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Abstract

At present, the main failure modes of high-end bearing products used in high-speed railways,
large-scale wind power plants, and rolling mills are rupture, spalling, and contact fatigue. These
are closely related to the metallurgical quality of bearing steel, especially the oxygen content and
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the level of non-metallic inclusions. In this paper, the research progress of bearing steels at home
and abroad is summarized from the aspects of the types of bearing steels, the main factors affect-
ing the cleanliness and the development of production technology, etc. The methods of process
optimization, the control of inclusions, carbides and chemical composition for high clean bearing
steels are summarized.
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HHAR R & SRR, 21 LISk, BRI EARAWIHED , 847 80 b %o il 2R 0 R b Rk
HZI[1]-[6]o FARZ N AT LA FEEVUR. B8 w& 5 B &S HE RS YA K. mk
BN A RS 2 AT 7] [8] [9]. R EZAH W AN ERE . RANR(EFERER. WHEEARED, #2
AN . Rl TAEMISE RN, EEZ BN 1. K. B9 RIEE B S5 Fpse B N 1y, Rk
i 7R A B A R v ELSB) S R B, R (R S 1 R e YRR R, PR D PR RE AN R PR T . Bk
XA FH PR R S AN R B SR a3 1 FTo[10] [11][12]. FTLL, H BT S0 KR mias 1 R SR A i v
TR SR, SR E & i AN B A e il K

Table 1. Requirements for bearing steel in different environments [10] [11] [12]

= 1. NEIREXHANAZER10] [11][12]

RS PR B R R LA TR St R R i TR
- FEEALBE R, [l RS R T PESBAR R o, e
™ ROFRsRER, RoFRase thir HABIS, BINT, KRR
K113 A BAE BT ANE, 25 R P g 5 R R
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e o Al BAMERCE RS, BIMELT

AL AR R — 5% T i 3 fnh
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i DL S AN SRR AR ISR . SRR RN AR DL SRR AR AN S 13]

1) RS AR NS T N A B RTR s, [R1 KA N HRC61~64 . & A% 5 GCrl5. GCr5SiMn,
GCr4. GCrl5SiMo. GCrl8Mo %5, HH GCrl5 (&N 72, H CHl Cr & &5 78 1.0%H 1.5%, H
B RIFEENE . i 57 s A S i B . ZERANF Py S S EA KT 0.025%, FHEFREI Niv Cu 5565%
RICEEGE , WP A BRI 12:10° 2/,

2) A A BAERT S UR SR A S, TAEMBRR B s, WAE 200°CLL b, JFRAE NS
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i R iR A H A CrldMo4. W9Cr4V2Mo. Cr4ModNidV. W18Cr4V. WI12Cr4V5Co5 s, H
H CrdMo4V Fll CraMo4NidV - S{f Fl ) 12 [15].

3) BB AN S AN AT T R ISR AN EE, 2 1A AN B P (RO B RAF I,
REME A2 I b e o, R EIE F TS AE S e NS AT RR TR B AR R AT, B TG & 451
o [ A B B AR AN £ G20CrMo. G20CrNiMo. G20CrNi2Mo. G20Cr2Ni4. G10CrNi3Mo-
G20Cr2Mn2Mo .

4) AN AR NS F T AN R R S el ) A R DL BORS BE R hR o H R S B AN R AN
G102Cr18Mo-~ G95Cr18 %, Ay ik o IRAR 4R

5) FEERE ARG B T8 BT REFISUR R A U i R, 40 G52 642 GO0 &4 DL K T A 34N AE

3. BinpANESEER

A NGEERERNRRE RS, Fluthis E&EiY. MMAHSAE. £ I0
A SR AR AU FEE R K o B2 B 52 e 2 R 2, e M IAFAE el 2 510, &
LSRR B oy, RILL, SR 0 as 3 i A A K FE & B e 2R & FhSF R <)
febr, s, BALYIRLE R A 4E[16] [17].
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Figure 1. Topography of large inclusions [18]
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2) RIMKHRMENER), 2 FENF R EF IR, B ERE, RIS — A
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Table 2. Source and distribution of inclusions in bearing steel of a certain factory [22]

