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Abstract: Discussions were performed to determine whether the accuracy of finished bearing could
meet the design requirements, as the assembly and disassembly as inevitable processes not only consume
working hours, but also may cause scratches on the rolling element and ring, resulting in the decline or
even loss of product accuracy. According to the kinematic and geometric relationship of the angular
contact ball bearing at condition in motion, based on the accuracy elements of parts, the analytical models
of contact angle, radial runout and axial runout of inner ring of assembled bearing were established, the
calculation method of dynamic accuracy was proposed, the variation trends of bearing accuracy in
different processing stages were studied, and the relationship between groove curvature radius, groove
bottom diameter, ball diameter and related accuracy elements and dynamic accuracy was systematically

analyzed. The calculation results showed that the groove bottom diameter had a significant influence on
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the contact angle. In order to meet the design requirements, selection in groups was required after

machining; When the error amplitude increased, the radial and axial runout increased almost linearly; The

number of balls had little effect on the rotation accuracy, but it affected the stability of operation. The

dynamic accuracy test data of the finished bearing were consistent with the calculation results, which

indicated that the model was accurate and reasonable. Therefore, whether the dynamic accuracy meets the

operation requirements can be obtained through the test of the parts’ design parameters. There is no need

for the sleeve assembly and disassembly, which is conducive to improving the qualification rate and

production efficiency.

Keywords: angular contact ball bearing; dynamic accuracy; error amplitude; radial runout;

axial runout
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Fig. 10 Rotary precision measuring instrument

SEAHATE, b R EHE SR A S, 5IHHR RS
K B ABA B H AL

5 & it

1) 3T ACBB TAEIRE T MEAFHEMCR,
ST T O B KSR S B LM 2 K R,
HAL T ZHEMAENMN o K, 1S, S8
JE e AR R, 42 T ACBB 3l 00 B SR i 7 vk .
B AR RN SR A )7 1 R AGE T ACBB, [A) £
T T = A R A L DU R kR A R RN R T
BRAR, HAT S

2) S Mr T ORTE N TR B B R il sl A A
BEAR, K, FERIAEXT 25 5y, S WA R AE . PRt
i AR KL T A R 1 SR BB B T2, ARE
HAE RS I T LA R A1 T8 3, BRI yA 4
EOEELoI 8

3) d, v di U TR LI BOE , BRS m
T A A AR BN, Bk R AR TR 5 RS 0
TN G, # d RF i Bl 34T 40 20, 75461 21 1
WIEE B H T2, A B TR o MRTHESR, W
IR, LZ IR

4) ROF— S0k b 0 7 2 (A 02 PRk B S Al 7R
BATPRMEERNE ., REREXT K, M S, 70
B 5, 2 R A ORI S B BUk L, AR T
AR RRIETT .

WFFE 45 ] IR B+ S5 il i i,
[Fi) B A7 B8 ol /0 DR o, it ol RORES 2 75 0 e 22
SRS A B RIRE TAE, A B T4 & 5l g™ &
i, Ry OB Pk B A I SRS AT B bR R S HE

S 3k

(1] XU, R, /NI, S5 A f sk b R 78 2 3 K 480 T80

T TR 32 BE T 53 A (0. A S 3h g 24 4, 2021, 36(11):
2430-2436.
LIU Lu, ZHAO Cong, FENG Xiaochuan, et al. Analysis of oil-off
tolerance of angular contact ball bearing under condition of high
speed and heavy load[J]. Journal of Aerospace Power, 2021, 36(11):
2430-2436. (in Chinese)

[2] e, B B4, XK — . WA K 3l L A 4 fh Bk f o b 1 g

[ 2 00 4k 5 15 D). A 25 24T, 2022, 43(9): 184-191.
DU Jianjian, PAN Xiande, LIU Tianyi. Indirect measurement
method for axial load of aero-engine angular contact ball bearing[J].
Acta Aeronautica et Astronautica Sinica, 2022, 43(9): 184-191 (in
Chinese)

[3] WANG Liqin, CUI Li, ZHENG Dezhi, et al. Nonlinear dynamics
behaviors of a rotor roller bearing system with radial clearances and
waviness considered[J]. Chinese Journal of Aeronautics, 2008,
21(1): 86-96.

[4] NOGUCHI S, HIRUMA K, KAWA H, et al. The Influence of lo-

20220389-9


https://doi.org/10.13224/j.cnki.jasp.20200526
https://doi.org/10.13224/j.cnki.jasp.20200526
https://doi.org/10.7527/j.issn.1000-6893.2022.9.hkxb202209011
https://doi.org/10.7527/j.issn.1000-6893.2022.9.hkxb202209011
https://doi.org/10.1016/S1000-9361(08)60012-6

EIPIES

%39 %

W
—

[6

—

[7

—

[8

—

[9

—

(10]

(1]

cation of balls and ball diameter difference in rolling bearings on
the nonrepetitive runout (NRRO) of retainer revolution[J]. Preci-
sion Engineering, 2005, 29(1): 11-18.

NOGUCHI S, ONO K. Reduction of NRRO in ball bearings for
HDD spindle motors[J]. Precision Engineering, 2004, 28(4): 409-
418.

NOGUCHI S, HIRUMA K. Theoretical analysis of the NRRO of
the components of retainer rotation in consideration of diameter dif-
ference and disposition of balls in a ball bearing[J]. Japanese Jour-
nal of Tribology, 2003, 48: 166-176.

NOGUCHI S, HIRUMA K. Theoretical analysis of the NRRO of
the components of retainer rotation in consideration of diameter dif-
ference and disposition of balls in a ball bearing[J]. Japanese Jour-
nal of Tribology, 2003, 48(2): 167-176.

