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Influence Mechanism of Contact Characteristics and Failure Criterion for
Sealing Units in Non-axisymmetric Double-row Deep Groove Ball Bearings
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Abstract: A 3D analysis of the sealing unit of a double-row deep groove ball bearing was carried out
using finite element method. The degree to which the inner diameter of the sealing ring, the sealing ring fil-
let radius, the inner diameter of the retaining ring, and the inner ring fillet radius affect the contact charac-
teristics of the sealing unit was revealed through multiple regression analyses and principal component analy-
ses. The mechanisms by which these four parameters influence the contact characteristics of the double-
row deep groove ball bearing sealing unit were also explored. Results show that the influence of structural
parameters on the contact characteristics of the sealing unit decreases in the order: sealing ring inner diam-
eter, inner ring fillet radius, sealing ring fillet radius, and retaining ring inner diameter. Changes in the first
three parameters alter the contact morphology at the sealing ring-inner ring interface, thereby modifying the
single-factor response trends. After optimization, the minimum effective contact stress increases by
16.28% ., while the frictional force decreases by 30.95%. The accuracy of the finite element method and
the calculated contact characteristics was verified by experiments.

Key words: double-row deep groove ball bearings; sealing unit; contact characteristic; multivariate
statistical analysis; failure criterion
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Fig.1 Schematic diagram of the structure of the

sealing unit
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Tab.1 The main structural parameters of the

sealing unit mm
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Tab.2 Material properties
LRSS F UG LM | 1Cr17Ni7 [40Cr15Mo2VN|GCrl5
W/ (geem™?) 2.3 7.7 7.81 7.80
bR/ GPa 1.21 203.4 205 207
THFA L 0.46 0.3 0.3 0.3
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Fig.2 3D finite element meshing of the sealing unit
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Fig.3 2D axisymmetric finite element meshing of

bearing sealing units
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Tab.3 2D and 3D calculations
Tt R =Yg R
2 i 17 B/ mm”® 0.31 0.25
2 fil i F1 /N 3.68 3.36
FE )1 /N 0.91 0.84

MPa
gr 1.120X10°

1.027X10°
9.333X10?
8.400 X 10?
7.467 X 10?
6.534X10?
5.600X 10?
4.667X10*
3.734 X 103

Y
& 0337X 10" 7 X
K Tox 10

B4 ZFHEZHFRTHEENDS

Fig.4 3D model pressure distribution of the sealing ring
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Fig.5 MFT-5000 multi-functional friction and wear

testing machine
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Fig.6 Frictional force changes with increase of load
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Fig.7 Effect of the inner diameter of the sealing ring on
the contact characteristics
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Fig.8 Effect of the inner diameter of the retaining ring

on the contact characteristics
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Fig.9 Effect of the radius of the inner ring fillet on the

contact characteristics
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Fig.10 Effect of the radius of the sealing ring fillet on

the contact characteristics
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Tab.4 Structural parameters in orthogonal design

mm
A 2 Bk FE
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1 10.6 0.06 13.2 0.44
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5 11.0 0.14 14.8 0.60
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Tab.5 Contribution rate of different variables to

frictional force Y,,Y,,Y,

A X, X, X, X,
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25 B AT A8 AT XUH TR 78 R Al R % B T
PeAb BT T B, 1845 HE 2% st R N A2 (X)) PN e [T
R (X)) EERERE AR X)) RBFNE )R
Wiy AT A T
4 BEEXREAE AT BB S
B %

X} BB AR R IR AR L P T TR AR DL




IR PORTSIEIIRIS

D6 BRI R B DT AR MR W AL S R RO —— 2 BRW] Ry A

5 BF 18 [ A 2P AR 3K 4 A AR L ST B 5 0 AR R )

S it A S L 3 A HG o) R R A L ik A

AT R fh B2 F7 L BE A5 T LA i TR AR B2 0

41 EZHEARSHEEAFRIEXME
54K 11a & 11b ol LU 24 0 J TR A

J90.48 mm B, %I Y BE 5 ) R BE R, Ih R
%ﬁ?%ﬁil:ﬁjzﬂ@mmimaﬁw i 11c Al
AL B R A AR IR F) 0.48 mm B, % B E S
DA P 11 B Ml TR A A A L 5 B80S o A fo v AR
AN BRI REAR . N BT S SO

4 0.48 mm & 0.56 mm I, 55 & 8] 52 fil 3 47 24 PR I A 2 AR B 0.48 mm B B A B AL 1 4 A
HE A e 1 A AR ik 1z T ALY D B T A o AR (E PETE .
MPa N 10 °mm?
0.60 424 0.60 12.90 38.20
3.71 1129 34.71
50.56 3.18 20-56 9.68 E 056 3123
& 265 & 8.06 @ B
F 052 212 # 0.52 6.45 BN 052 2425
= 19 = 4.84 g 2076
B (.48 1.06 B 0.48 3.23 0.48 17.28
= 053 = 1.61 z 13.79
0.44 0 0.44 0 0.44 10.30
10.6 10.7 10.8 10.9 0 10.6 10.7 10.8 10.9 11.0 10.6 10.7 10.8 10.9 ]
BH BN d/mm BEf B % d /mm BH BN d/mm
Ca) A5 R4 #e fik % 7 (b) B ) Co)$2 filh 1 AR

Bl ZHENESANERAFZENZERSMm

Fig.11
42 ZHBEANZSZHBEEAXZEXEYN
2545 12a, B 12b A DLE L 24 %5 5 5

Interaction between inner diameter of sealing ring and radius of inner ring fillet
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Fig.12 Interaction between inner diameter of sealing ring and radius of sealing ring fillet
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Fig.13 Interaction between inner diameter of sealing ring and inner diameter of clasp
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Fig.14 Interaction between inner diameter of clasp and radius of inner ring fillet
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Fig.15 Interaction between inner diameter of retaining ring and radius of sealing ring fillet
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Fig.17 Testing device of bearing starting friction torque
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