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Finite Element of Static Contact between Rolling Element
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Abstract ; At present, scholars at home and abroad have paid attention to the improvement of bearing capacity
and lightweight due to the removal of cage, but the theoretical research on rolling element contact is less. The
principle of adding local variable speed surface to outer ring raceway to change the contact state between rolling
element and raceway is proposed. Based on Hertz theory, the contact force and contact stress model between rolling
element and raceway are established, and the influence factors of variable speed surface parameters on contact state
between rolling elements and raceway are analyzed. Through finite element numerical simulation, the rolling
element and raceway, rolling element and variable speed surface are simulated and obtained. The change law of
contact stress and strain of the rolling element in and out of the variable speed surface is determined by quantifiable
parameters, and the wear test of the designed variable speed surface is carried out with the physical prototype to
verify the correctness of the theory. The results show that the contact force between the rolling body and the variable

speed surface edge is greater than that at the middle position, and the adjacent rolling body is in non-contact state
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when rolling through the variable speed surface. This study provides a theoretical basis for the dynamic wear of no

cage ball bearings.

Keywords ; cageless ball bearing; variable speed surface; hertz theory; contact model; finite element
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Fig.1 Structural drawing of no cage ball bearing
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Fig.2 Force analysis diagram of rolling element on

variable speed curved surface
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Fig. 3 Influence of variable speed surface parameters

on contact force
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Fig. 4 Contact diagram of rolling element

and variable speed
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Tab.1 Dimension parameters of no cage ball bearing
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Fig. 6 Finite element mesh of static contact between

rolling element and raceway

UnlEl 6 iz  AEHERT (7 LA AT kR AN I 5
PN Rl 2 284 7 =X, RN A9 S AR P E AR < SR
il SR S 5 2 T A T A x Ly 2 3 N LY
BRI S F 5 i T AR SO O ORFE ALK R R
FAERE R AT, R 0, 15 2 J7 8 X il &
FELTit in 28ty 5O N5 Sy A 40U g % il K 9 52 0, % ik

AR N 2 B 6707 o) L f) B s
2.2 EHE - REHEEMSN

MR FROTH B T AR iR TEAR () 404 T i
FITEIFIRAL 7= KR IE, 35 antel 7,18 8 s

S, Mises(*F-14:75%)
+3.615e+02

rd

25w

153

A5l

(a) Bh7RAR [0 B4 T BIRL N =

LE,Max.Principal
(CF5:75%)

+9.546e-04

+7.159e~

| ++++++++
OO I=IN O
BN O~ JN

\IUI\DOOW\I\IG\E
BB ONNIJ00.

25WAE T etk
A

(b) BRI T (02 Dy 2
B7 HAZEHEETTNANERE

Fig.7 Stress and strain nephogram of bearing

under radial load

(a) Hefih SR

60 T T T T
+HfulsR1

+ 32
+ A3
40 |+ HEfibri4
+HEfilsRs
+ 6
+Hefh 7
20 F+Hefi A8
~ 9
~$fil 10

v F7/MPa

0.5 0.6 0.7 0.‘8 0.9 1.0
Bt 1) /s
(b) B A7 2R &l



106 MR OE OB T Ok % o R $27 %
o PSR TRE 222, 9 25 1738 2 A7 25 1 b 22
i IO N R S FERE F175 K, 45 4 B il 7 BRI 547 7T 48 2 AP
6l st -/ VA B A2 1o 7l T L A B
~+ HEfik4
B LA RS
=
Eﬂ 2 b B9

-~ Hfih10

0.5 0.6 0.7 0.8 0.9 1.0
B 1] /s
(c) Beful i ARl 22 1]

B8 Hfl o R HoER A A ) 7 25 i 2% [
Fig. 8 Contact point and its static contact

stress-strain curve

& 7 45 A5 SR ] M e R, ) R A AE 1 5
TR Bl A AR S i VR M S L VR T A A T Ak Sy
331.4 MPa, & sl f& 5 48 30 il 1w (9 35 ik D2 Sk
0.003 934 MPa, 18l 8 k& ml Jndfm s 1.2.3 4
e 5.6.7 .8 BN I AR LA A5 9 .10 B,
PRI I 7R 2 A 22 ik A 3ok iy T sF 42 flph 7 3 G A8 /N I A
Ko W FRISAAYTE A]A5VR sh A 5 VR I8 1) i K fik
N 12k 321,79 MPa, 5 {j5 HLZ5 RLIEA —E(,
2.3 SLPWIE

