f) Cr, (g) Mo, (h) Ni, (i) Al
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Table 2 Statistical table of elemental segregation of $60 mm steel bar

WiH C Si Mn P S Cr Mo Ni Al
SR wl% 0.219 0.313 0.534 0.008 0.001 0.545 0.251 1.741 0.025
TR AT 1.193 1.049 1.039 1.397 2.819 1.042 1.042 1.027 1.267
S 8% 97.19 98.77 99.59 77.88 60.53 99.73 100 100 87.69
GEiT T 0.062 0.028 0.020 0.1615 0.860 0.019 0.023 0.010 0.143
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Fig. 10 Microstructure of fatigue specimens: (a) carburized layer microstructure, (b) transition layer microstructure, (c) core mi-

crostructure

B Bl 57 URE UGS A MRS - () 9 95100 GRBR AT ) L (b) I 951K G5 ), ()97 GH , (d) 957 #7557
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ing), (c) fatigue raceway, (d) fatigue spalling crater

F4 AENEMESREERESITE C  Mn 32 FBARUE F R £, Si . Cr.Ni Mo Al R

Table 4 Table of cycle statistics from contact fatigue test- — o S
agas| Zagas 3
e he tes s BT o0 O )55 0.000 6% A THRifE 2ok , FL

] 1 2 3-16 BARICER T RAL. WM O F R RITE R AR g
WediAFf/C 45219900 78643200  >100 000 000 % 4 2 v AR A e A, SR ARAT S M 55 A Y

Airde . R, & B 5 il A B T =49 50

o B B B P AT Y 3% T 02 35 245
aal e 4 TR TR A BT 7 B 5 ) 9 9 26 AR BT BE 0
§5°'°' 5 B R C.Cr Ni Mo JE EFEHEM |- 43 195
X H G4 5] B Y0 T 97% , WA 1 2H SURNRE BE () —
#100] M WA T 4 R RS AL X L S B
501 FEPE K o T GO IE
2) 3 4 J e 40 Wy 1 B2 )+ MR A 45 0 2y 2% 51
FEaTS 1x10° 1x10° 1% 10° KIbF GB/T 3203—2016 S B AL TN B bR ifE . Al R
PR ANK FHRF =5 wm (I EB1NT 10% ., 32 42 MR35

P12 3 B e 55 1056 P-N £k

Fig. 12 P-N curve of the test steel in contact fatigue testing

RN R S RELE T UK R 1% 55 4075 405 T4

A 35 75
Dﬁ%ﬁ%ﬁﬁ/%iiﬁﬁfﬁﬁﬁﬁﬁ

RS M Ty 3.67, BB B M 57 5 A I BT (L A e A g 9 e T G L T LR [

(LT 5 T35 95 7 o 0 5 T K 2 o 9 060 4% SR SR

2. 4 ASHRENEMESEHEMN LA JR 3 A B Kb B 3 9 8 2 S B T kR
DB . G20CrNi2Mo MG it #2 Fa @ Mty .



144 FEIRIN

547 5

4) BRI VB PR BE S DR UE B )2 5 0
T2 B 3 A B8 A0 R R R S TR A A2, A Rt
A sy U1 1, B 1R R Z R
3 it

RS X 25 S+ 55 T 287 1 660 mm
() G20CrNi2Mo BRI ' T 16 4 i 12t 5 B2 fl )i 55 77
T, SRR ZNAER R Eld B TR