2. R AR RAMIRIES 2 6(22]

Fe AT AR L BT Ry RPAE L 1/%
AR e I K5 s i 1) i SR A1203-Si02-MnO ANE MgO Fil CaO 4 2.18

A AR AR R AR Al203-MgO-Ca0 ANE Si02 S5 it 7 kg3 6.37
Bl Je Ik TR N IR PR L Al203-Si02-Ca0 Lt oy AT 9.6

CaS & JBEBR S 7). Ca0-A1203-CaS VRN N A e A v A A 58.24
mm  mEES R TR T H MnS-A1203 AN, BERLY 6.81
MnS J& 2% BB IS RIT T2 IO T H MnS Bsy s —, BBYELY 2.55

BJedk 5 [E AT TR BRI AT Ti(C,N) WELLE, R 2 142

M 2 ATEUE A I AR 18.15%, FLrp BRI 2% i 12%, AR PRIk 1 35%, Bl Jedk i 53%.
ANVE RN e 2 KAL) e 1) E BRI i — P[RR AR, Rl CaS BRIk,
IR IS ERAMK, EJRE R LR 14.2%, BN ERE BEE .

R I A5 57 A5 A IR, RN ] 2 BoR,  TiN R Ti(C N) KR TR Bh e fulop o7 s ek, 4R e
R A CRF ) HCR R ES 2R A AR A ANBRAL (23] [24]. MEtk A ALY e 2 b BAT AR AR Bt
WX 55 RRCEAH, RERR I EE N T etk AR ie Y 2 8. b ek fa®
T E PR R AR O BRIRES . A BRI Ay, 553K e R S W T 25 FAIBZ K 22 2808 o By & o 2 £
[25] [26] [27] [28] [29].
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Figure 2. The influence of inclusions on fatigue life [23] [24]
2. REMIE 5 FBRIFM[23] [24]
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3.2. {ALALA

T AL R AN Y 5 S BRAR AR RE NI i, T AMOUL LR rh JE e ABRAL M O R T B K o BRAG DR R /DN
TR BB A A HS S e A B (R 8 57 73 i o A PR AT R AL R sl AT FE 35 R 46 3 [30] [31] [32]

[33] [34]-
Table 3. Causes, characteristics and hazards of various carbides [30] [31] [32] [33] [34]
2 3. BSMHRUCMNFRER. FERMEE30][31][32][33] [34]
Fhs TE R A FEASFIEE 2 Xof il 7 A 1) s

WURCR . EERG S o) SRS ARTR T RITE, PR AR 1B 1 98 57 SR SUR AR S0

BHTRALY] REL BB T Wit e Sl e R T LALLM B

FARIR KIS B SR AF I STRDIR Bk V8 R T4 4L 4R TR
HOARBRALY) B [ R A i TRLAH /) JEARYIE): Bl S AR B & e, B VR KA TR
TR, RGN R DL

MWMEBRUBRTE  BREERS RS RETE AR, SNV JOT R EInE:

e e Y L SRR Bt SRR, 57 R AR

AR AR /N B ST 0 AT SHAREOARISEEL N, Bl 1 # DUE PR BT ar e
KREDHAL I, HANARENE . 057 A7 ar S PEREA 22350 [AIk, AR AN IE W ZOR BRI VBRI /),
TEARBEN oA 32 50 o BRACD AN SIVE AR YRAE Tt [ AL 2R ST, i AR [ 12 (R AT 70 2 47 il fik
WA SIPEE Ri[36] [37] [38]. MRS SITERIHRFR EWHTERAL) . AP RBRAE . PURBRAL TEL
IOESEIE