& 9 Jir 73~ kg A8 38 ity T 460 3 ) BRAE L, AR S
AR VR s S B AL ik B Bk, oA B By —
FE B FE W TIRE , g0 e TR A T 54T 5
R TC IR AR AR 1 12 5 1 00, 1 AP [ e AN Bh
PN B e By, LA 152 6 000 1/ min, Jf38 3o S 4 1
(A TN 288 2 A Tl R AR ) Lt 10 N 2y, R
THL P T A R I e — 5 R ] P A S 1 40

'

THEES Bl WALE  WEAUR  ECER e

B9 HRkERYEE
Fig. 9 Wear physical bearing prototype

AT VHX - 1000 8 5 RA 5 A 38 X P8
e 4728 S i A, AN 10 i 2 R
IERGE S 0. 01 wmo 8] 1L JI 7R S 1) Fi A S %
TR AR 3 b I 9 28 S v A A 0 Y TR T
O IEH RIE AL A PR R 445. 8 wm , a7 E /Y

B 10 25 o T X 2%
Fig. 10 Variable speed curved surface

measuring instrument

IRB TN 2 T
2500.0

(b) 2 i T B 4 AR ZE AL

E 11 B 3h TR R EE
Fig. 11 Depth map of variable speed curved

surface after 3h wear

3 &% #

1) o A2 3 T 45 R A A, AR SR R
AE 22 [ A4 fih g R fk 37y A A7 A, LA S i T
Ak B /N IE FRTEAL 5

2) 385t A BRIC Oy Btk — DBl E TR Sh R AR
3Rl TR L T IR T A AN ), ELIE R E
Ak B4 N WA L7 b TR AR B K 5



51 3]

A2 B AT « JO PR AR 7 TR 2l M5 72 T il T A7 BROC 107

3) i S u6 1 W TR Bl AR 2 aed A S T )
PSR L U IE W B AL B/ BEAE 1R R 5

4) VR B PR I 7t T P Ml PR A R AR RO
AR TR S AR AL TE RS

& % 3 -

(1] PREr. AACREPERRSMEEH X E AR TAMRALT]. 4
WILF7 5 ks B R, 2021, 41(4) : 82.
XIE Tianshu. Two Objective Process Optimization for Grinding of
Outer Ring of Silicon Nitride Ceramic Bearing[ J]. Diamond &
Abrasive Engineering, 2021, 41(4) . 82.

(2] ARBEME. W3R R AR 9 9230 SO BT [T ], i S5
iR A,2019,46(4) :28.
FAN Honghui. Experiment and Simulation Analysis of Full Roller
Bearing Torque[ J]. Metrology & Measurement Technique, 2019,
46(4) .28.

[3] B, 474 & PREHE. 55T ADAMS (1 i 5 (5 A4 7R 7l
AEA T LI ] THE S IER ,2019,46(7) <40.
FAN Honghui, YU Yangfei, CHEN Xiaomeng. Performance Anal-
ysis of Full-filled Cylindrical Roller Bearing Based on ADAMS
[J]. Metrology & Measurement Technique. 2019,46(7) :40.

(4] BB, JCOR ARl R AL o il 1 PR B B RBDFSE (D] e
IR s W AR VB TR 4% ,2020.

[5] R, BRUA, AR, 5. B3R TF LA B9 4 fil il 43 4
[J]. MR TR A2 2441 ,2015,20(6) :37.
ZHAO Yanling, LI Jicai, ZHAO Zhiqiang, et al. Contact-impact
Characteristic Research on Unfolding Mechanism of Steel Ball[ J].
Journal of Harbin University of Science and Technology, 2015,20
(6):37.

(6] BXZF, BRERE: BT, 45, TS A R R T 48 105 2 e P 5 41
SHTLT] . IR TR 224417 ,2018,23(5) -8,
ZHAO Yanling,ZHANG Jingwei, HOU Xinxin, et al. Analysis of
Friction and Wear Characteristics of Steel Ball Expansion Wheel
Based on Microstructures| J ]. Journal of Harbin University of Sci-
ence and Technology, 2018,23(5) .8.

