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Abstract The dynamic performance of deep groove ball bearings is greatly influenced by the variable operating conditions ,

mostly the fluctuation of speed of the new energy motor. Taking the 6207 type deep groove ball bearing as the research object,
considering the flexible deformation of the cage, the explicit dynamics analysis model of deep groove ball bearings was
established in the Ansys/Ls-Dyna software. The influence of different angular acceleration conditions and different rotation
fluctuations on the stability and contact characteristics of the cage was analyzed. The results show that the increase of angular
acceleration can lead to the increase of velocity fluctuation and the decrease of cage stability. Compared with the stable condition,
the contact force and instability between the steel ball and the cage are obviously increased under the rotation fluctuation condi-

tion. The influence of speed fluctuation condition on the stability of the cage in descending order is rectangular fluctuation,

triangular fluctuation,, sinusoidal fluctuation and steady working condition.
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1.1

®1 6207 BURAIKER LA S H
Tab.1 Geometric parameter of 6207 type deep groove ball bearing

JUATBHL Geometric parameter H{H Value JUATBH Geometric parameter H{H Value

%l 7 N 42 Bearing inner diameter d/mm 35 W3 £ Initial contact angle o /(°) 0
& SME Bearing outer diameter D /mm 72 T8 4% Pitch diameter d,, /mm 53.5
& 5L JE Bearing width B /mm 17 PRFFHRAME Cage outside diameter d, /mm 57.55
NI B #2142 Radius of curvature of inner ring groove r,/mm 5.779 0 RIS N TS Cage inside diameter d, /mm 47.65
HNERA MRS Radius of curvature of outer ring groove 7, /mm 5.8895 514L B2 Pocket diameter € /mm 11.41
HER 4% Ball diameter D_/ mm 111125 PRAFSR9EIE Cage width B, /mm 13.6
BRI Ball number N 9 5] F WP Guide clearance €,/ mm 0.7

1.2 MRS

SR AL 15 TR 45 o TR 2 A R 5 Tl R A
AR B R, % R 7 800 ke/m’, SRR
207 GPa, AR LA 0. 30,
1.3 WX

A BR AR 7Y v i 8 49 45 solid 164 55T M ok A
R O E KO AR LB B A% R 4T A
shell163 5T #f 17 7¢ B o6 WM % X1 43 5 9 A0 B AR 4

() PREFZLIRALIY 1/4 [ RS
(a) 1/4 mesh of the cage pocket hole

(h)—AoE B AL Su LIS

(b)A complete cylindrical pocket hole mesh
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B o S T TSRS B Fn i 3, 32 8 X 45 file
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(¢)Cage integral study
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Fig. 1  Finite element meshing of the cage
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Fig. 2 Finite element model of the deep groove ball bearing
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Fig. 3 Load distribution curve of simulation and analytical values of balls

and inner rings under different radial loads
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rings’ speeds
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Tab.2 Comparison of simulation and analytical values of the maximum contact load under different radial loads
A ) B fi b (e RN EROrT AR 2E
Radial load /N Analytical value/N Simulation value/N Absolute error/N Relative error/%
1 000 494.7 534.7 40.0 8.09
3000 1484.2 15953 111.1 7.49
5000 24737 2610.8 137.1 5.54
®3 TEWERETRERTIOREN L
Tab.3 Comparison of the cage average speed under different inner rings' speeds
DAY Pl e PRAFFAL (A DRI AR ) B 2 LERONPS S
Inner rings’ speeds o, /(r/min) Theoretical value of cage speed/(r/min) Average simulation value of cage speed/(1/min) Relative error/%
16 000 63383 6333.7 0.073
18 000 7 130.6 15953 0.35
20 000 7922.9 7 879.6 0.55
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Fig. 5 Comparison results of cage motion trajectories of different simulation models
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Fig. 6 Curves of inner rings” speed under different angular accelerations
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Fig. 7 Curves of the cage speed under different angular accelerations
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Fig. 8 Centroid trajectory of the cage under different angular accelerations
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Fig. 9 Eddy velocity deviation ratio of the cage centroid under different