WP T A DA R R A R R R R I

1) TR — ORI mi i OB KA BT B, ERN AR K. B, ERIEREAS
REGR D[R I 75 Zo IR in G e L PRI . PRIRIN A1 SEEAT RGTHIBEIT, M & 2 Bt AT RS i
o fz], e & SEHLBMTRI A A B TH B (e ) AN 250 i A (1 H 9 [39] [40]

2) APARBRALY) — B AE MR B30 B s B (IR B R [ R P OB B T o AR ey, 2 B e 42 i
FEARDEPFIR I, DO K O IATK I 8 e oA S LR P 4 5% (K PR AN G B JEE [ 41155 L Z S KR
BRORIRATIRGL -

3) WARBRAL AT H % S = L B AR SL S AL S 74 ERR KA HI AL B 72 . BRI, AT RAIE I XS 24441
TR N A T ZSH IR AT H[39].
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W A o B A BN A . HEARNPERE . g KT E A Oy Sv N. Tiv HXJL
FhoGER, A G S BT IR FHN I PE e .

Ao EER RS MANE SR EREE R, AE5WPEMUMYBIEL, mELYIA: 5 /4N
TE & JE I 77 A B A AR 7 A 45 18] S ME R PR AR A T 22 o R FH TR 2 RS 47 (BOF) —~ i — .25
PR T 2L GCrl5 FhAM, AR FE oA AT IR A, TERS R T2 it e el B R v
AT BB BAFEREAR T BUE SR T 24 & & T.[0]4 0.0012% [42].
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S BTN VE R B L LR, BEE NP A BN, AR, Rl
APIVER 2 N0, (EENIZMWIAR . S 2R AN A R NG A I B SR R BFXF GCrl5 Rl NS 2
AR IO, FENT I IR B R AT BB SOk R AR A AR R OO B R, e A L RH
FLA RIS [A] L A PR B 2 R 3 Pl 4 2 A BNV R, S AS A 35 B ARV T3 [HT D R SR ) 1.69
ppm (K2 1.34 ppm, FILLTFFE T 20.71%, BOEREE[43].

A FLR, MMM, LMRMAL. WA R RS, S N,
AP RERAN16] [44]. B EIGIN, BN R E A AR ) 20 A0 B35 RS 3 451, SCERFR[46], &
B AT 0.040%IN, Bl & B B B2 = el 55 7 dm e s S E ST 0.040% 0N, 275 A AR

R B —ERWTR, % IER TiC 1 Ti(C,N)IM 2 51 #9555 R4 ¥Nim i A b SORS et E S
RIS BeAE . IR R A SR RS B LI IRIA AR IR IR TP BRI S R, Ak
B AN T S B 0.005 0%F% 2 0.003 8%, 4K & HT 0.004 5%F% % 0.001 3% [47].

4. EFTZRRIAR

it S b Al ) e AT AL T A St A A AR AN . B AT AR P T AR AR i K
PR A Tl AR I B K, A2 S AR R R AREEE (77 ) o TEBR LA H AR, 70 AR SR
PR, A SRR 20 ppm BLUTF[48]. 80 FEAHHAZ 90 4FAX, GCrl5 kKM A &= O & FF KR
20 ppm LR, BUFEH AR A= B Al 8N A & & ik Bl 4~5 ppm. SCHRFR[49], AR A &=
M 30 ppm FE 2% 15 ppm I, HIE57 5 a5 654 M2 10ppm, JE 57 43 dw Al & 15 fi%: kP& % 5 ppm
W, 9557 75 dr AT ER T 30 £

] P A1 = B AR AL = T R TR B T 2R RN S L R S B W 4 Fis[50]. B4 i
T RN A P 2R R B B . OVAKO ANER AR AR~ T2, A H AL PHAFFRN 2 7] SNRP B4
AR A T2

Table 4. The production process of bearing steel in various countries in the world and the content of trace elements in the
steel [50]

F 4. R REWANECTZRNPRETRESE[50]