OKAMOTO J, OHMORI T, KITAHARA T. Study on run-out of
ball bearings-relation between unroundness of race and locus of
shaft in rotation[J]. Japanese Journal of Tribology, 2001, 46(7):
578-584.

TADA S. Three-dimensional analysis of non-repeatable runout
(NRRO) in ball bearings[J]. Koyo Engineering Journal, 2002, 161:
31-37.

ARAE, 2R, BRI e, A 5T R TR GE T A TR A TR
T il T e A RE (9] A2 B ) 241z, 2017, 32(1): 155-161.

YU Yongjian, LI Jishun, CHEN Guoding, et al. Rotational accura-
cy of the cylindrical roller bearing based on inner raceway profile[J].
Journal of Aerospace Power, 2017, 32(1): 155-161. (in Chinese)
AR, BRI SE, 2RI, A5 R T LA U8 22 % B AL VR - Hh
ARV 6 K5 BE 14 52 A [0, P8 b Toll K 2 2 iz, 2019, 37(4): 774-
784.

YU Yongjian, CHEN Guoding, LI Jishun, et al. Influence of geo-
metric error of rollers on rotational accuracy of cylindrical roller

bearings[J]. Journal of Northwestern Polytechnical University,

[12]

[13]

[14]

[15]

[16]

[17]

(18]

20220389-10

2019, 37(4): 774-784. (in Chinese)

LIU Yong, LI Ji, SHI Wen, et al. An algorithm to prediction the
radial runout of cylindrical roller bearings[J]. Applied Mechanics
and Materials, 2011, 80/81: 551-555.

Wk, BB, KoM, S5 AL A DU 2 M 3R ol 7R T 7 G R
P PR 2L 0], P E AL T RE, 2020, 31(14): 1678-1685, 1692.
CHEN Yue, QIU Ming, DU Hui, et al. Factors influencing rota-
tion accuracy of four-point contact ball bearings for robots[J]. Chi-
na Mechanical Engineering, 2020, 31(14): 1678-1685, 1692. (in
Chinese)

B, B, A W, A5 RS AR i R i R N R
A AL BRI ST [J]. VG 42 3838 K27 244, 2011, 45(11): 72-78.
LIU Jian, HONG Jun, YANG Zhaohui, et al. Running accuracy of
high speed precision angular contact ball bearings[J]. Journal of
Xi’an Jiaotong University, 2011, 45(11): 72-78. (in Chinese)
T, R, BRI, A ORE % Bkl RN T A Bk Sl e
b Bl R A T[], 3 PR K S 2R R (T2 D), 2012, 42(2):
382-387.

YUAN Xing, ZHU Yongsheng, HONG Jun, et al. Prediction mod-
el of spindle dynamic characteristics affected by non-repetitive Run-
out of precision ball bearing and its application[J]. Journal of Jilin
University (Engineering and Technology Edition), 2012, 42(2):
382-387. (in Chinese)

] % J5 kM G 2 R, TR R v A B R B 2
VR B il 7R ) 5 F0RS 55 09 B U K 75 7% - GBIT 307.2-2005[S].
AT HR bR T A, 2005: 28.

BIAN Wei, WANG Zhenhua, YUAN Juntang, et al. Thermo-me-
chanical analysis of angular contact ball bearing[J]. Journal of Me-
chanical Science and Technology, 2016, 30(1): 297-306.

) % J5 ok M 6 A A R, TR R R v A B R Y 2y
W hih 7k Bk 5 2 38 4 B9 % Bk GB/T 308.2-2010[S]. db 3¢
o I b vl S A, 2011 10.

(i, T23E)


https://doi.org/10.1016/j.precisioneng.2004.03.003
https://doi.org/10.1016/j.precisioneng.2004.03.003
https://doi.org/10.1016/j.precisioneng.2004.01.005
https://doi.org/10.13224/j.cnki.jasp.2017.01.021
https://doi.org/10.13224/j.cnki.jasp.2017.01.021
https://doi.org/10.3969/j.issn.1000-2758.2019.04.018
https://doi.org/10.3969/j.issn.1000-2758.2019.04.018
https://doi.org/10.4028/www.scientific.net/AMM.80-81.551
https://doi.org/10.4028/www.scientific.net/AMM.80-81.551
https://doi.org/10.3969/j.issn.1004-132X.2020.14.006
https://doi.org/10.3969/j.issn.1004-132X.2020.14.006
https://doi.org/10.3969/j.issn.1004-132X.2020.14.006
https://doi.org/10.13229/j.cnki.jdxbgxb2012.02.031
https://doi.org/10.13229/j.cnki.jdxbgxb2012.02.031
https://doi.org/10.13229/j.cnki.jdxbgxb2012.02.031
https://doi.org/10.13229/j.cnki.jdxbgxb2012.02.031
https://doi.org/10.13229/j.cnki.jdxbgxb2012.02.031
https://doi.org/10.13229/j.cnki.jdxbgxb2012.02.031
https://doi.org/10.13229/j.cnki.jdxbgxb2012.02.031
https://doi.org/10.1007/s12206-015-1233-4
https://doi.org/10.1007/s12206-015-1233-4
https://doi.org/10.1007/s12206-015-1233-4

	1 ACBB精度参数分析
	2 ACBB动态精度数学模型
	2.1 几何关系分析
	2.2 ACBB套圈尺寸精度分析
	2.3 运动学分析
	2.4 零件几何外形描述

	3 ACBB动态精度计算
	3.1 不同加工阶段精度变化
	3.2 球数和尺寸一致性对动态精度的影响
	3.3 套圈设计参数对动态精度的影响
	3.4 套圈设计参数幅值变化对ACBB动态精度的影响

	4 ACBB零件精度检测与动态精度试验验证
	4.1 套圈精度检测
	4.2 试验验证

	5 结　论
	参考文献

