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Abstract: In order to predict the fatigue life of rolling bearings, a modified critical plane was estab-
lished according to the bearing crack extension mode, which transformed the cracks from two-dimensional
extension to three-dimensional extension. Combining the Smith-Watson-Topper-fatigue indicator param-
eter (SWT-FIP) method with S-N curve, based on the modified critical plane method and the modified
Paris model, the equivalent elliptical crack area difference was used as fatigue crack extension characteriza-
tion quantity, and the equivalent crack length was calculated to establish a full-cycle fatigue life prediction
model of the rolling bearings covering crack initiation life, crack extension life and fatigue spalling life. The
full-cycle fatigue life prediction model was validated with 2 types of accelerated life test datasets of bear-
ings, and compared with L.-P model and original Paris model. Results show that the full-cycle fatigue life
prediction model of rolling bearings may predict the fatigue life of bearings more accurate than that of origi-
nal Paris model and L.-P model.

Key words: rolling bearing; modified critical plane; modified Paris model; full cycle fatigue life pre-
diction
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Fig.1 Schematic diagram of modified critical

plane method
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Fig.2 Geometric schematic diagram of modified

critical plane method

FR A TUART 5 8 AT AT, 48 1 Il 53 1o A 152 O 24
SUASLY R B A il o Rl 0 ROR
=D, arcsin (2a/D, )
“ 360
7R arcsin(Z/JVR )
a 360

A DO TR S5 AR GE 4 il 5 AR s R M AR IR S A
e fih m3 AR

2 AR R B T A A TR AL i 2 S

21 RYHFEFaRMNEREET

SWT-FIP(Smith-Watson-Topper-fatigue in-
dicator parameter) X LA F 14 24 20 W A= 75 i i
R R 2 DDA A A 1 1 9 57 5 i e o I
LTSN a0 N7y (1R 71 DA I | 7 11 7] DA S
Ae, , Ft [ g s 1 L LT LR SWT-FIP 2 5
P EER S-N M2 BEAT U5 2 100 F0 00 Al 7 %
PLUH R A

SWT-FIP Z4A] AR N

Swr = max (

(1)
b

(2)
20,0 (0)0 e (0) 53 50 9 JI0EK i 5 1 10T P9 325 17) B2 A
A1 390 PN A R 1 B g

75 A 56 P ) N AR S R 97 75 A N,
MR

2
Swr :% (2N, + alef (2N, )" (3)



ST Paris B0 BV SR 2 IR 057 R e BUN—— B0 BiE

4
o

ol n 43 B A% b RL 9 9% 57 3R B R BRI 57 5 B 4
B s et A3 R A RE I 9 57 SE M R BRI 55 S8 PR A E
SRR SRR s N R R K B AR
g 42K i BB I, Nl B0 A B
220 W fal B ) 2R AR R AT

(af )

max (/0 ,.(0)0 mx(0) ):T(ZN;)Z” (4)

MR SCRRE 21045 B9 GCr15CH & 89k B i)
W% 57 F5 i S-N £ 8 GCrl5 A% 957 SC 6 K i &
A Origin FF A, 3 A 38 (19 #0045 #R 8 CAllome-
tricl: y=ax") . W A5 SR A5 9% 55 58 B R B of R 57
SREEFE L n 1 OC RN BLA S5 R UL 3 Fn % 1,

1400

S-N 2
g
S 1200
5
=
o
R L
2 1000
800 : . ]
10* 10° 108 10"

S5 A N
3 GCrISHIRNES Fw S-N B
Fig.3 S-N curve of fatigue life of GCr15 bearing steel
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Tab.1 S-N curve fitting parameters of fatigue life

of GCr15
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Fig.4 Expansion of ellipse area of fatigue life
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Tab.2 Main mechanical parameters of GCr15

bearing steel
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Fig.6 Schematic diagram of the pit parameter of
fatigue spalling
PRI AR 41 512 o TR 20 0 i M e 24 3 % 11
SR IRIEER N2
Vs=nd"/3072 (12)
K d RS R R EAE,
D& B I AR A 14 56 R R % SR L fE % OF
R 7% 75 i L R 9 97 BB e A5 i I SE S, PR AT
1" 1 1 J/“ 1

| dv=

N M m dr
Cs o (AKS - AKI(‘)W C. A”(AKIC - AKm)

(13)
s C S BB 3L 55 T T 5 AK s S 9% 95 2 80 7% T
T3 VR iR T AR
+ 2006 -

il 7R 2R O P SRR
AV=V,—V, (14)
R L g YR Y R A K
I S AHL I A2 9 55 W 84 iR T B R . Bl
Jo s AEIZR IR A LR R A R v M BT,
TR 92 55 0 7 A 04 ) Y AT A Ry = AR K AR 1]
BU . 455 1B E i S T A SCEE 1 R % 57 R
& 73 1) UM ABE AU L A SRR Sy

1 v 1
N,= J — 4V = (15)
Cilv ( AK,— AKy¢ )y

RPN, BB 55 % 75

Z M, TR I8 SRR I8 B B oy B e
PR B, BV n] SR AT R B0 55 7K By B AR A
24 HREEBESFORAERNET

g5 b SRR T AU A B R N 8 5
V5 =4 FF A B, i X5 DO K5 AT
15 3 il 7 4= JR) 191 9% 57 75 i 00 AR A

Ni=N,+ N,+ N, (16)

3 R AR T F A TN A B

3.0 EHMELEARESEGHES
3.1.1 &K l(BERRBAPRIBE)

AR S A TG 22 58 38 K2 VR S Bl 4 I Jn ok A
fir ik 5 & CE7) 0015 59 4 7 A ol 4 ot AT 4
Br o 2R 06 FH o o £ g Xt A R AR 30 15 5 b AT R
B YR B 15 5 1 J IR R 2o 20 B RN 2
Bl R 2 5 A0 SR 2 SO ] L 1R 8 BT R N IR B
LDK-UER204 & %7k . 280 46 3 i .

By ) e I A e
goe T =W

A e B\
- ?_ \3/5:\ = \i’u
AR HZIALT RN R

H7 #ASFHMEEGREFE

Fig.7 Bearing full-cycle accelerated life test platform'’
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