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Abstract: Aiming at the problem that the failure mode of bearing steels is mainly fatigue failure, RBF (rotating bending
fatigue) test of medium carbon Cr and W nitriding bearing steel and analysis are conducted for the medium carbon Cr and W
nitriding bearing steel. The microstructure of the bearing steel after hardening and tempering (880 °C+540 °C), the fatigue
fracture after the RBF test and the effect of nitriding are analyzed. The ultimate strength influencing model of non-metallic
inclusions and size on medium carbon Cr and W nitriding bearing steel RBF is established. The results of experiments show that
the microstructure of the test steel after hardening and tempering is tempered sorbite, the main precipitations are M;C and

M,;C; carbides, the mechanical properties are excellent and its fatigue limit is 729 MPa. Fatigue source are divided into surface
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defect cracking and the internal non-metallic inclusions cracking. Surface defects include the pits after the falling of non-metallic
inclusions and the machining marks. Non-metallic inclusions are mainly magnesium aluminates. The bearing steel is kept at a
constant temperature of 560 °C for 25 hours in NH; nitrogen atmosphere, and the nitriding layer thickness is more than 360
pm, showing the nitriding process is suitable. The research has some reference value for the development of the medium carbon

Cr and W nitriding bearing steel and the improvement of fatigue performance.

Keywords: black metal and its alloys seepage; nitrided bearing steel; rotating bending fatigue; surface defects; non-

metallic inclusions
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Tab.1 Chemical composition of the tested steel

%
w (C) w (Cr) w (W) w (V) w (Mn) w (Si) w (Nb) w (S) w(P) w(Fe)
0.3 3.2 1.0 0.5 0.25 0.12 0.02 <0.003 <20.006 A

¥ @60 mm [ EHE GB/T4337—2008 (4 J@ BE % 25 il 9% 57 1 59 77 75 ) in AL @14.5 mm /Y 5 # ok
RBF B, 3 TAEX 4% :(5.97+£0.03) mm,

P RALHE T2 880 “C X 50 min+ ¥ (OQ) +540 °C X125 min+ 75 (AC),

RBF Test:PQ1-6 % RBF Test HL.PU & finzk. W f1 kb R=—1. & [ESLKFR N=107,

S AF B TR S 4 00 A R TR VA R, 2% R 0 AU A B 2 W LB AR, B 37 S-4300 ¥ 3 & B SEM WS 44 K
GO LR 1, TEM 2347 0 A R &6 T2 31

BATL . BFBAN NH, HBAFN,560 CHEIEMGR 25 h. IR B A2 451 M,
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Fig.1 Microstructure of the steel after the conditioning treatment
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Tab.2 Mechanical properties of the tested steel after the hardening and tempering treatment
% FCBE B (HRCO) HUHL 3 JEE / MPa Ji R 3 K / MPa W5 AR/ % W T W 4 2/ 0 U i gi/)

48 1343 1 084 16.3 65 152

TR B AR RN AE S N A ZMARZ . ME 2 iR, EWEEEH Fe,N Ml Fe,N #4
A JEJE ok 9.2 pm, B EIK 16 pm, BIEREEIL 1060 HV,. A RBE Pk 371.5 pm. B AR S .
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Fig.2 Morphology and composition of compound layers and nitride layers
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Fig.3 Fatigue S-N curve and up-down graph of the medium carbon Cr and W bearing steel
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Fig.4 Macro morphology of the fatigue fracture

a) IR b) 34 T DRVE ik
A5 FRREMEEARE RBF &AW 265 SEM %

15.5 SEM morphology of the fractures of different RBF samples with cracking started from different positions
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Fig.6 SEM morphology of the fracture of RBF sample with cracking started from surface
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Fig.7 SEM morphology of the fracture of RBF sample with cracking started from near-surface
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Fig.8 SEM morphology of the fracture of RBF sample with cracking startel from subsurface
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Fig.9 Inclusions morphology on the surface of the sample
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C=0,R)Grd/2)""/(H+120), (5)
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Tab.3 Value of C calculated according to the test results

EETE A 1 TR B/ o R/ pm AT A Je Wy C
1 13.6 13.5 390 MgO, Al; O3, SiO3 , CaO 2.215 158
2 6.6 6.8 373 Al; O3, Si0, 1.973 481
7 74 24.8 379 MgO 2.450 633
10 5.9 5.2 389 Al; O3 ,Ca0 1.887 994
15 11.3 7.0 379 Al O3,Ca0,MgO, SiO; 2.239 113
17 4.7 5.6 387 Al; O3, Si0, 1.914 415
18 9 13.8 377 Si 2.083 151
22 2.6 4.3 374 Al; O3, Si0; 1.852 131
23 2.9 6.2 384 MgO, Al; Oy 1.945 068

D =R CL 1%

C =1.71D"%, (6)
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d W RARIER RBF WBRHRE . d >12 pm B, d B8 X RBF 5 B (1 52 i 38 5% 8 /) .

Je 4 d — R IRE D 59E 57 IR AU SE, B D BN ST IR Y kAL 0.5 pm <D <20 pm Hf,
Je 24 D % RBF 38 B2 mfE K. Y D=20 pem B, 05200 O AH 245055 .
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2) % A8 AR N AE NH, B A4S0 560 CHEIRMRRE 25 h, BALZ IR IL 360 pm DL I, 26l
JEik 1 060(HV), BAZ NG WZMY HUZ EWEFELH Fe,N Ml Fe, N #p . B A EREIL 7 .
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A4) T B F 05 R B 14 e A 2t S o R T A A Ry

0. (R)=1.71D"* (H +120)/(Jxd /2)"*°,

5) 08 /NN T B A 4 T e 2 W, RE A KA B 0 T A 2t S o R L (BTG B 1Y) 3B SRR 1Y 3 4 oy S BUE
AR KR R R . I Je e — @ R IE R (20 pm) , Al A SRR e 22 0 T 8O 5% 55 B3R

6) A K H ik 3% H3 95 FUH RN 12 BUR B2V 12 M REIE S AN AL . F — 28 TAE 09 3 2 2 X e AT IR ALY
PRI 5 T8 EAL BEIEAT X L4 BT
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