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Composition Segregation and Contact Fatigue Life of
GCr15SiMn Fabricated by Round Billet Continuous Casting

Yu Feng'?, Chen Xingpin', Du Songlin’, Wang Cunyu’, Wang Kaizhong’ , Cao Wenquan®
(1 College of Materials Science and Engineering, Chongqing University, Chongqing 400044 ;2 Central Iron and
Steel Research Institute Co. , Ltd. , Beijing 100081;3 Ma’ anshan Iron and Steel Co. , Lid. , Ma’ anshan 243003 )

Abstract: The distribution of C, Si, Mn and Cr elements in cross sections of ®450 mm continuous casting round billet and
@130 mm round steel of high hardenability bearing steel GCr15SiMn was analyzed by original position statistic distribution
analysis ( OPA) and borehole chemical analysis. The contact fatigue life of the material was tested by the thrust plate con-
tact fatigue testing machine. The results show that the segregation tendency of C element in bearing steel GCr15SiMn con-
tinuous casting round hillet is large, and it is easy to produce center positive segregation, while the segregation tendency of
Cr, Si and Mn element is small. The central carbon segregation in casting bloom was improved by adopting stable low su-
perheat casting and three — stage strong electromagnetic stirring. After (1 240 +20) °C x5 h high temperature diffusion
and large deformation rolling with primary pass deformation =90 mm, the carbon segregation of ©130 mm round steel can
be further improved. The rated contact fatigue life Ly, of the test steel under 5.3GPa high stress load reaches 3. 58 x 10°
times, which is close to the level of ESR steel.

Key Words: Round Billet Continuous Casting; High Hardenability Bearing Steel; GCr15SiMn; Composition Segregation;
Contact Fatigue Life
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Table 1 Maximum degree of segregation of the elements in

the CC round billet sample
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C 0.988 (12.47,6.00) 1.618
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Mn 1.106 (65.27,1.98) 1.117

ORERBERFEXENLC,,C, ] M TTHRTEE S & X
H:S=C, -C,/2C,, Hir,Co N B ffE,C,
C, AR50 A B B3 K A L PR T RS, TR
HrE B RAT BE L O3 GeiH R B (R K, TT %
MR R 2 A, AR S T K



- 16 - RN

H43 %

F2 BRREREPHRITER
Table 2 Statistical results of each element in the samples
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Table 3 Processing parameters and carbon segregation test results of continuous casting round billet
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11 1.00 1.67 0.03
12 0.98 133 0.02
21 0.97 1.28 0.04
2 0.97 1.07 0.04
23 0.97 1.29 0.03
24 0.97 1.50 0.02
25 0.97 1.32 0.06
26 0.97 1.14 0.02
31 0.97 1.03 0.06
32 0.98 1.00 0.04
33 0.97 1.07 0.04
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Table 4 Carbon segregation test results of rolled round
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Table 5 Chemical composition of two test steel/ %

e C Cr Si Mn S P 0 Ti
[B] s i 0.98 1.45 0.61 1.12 0.001 0. 006 0.0006 0.0019
ERL i 4 0.95 1.57 0.58 1.10 0.005 0.014 0.0016 0.0020
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Table 6 Data processing results of contact fatigue test
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Table 7 Statistical results of inclusions in two test steels
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Table 8 Statistical results of brittle inclusions in two test steels
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Fig. 11 Morphology and energy spectrum of Ti( C,N) inclusion
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Fig. 12 Microstructure and carbide morphology of fatigue samples: (a) microstructure of round billet continuous cast steel; (b) car-
bide of round billet continuous cast steel; (¢) microstructure of electroslag steel; (d) carbide of electroslag steel



+20- RN

H43 %

(3) % F 3% 9% 18] 20 5L 0 A RHLA% 13 49, a8 i
(1240 £20) C x5 h HiRY B AL EBERKER
=90 mm BRAETE LRLHI S Ao T L2, wl LA
— B BGE PR R & B PO R T

(4) #efihpz 7 F7 i i 96 3 B, B0 0 8 0 50 V4 o8

Sk
[1]ZRME, F ), ik, HHNMARMNIRS RREE
[1]. WAERWFES41,2016,28(3) :1-12.
[ 2] firle, BROGSY RIS AE. BB ARG G 5 &5 5 07 Pt AR FRIR
s mispm & e (1], $ a5 ,2020,56(4) :513-522,
[313F %45 &LEGNE, 5. BT GCrlS S Ay b i
FEatisgnm 1], HEHR4,2020,30(9) :67-74.