angular accelerations

B3R B B TS 3 s A R A SR BN S M R R M
TESLPR T UL, BIHLI 55 3 T 00 22 52 # AR T

3.2

YRR BE 5L N ERHLA R 40 e e 18 1 AN 34 50 S5 L R i 52
M), BB e 508 B 0 B i s B, g — 25 R T
BIER 5 PR 528 2 0] 0 Rl R OR R AR B R . R TR
G SRS e T Bl T 0 DR R Bl A R PR 1Y 5 ),
R BRORN R R 48 2 [0] 9 422 i 7 24 e DL R R R
ZRRROE MR R SE R, A SCE ] T R s BB s =
AU 3 LA K Fa g T b AT /3 Al ) L, AR SEBR T80
TR AR SRR . Horh BlROR SZ (AR ] 40
2500 N Yl (A sz 5 ) 380 HLAR 1) 2 far— g 1
BESE N PB G AE 0~0. 1 s, B0 5 13 ; Sl R Py el
i 10 B A2 A, lias 7 AR Ik B RUE T, BLR X
N R 1570 rad/s; 760, 1~0. 2 s, 15 8 P B 3 1 5
JAIAR 0. 02 s, % B (8 o Fs e TOLIRAE Y 10% , I 5))
TGN BB s AR A A ] 10 s
PP 1L AT PO iR T R PR R4S AR ki
2 IR AR AR A B s ARl sl B T 0L R, DR EE
HR T R it 2 ) 30 5 P P el U g SR I AR A [R] , L
L e B A BB — Y, RN R U 8 T
10T PRARF AR it 2 5 D e ek i 4 ELAT — 301k



1512 LM e E 2024 4
- 1 800r---- spateah Rectangular wave =15 Triangular wave 700 [oa.
3 - = 650 L
<1700} 7\ | 2 :
3 /\ HE 600f
jg: § ] ﬁ\: %
B+, 1600 8 5500
28 e
= % %’n 500 ----- HIE U 5 Rectangular wave =3 Triangular wave
51500/ 3 — = i) Sinusoidal wave Fast TR Steady condtion
£ 450}
1400 bbbl -4l 400 . L - ; !
0.10 0.16 0.18 0.10 0.12 0.14 0.16 0.18 0.20
B[] Time/s 7] Time/s
10 PURNSLAS TAL N N R 52 fh i 26 11 pOAh AR TR RS R L I 2R
Fig. 10 Change curves of inner rings’ speed under four typical Fig. 11 Change curves of cages’ speed under four typical

working conditions

R AR ARV AT ) T 00T SNER A5 LA 4842 ik
TIRERISEIHE . 4 a0, Bl sh TO0 T, #9Ek
5 PR 5 AL 33 SRS AN W 32 21 9 Rl S A 52 ), AR
SE VR, 50 2 T 4 3 W RSP P
FhaE THLR TR, BASMEE B . fERIE
=AM 3 BB T 00N, AN ER S PR 2Rl

working conditions

T HE AL AN — A, RN R 5 R 4R 2R i 3 1 (1 DB 13
il 488 e B2« i ) 0 R AR 0 B T, LU =
IRV & SR /) RS R S8 Y PS PRIV S S S
eI e B T 00 A A7 A K e 17 2 ik 7 1 B 5
17 W 10 3l T 00 PP A7 B S AR A G e A B B, 422 fi
T e/

R4 REFEEEH TR TRKSREFREMANBESSHE

Tab. 4 Statistical value of contact force amplitudes between balls and cages under different rotation wave conditions
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Fig. 12 Centroid trajectory of the cage under different rotation wave conditions
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Fig. 13 Eddy velocity deviation ratio of the cage centroid under different rotation wave conditions
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