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Study on the Failure Mechanism of Ceramic Bearings with Multiple Crack Defects

GUO Pengxiang ,GU Xiaojiao,ZHU Zhenwei

(Shenyang Ligong University, Shenyang 110159 ,China)

Abstract; To address the issue that the multi-fracture defects of silicon nitride ceramic bearings will
affect their mechanical properties and service life, a method combining discrete element method
(DEM) simulation and FISH language program is proposed to study bearing defects. Firstly, the
bearing is modeled by DEM, and the relevant mechanical performance parameters are determined by
mechanical calibration experiments. The meso-parameters are calibrated by trial and error method.
The simplified model of silicon nitride ceramic bearing is established by FISH language program,
and parallel crack defects with different inclination angles and numbers are prefabricated in the
model. Then, through simulation and numerical calculation, the evolution law of cracks under differ-
ent inclination angles and number of crack defects is studied. At the same time,combined with the
velocity vector field around the crack,the complexity of crack propagation is analyzed. The experi-
mental results reveal the damage and failure mechanism of ceramic materials with multiple cracks
under compression,and provide theoretical guidance for the processing technology ,fault diagnosis,
mechanical properties and service life of ceramic bearings.
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Table 1 Performance parameters of silicon nitride

ceramic materials
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Fig.2 Discrete element ceramic model
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Fig.3 Ceramic bearing discrete element mode
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Table 2 The mechanical properties of silicon nitride

VI Leditd S a5 R
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K241/ (MPa-m ~1/2) 5.5 5.3
bR/ MPa 1 620 1 600
NEL/NA 0.26 0.26
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Fig.4 Parallel fracture prefabrication schematic diagram
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Table 3 Parallel fracture dip angle and

intersection angle

g 6/(°) a/(°)
a; 0 15
a, 0 30
4 0 45
a, 0 60
b, 30 15
b, 30 30
b; 30 45
b, 30 60
¢ 60 15
c) 60 30
C3 60 45
Cy 60 60
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Fig.5 Crack propagation diagram of parallel

cracks with different dip angles
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Fig.6 The relationship between angle « and
compressive strength of ceramic bearing under

different crack dip angles
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Fig.7 Four groups of silicon nitride ceramic bearing

models with different number of prefabricated cracks
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Table 4 Numerical simulation results GPa
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Fig.8 The relationship between crack initiation

stress and crack number
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Fig.9 The curve of the relationship between

crack peak stress and crack number

Ot , AR T AT i A R TR T i UKL Y 12
SRR A5 G HE IR H ST B T Al R R ) A
W A VAR IS TDAL

eI 2 A [ 6T £ B VR B T SR B, T 5
HJE RO, A5 R UNE 10 P, i
DREARTRIEE RN, #i Sk 2 ORI 5 7 1]

HIPEL 10 7] DL , 2252 ] [ UL A2 Bk JEE 72 A W]
2, B LB R, B 1 SLECHT AR Ak ORL A
R, ME LY JRABCHZZHE N 0, KT
Y GESAC e o 7 R VA N A R GRS R R
Kz Sl Ty 1) A S, 7 A RN g 5 BORURL
B2 105 1z 8l BB 0, 0 iE {2
SRRV g i AR S A A N R T ] A —
TESZ

P11 R TE S0 R 2 R i Y, IR
A R A= I 2 3 8 O e 7 17 O VR R T SR B
MR R O T B RN R TROE 52 ) 26
L B AN SR CE A CIs N R P9 E VAR L ey
73 o ORLSZ BIBT Hs T 1) A A A % T N
JTB94% 1] b, UKL ) 1 RS 2R, RS
I,



64 %om o ® L XK ¥ ¥ K % 44 %5
ﬁ!ﬁ/ m-s
¢ ) HE/(m-s™)
30000 19937
2.7500 3'500 0
2.5000 "32500
%888 27500
Wt 2.5000
: 2:2500
1.5000 20000
15000 15000
7.5000x 10 1.000 0
5.0000x 107 2'3888
2.5000x 10 .
. 25000
3.1755x 107 €399
(a) 6 =0° (b) 6 =30°
HBE/(mes™)
I l 5.3449
5.0000
4.5000
- 4.0000
3.5000
3.0000
2.5000
2.0000
1.500 0
1.0000
5.0000x 10"
2.1575%10™
(c) 6=60° (d) 6 =90°
10 RERMHHNEEEXRESR
Fig.10 Velocity vector field of ball prefabricated crack
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Fig.11 Raceway prefabricated crack velocity vector field
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