[417eme80, 3 ¥, REYE, %, GOrlS SRMES H IF S s His
e IR FE T oA AT [ 1] 14243 ,2018,38(10) :1-6.
(5] 22k, RS, 23 5, GCrlS & 5 P O B R BT B4 BT

ffgEl 1. Bl 4:,2017 ,45(1) :10-13.
[elx |§,5 3 iGdkE, %, GCrlS Sk i b ok Wik w7 7B
TR R — s HRELRUETE L], 1855 ,2015,40(5) .7-14,
[71hmert Ao, ) 22,45, 350 mm x 470 mm IR IE KL
HREAEEE AR )], P ER42,2015,25(2) :10-14.
(81 RHFILL, PIAT I, A4S, 45, GCr1S Sl A% 55 10 22 DL AR i BT 18
FeAHET]. PREIGS,2008,18(7) :19-24,
(9120 /M0, Bk, gkt %, 25, 3845 T2 S 800 40Cr (B3R 5% bt
i 1]. hEG4 ,2020,30(6) :97-102.
[10] 2RI, B K. ®800 mm [ L 45 = T H M4k I].
4 ,2018,28(4) :53-56.
[11]3]  f5. 100t EAF-LF-VD-[R] 3 #5574 fH ik 2 I AL
SI4145HM 9 T2 9:8 [ 1], Frak4d, 2018 ,39(4) ;28-30.
(121 &, B2l 3 #, % W0 8 120 MoV A p= sE
[J]. HhEE 4 ,2015,25(4) 149-51.
[13] RMk, 480, R AT, % BRE% T LMk warE 1],
M4k 2008 ,43(8) :31-34,
[1414h R 75 AR A R ©600 mm (B ER o0 A A 4 B

----------------------------------------------

PR AR E GCr15SiMn 7F 5. 3GPa & L ) T faf =4
I HE A 55 B FF i Lo 3K 3] 3. 58 x 10° K, $E T H
AR . Hom Al BE, DL S it 56 10 A0 (5] 99 5 23
P A , (0 i A U RR AL S SIS, ek AR
T FE R 57 77 A RO KB

BB AT )], 745 ,2016 ,41(1) 4043,

[15]F 88, # 0%, 354 GCrlSSiMn fliFRM ©400 mm ik T F
R[], RERIf 42014, (2) 14143,

[16] EEA", &4, 100 t UHP EAF-LF-RH-CC Jif4: 7= GCrlS i
AR SRR ], 45541 ,2013,34(6) :3941.

[ 17 ]Hanwei Fu, Jakub Jelita Rydel, Adam M. Gola, et al. The rela-
tionship between 100Cr6 steelmaking, inclusion microstructure and
rolling contact fatigue performance[ J]. International Journal of Fa-
tigue, 129(2019) 104899,

[ 18] GB/T 24213-2009. 4 Ja i Ge -4 A3 40 7 i@ i [ S 1. JEat:
P [ il L ,2009.

[ 19 T Z AL A% 4Ky St LR 5 2 R By R B s B R TR
[ D]. b5t dEatREpR A 2018,

[20] 0 0 78, & B TZLSHO0E sl R s R B i b i 52
Mgl J]. $%k,1999 34(6) :22-26.

[21[fikE 4, % 4, R 55, 5. GCrlS BlR W HE AR ity O et i
FELCL. S Jum P [E B R AF 228004 , 2013017,

(22 | WRam . 3 P B0 2 WA AT B4 IS [ D). bt Skt
b, 2019.

[23]7h e, Bk 30, a7 o, % M IR RR I e e SR
g S5 AR R ], S B4, 2020,56 (5) :693-703.

[24] s, BRI, UF 38, . 08 B T 2% GCrlS i R e % 75l
HESPERER [ T]. 8k ,2018,53(11) :85-92.

[25] JRWERS e glet, 4 %, 55 FEZS IR FE X GCrl5SiMn 47 R AR ¢
A A T s [ ] . 48k, 2015,50(6) -87-93.

(26 Vi 7e , JNERS , & 304, PO FRARAE RS GCrl5SiMn 41
PEREAIE IR )] . RRRTSES4] ,2015,27 (7 ) 168-72.

-------------------------------------------

R &S :38-183

o o o

e e e e e e e

iiTH) 2023 F(H )2 3
L EZHERFHIA AT R ( FIAKIT ) ,
FEHr:25.00 o/ 150. 00 Jo/4

Motk - WAL B BA T B A KIE316°S  RIR R BB PR A F CREBR ) AL n

B :0714-6297386 6297313 6292935

il 2 -435001

K
————— =