(7] WRRAR, 200 0TS, 5. O FH AR A DL 1 9 B D00 Joe o 5
B AN [T ] WA IR 3 TR A2 41 ,2020,25(2) :50.
PAN Chengyi, LI Xia,ZHAO Yanling, et al. Wear Life Prediction
on Unfolding Wheel of Steel Ball Detection by Using Numerical
Simulation[ J]. Journal of Harbin University of Science and Tech-
nology, 2020,25(2) .50.

[8] SULKA, Peter, Sapietova, Alzbeta, Dek¥s, Vladimir, et al.
Static Structural Analysis of Rolling Ball Bearing[ J]. MATEC
Web of Conferences,2018,244.

(9] ZE3%, Rt 2R Bk A W G R b iz 07 43 B [T il

7#,2016(5) :32.
LI Ying, LI Baofu, LI Ruyan. Analysis on Contact Stress of Self-
Lubricating Spherical Plain Bearings[ J]. Bearing, 2016(5) :32.

[10] SR, Ruz, WES, SER. FT ABAQUS 1y i il 7k #
oy [I]. B T ,2018(8) :92.

LU Liming, YU Yunyun, ZENG Guowen, et al. Static Analysis of
Rolling-sliding Bearing Based on ABAQUS[J]. Modern Manufac-
turing Engineering, 2018 (8) :92.

[11] RAJU D. V., DIXIT Pravin, RATHORE Nitin, et al. Bearing
Life Evaluation of Wheel Hub Ball Bearing Based on Finite Ele-
ment Analysis[ J]. Journal of Tribology, 2018, 140(5) :1.

[12] P. R. ANOOPNATH, V. SURESH BABU, A. K. VISH-

WANATH. Hertz Contact Stress of Deep Groove Ball Bearing.
2018, 5(2) :3283.

(13] AR, E 03, mabak. 2 T4 IR ook iy A T i G flR #
J1EEA AT K ,2014(4) < 10.

HU Baogen, WANG Weiying, YUE Linlin. Statics Analysis of
Self-Lubricating Spherical Plain Bearings Based on FEM [ J].
Bearing, 2014(4) .10.

[14] SREEME, IR4R, SEEEW] - 300, . MR BRAR I 250 S 80
Xt 7 (s B AAG [T il 2016 (6) <12,

ZHANG Shenglun, XU Hua, MAMTIMIN Geni, et al. Effect and
Optimization of Structural Parameters of Angular Contact Ball Bear-
ings on Contact Stress[ J]. Bearing, 2016(6) :12.

[15] FENG X Y, LIH, YUE M J, et al. Study on Contact Characteris-
tic of Globoidal Continuous Cam with Ball[ J]. Applied Mechanics
and Materials,2012,121:1254.

[16] XIQ, PLY, HU Y. A Non-Hertzian Contact Analysisfor the Ball
and Raceway of a Deep Groove Ball Bearing[ J]. IOP Conference
Series Materials Science and Engineering,2019,542:012025.

[17] HUAI W, SHUANG D. Study on Contact Finite Element Simula-
tion of the High-Angular Contact Thrust Ball Bearing[ J]. Comput-
er Simulation,2013,30( 1) :305.

(18] FRIEAE , 4L =1, 5Kk , 5. H T Madlab 5578 Sl iR iR i
fil N BRI 3 o3 A L] 5 % ] ,2020,45(7) :52.

ZHENG Xiaomeng, DU Sanming, ZHANG Yongzhen, et al. Cal-
culation of Stress Field in Rolling-Slip Contact of Rolling Bearings
Based on Matlab[ J]. Lubrication Engineering, 2020,45(7) :52.

[19] ERUK. R R TT [ M. 03 205 G R I Tl K%
At 2013.

[20] ZHAO Yanling, XIA Chengtao, WANG Hongbo, et al. Analysis
and Numerical Simulation of Rolling Contact Between Sphere and
Cone[ J ]. Chinese Journal of Mechanical Engineering, 2015, 28
(3):521.