Herm g KT T.O Ti S P

10° 10° % %
Hi it OVAKO A 100t EAF-OBT-SKF-MR-IC/CC 5 8~12 0.020 0.008
=R NIEE S 90t UHP/EAF-EBT-LF-RH-CC 5 14~15 0.002~0.013
i BRK AL -2 - Bk -LF-RH-CC 4 15 0.0026 0.0063
F5n 100t 80tEF- ¥ 7 & -LF-RH-CC 7.0 15 0.002 0.001
H ] RN 5:4(150t)—»LF—VD—CC 5~10
TS 140tTBM-RH-IC/CC 12

1) ¥t OVAKO

T OVAKO J A = Bk v il AN 1) T 2R ) 3 o, 1% 128 E B AL &« JRANR F Fr I 4L,
P O b AN (BAF) I F2 N Fe-Als Fe-Si A&7 WP A, N ASEA-SKF NG TAEu, 59\ .
5, AMEBEENKE R, ISING BOE AT b, FIR T A e E. AR Hyy N, SR
AR, PR RHMTESS . B % T2 M A S BT HIE 4~6 ppm, Rl B BRI 25 50 AN
PEAE L ) F1AR 1) 55 45N 7 [ S A AH [
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Figure 3. Process flow of Sweden OVAKO for producing
ultra-clean bearing steel

& 3. #m# OVAKO & =85 A NN T 2R

2) HA I BARER A F

L BHAFAN K EAF-LF-RH-E-E 5L T 2 A= 10HEN, 1% T 20+ 2 HAr 2K 25k CaOn AlLO;
+ MgO-ALO; &R KM Is, REND> MgO-ALO; FIB# e 4%, X LA oh K H S 2 Wit kIR, i 4 [24)
Jli7Re LF K% K& 4 MgO &344, RH k)G MgO Je 2 K/ #7480 CaO RFede, Fifi B 25 I B] E
K% 60 min JeF MR E R IRAR, TOKEIEA N, BeBs AR N MgO Jed: . TEARGIEILFEH MgO
W E PRGBS E T SNRP 477 1.2,

D Si0, @Ca0 WMMgO ®ALO,
100f _ o
— i al= - -
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Figure 4. Evolution of inclusions during refining [24]
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Figure 5. Production process of Sanyang Special Steel for high clean bearing steel

5. LWBREFRAE =i R N T ZE

3) ENHAMNA T2

KGN FAF RIVL I DGE ) & T LA IR 2 ] R B A P AR et . s R )
Ko (RS BIEHIX T H DL DN N, HEBA T 208 #P—LF-VD—CC, TEREHMNE
PR AL S AT e Bt R USSR B VRS R, RS IR 2 o N 2 7 K P ARV B 4 T RS AT ol P
1E VD J7 67 Pa IS B N AT AR BUA AR FE 15 38, B b FREE AT S WEALBE, 2R )5 R S IRy
Pk S LA NAEMSRANA ST EE S ppm 47, BRI E LR HAR[10].

HAT, ™ i 5 AR B AR LEIEAFAE — e 2200, 1 7= R0 o A A 4 7 B R AR ] LA B4
RS K, (ERAEREMIES BE. Ak RF LA A 2 5 T s diE oA fase . Hx,
TR R . 77 5 TR DL A B R s A T 2T IR IR E AL

XL T2 A R A ARG R AR AN, AN T R — R A R R SR R A, I8 R
HIF L2k — P m kN e S E . F i S A e B S R I Al B, SRTS S S 4/ R
AR, B KA L AR SIS S AR, FEREERS].

PV T L PR 2 B ERE ARG . SRR A . AR I R TR A R A T N i
[ &5 d P A, JLJERER AP 6 [31]FTR.

I HFEHER; 2 KA M 3 Wi 4 IBih; 5
RS 6 HM; 7 LHEAE: 8 PEEMR: 9 KAE:
10 ZBZAEIIR

Figure 6. Principle diagram of electroslag
remelting [31]
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