&% 3k
(1] #erds, BhF1E, B %2, 5. Bk sm il R i R 4141
RN 71T R[], G AL, 2025, 50(12): 1-10.
(2] £ W81 88 2,5, BUREIBTE IR KOk s .
A 42, 2020,30(9) : 119-128.
(3] 7 U, B4 Ak, A5 . TR SRR G 4 Ui 5 9% 57 M g
IR Bz e i R A ke T 11 (). 42 ) % 4l , 2020, 56 (4)
513-522.
(4] W3ca, ay W, TAFT, 45 o o R 8906 6 P i PR AR
BUR B R K TT 0 1], Rk, 2021 ,42(1) - 1-10.
(5] Z=ME, T, fifpid , 55 . [ MR B B BLIR 5 K e a3
[J]. MIERBTIE2#4E,2016,28(3) : 1-12.
[6] %% . G20CrNi2Mo 9 11 £ 4 41 1k 8 2 5 BT 98 55 HIL 1) A 52
[D]. ZEELE LR, 2024,
(7] 5REA, T 75, BAREE AF . B FRIR R G20CINi2Mo B4 7 B
B HER R 19 R FARFSE ()], FR9ER ,2025,31(3) : 48-50+66.
[8] MONNOT J H B, COGNE J Y. Relationship of melting practice,
inclusion type, and size with fatigue resistance of bearing steel:
[J]. ASTM Special Technical Publication: Effect of steel manufac-
turing processes on the quality of bearing steels, 1988, 1 (1) :
149-165.
(9] KA, M, AHER T, 55 . TSR ) 2 B B0 R R
RSN HA BB A1), TG4, 2025,35(12) :79-90.
[10] HEAEFT . G20CrNi2Mo ¥ B Al R B S (4 21 5y 2 Pk REBIT 52
[DJ]. PEMH: PEPHEE TR, 2022,

CUL] v el o A8 B DY 2 . B B A 7 - GB/T 3203—2016
[S]. dbxt: hEpRHEH R, 2016.

[12] £ 8,80 % bk, %5, 12Mn 80 % 5 M09 JF A 545
AL 45T, 2019,39(3) : 1-6.

[13] X5ile , B8 il B 2,5 RROT mil & it i i Jai s

Btk e Zu il MR AE L2808 B s e Ly
T HIOL R, J0 IR AR AR A 4205 2 AR /N R
e 2 YRR AE 2 AR AR A b 57 FR A i oG, IR
0T Y 25 B R 1A b EL A e 4 Al 55
A AR E M, 28 AT 2K 43 A A BRAS B2 R
% 57 7740 Ly M 7.97x10" K, HAE FF iy Ly, M 1.33x10°
WL RERSHb J 3.67, MBI 32 il % 57 77 e 4K L ARt
TR

SIBTRAELT]. 43T, 2025,45(5) :1-10.

[14] T AGME . JEAL S8 T 43 A 43 BT 16 A5 12 25 ) H R BE JEE 449 45 1
J37 A RE VRO R AR [T 4 e, 2019, 39(12) -
16-24.

[15] 2= ZE. AR e 0y ot il 7 A0 8 S 4 Ml 02 5 75 i F) 5% i F
FE (D], ZE L IR, 2023,

[16] #h e, Bk v, f7 U, %5, B SRR T e Je W 5 TR B
i 55 A A C AR [J]. 42 lm oIz, 2020, 56(5) :693-703.

[17] XUHGZE. G20CrNi2Mo fili R 89 it 4 2 S PERERFFELD ). RIH : AR
JLR=#,2013.

(18] el B R A A A B 5 2 . A VACZs M 18 AR i VA K 3 12
(Jominy iX5) : GB/T 225—2006[S 1. Jbat . A EFRME T AHE
2007.

[19] CaoZX, ShiZY, YuF, etal. A new proposed Weibull distribu-
tion of inclusion size and its correlation with rolling contact fatigue
life of an extra clean bearing steel[J]. International Journal of Fa-
tigue, 2019, 126: 1-5.

[20] mife e ZBTE TS 5. G20CNi2MoA H (42 fil 5% 55 77 i
LBRIEREL)]. R, 1996(2) :23-26.

[21] v AR ] 5 S RS 28 B 2 . TR R B R
PRI 1%  TB/T 10510—2005[S 1. Jb 50 HLAEL Tl Hs ikt
2005.

[22] T+ 3,304, BRI ER AR GCrl 5 1R s fil g%
FEPLEIBTSE (1], FPERH9,2023,44(5) :113-120.

(23] 28 BRHTHE , X408, % . GCr1S RIHRVR 21 ful g 25 3 56 9%
55 RBUEE ST ). ARG 4, 2025,47(3) :44-47.

[24] e N RSLFNE Tl R BALEE . Rl 2R %
7 AL TR AR S A TB/T 8881—2020[S]. b mt: ML Toll i}
JiAt, 2020.



