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Fig.1 The miniature self-aligning ball bearing
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Tab.l1 The geometric parameters of miniature self-

aligning ball bearings
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Fig.2 The motion analysis of miniature self-aligning ball

bearing
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Fig.3 The load analysis of miniature self-aligning ball bearing
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Fig.4 The deformation analysis of miniature self-aligning

ball bearing
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Fig.5 The effect of clearance on contact load
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bearing in an oscillating application
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Fig.8 The oscillating motion scheme of bearing

of S I R g T A T T R R Tl e AR 7
T o 2 A A TR e . WP Bk BT R
2y, 2y 5 R R T A 0 R R 7 AR T S K v AR
I B A7 F, 8 3 A ) A JEAs i 2 Bk AN Ah A it
IRl R o AR 1) g 28 a0 2 A R i 32 3 46 il
7R, AT IR0 AR A B 5 T 0k PR 45 T R e DN ) 2 0
o 2 A ) A TR W I A LA AR DL

AR il 2

9 EsK kg %

Fig.9 The sinusoidal pulse loading scheme

24 BEMEBEBAELKNATR

AN 10 Fir 7, a6 ol 7 A Pl g S A Al T AR
iz gl RS e S Ah s [ U1 ) e i s
3 3 R RIS e B 55 A0S [, ) A S e L R
[ 7 249 0, AT R A 3 56 7R S P 19z Bl o il
YY1 ) F Lt D0 i R4 B I P B 4 A1 B Y
BEIIH M = F d, i A B il 7R O 75 B A fs
Do d 2 F 20156 il i 2 00 B B, 20 A0 i R A R
o 00 o 2 Ak A S i K At AR D



516 E IR

A1 %

LLAMR AL RS DIl otk kds

PIE e
P 1O 3R R 482 3 A A Y 7 5%
Fig.10 The detection scheme of temperature and friction mo-

ment

25 RBRAZESREMEH AR

WE 11w R R G0 PC Ry EATHL, R 45 il
R A s LA PLC A R A7 HL, 4 Bl I 56 2 i A B
il s PC 548 45 2% PEAT £ 100 38 TR, 52 B0 BL A% T
2 ) 0 S 1t 5 e ) AR SR R B AR IR U ) D A%
J R 21 A0 B AT R g B L A A S AR R
USB-6343 SZ i R4 .

_ e
Ei| ped); Ry oo
wrndl T2 g
T
fergss 1T
ST AR B LR )
— it

BRI TR
K11 A5 o R AR 7 58
Fig.11 The scheme signal acquisition and electrical control

26 RBRAGZHRGAE

IR fth 7R PR 1 B 5 A7 i 2B X RO IR A 1Y
— AR DI IR A7 A T AR e 2 80O MR AR
i, R RGEHM R LabVIEW 5 IF & K
[F) i SR 4 2% b R B RS AR B IR 7 0 3K
67 it JEE AR Bh I S 4, AT 0 A (e L o A
15 fE

3 HBARFERARERELOSH

31 RAEREHEAIER

ARWEFETIT K W AR 9 3R Al 7422 Bl T AR ik

EamE 12 PR kG RBN EEE RS
@ 22 47 9 B2 i/ B b e[ 50, 1500 J¥/min; @ £
JH B 0RO N Bel0,6.5]°5 O K far W K WE B N
F.€[0,100 IN; @ ¥ 20 fin 2 B2 W & 5 [ o [ — 500,
500] g; © & BE W G OKE O KW B b 1C
[ —20,300 ] °C; © # faf M 5 K5 B2 M 6 o 02N,
[0, 200 IN; @B 7 50 00 10K B G 5N - pm,
[ —5,5 N -mm; @ &5 5 >R A 3 18 £ 5y
32,500 kS/s.

»; < M2 N

P12 R R A AR S 3 T AR R il e

Fig.12 The test bed for operational characteristics of minia-
ture self-aligning ball bearings in an oscillating appli-

cation

3.2 KEHIES T

T o A A Al R B A 1) AT FL R R AR B0
13 BT 7, AT 0 2o 1E 5% HLAG A T o i 3, AR
U MBS BT TUAE A9 A58 1] AT IE 52K b AL

AR R /N
=

0 100 200 300 400 500 600 700
HHAHERE A / (°)
P13 il AR ) 4
Fig.13  The radial load of bearing

24 1 4l 4% T = 1200 r/min R, il A 35 Ak
5 1 3% Bl o A5 S an P 14 Ca) BF s, D o B A
S AT ) R B AT, AR 14(b) TR AT A
BEAR 5 0 J2 2 A R 0% 20 Hz i R A5 45, ik
AR AR 5l il 2 AR N I 5% Ik e g e AR — 2

o JEE 488 0 ML AR AR L an 1 15 i, AT DL



o5 3 14 LR, S OB R0 BR A R AR B TR R AT RO 517

12.5 27.0

10.0F
~ 75 . 26.5
<50 = ]
g o | ‘ = 26.0
= : Ju)
e 0 # 255
w _25 ﬁ o 1“_?./
= ’ N 25.0 Frli
R -5.0F = |
= o 24558y o

25— 00 31015202530 35404550 556065 70

t/s RIIZ TS A / min
(2) TRENINEEES & 16t B2 A Ak
(a) The vibration acceleration signal . L .
- Fig.16  The variation of bearing temperature
w0 4% i
7 10f
E 4 1) S g R AR 7 1 B 19 AR 2 ) 2
&5 6 {95 T 20O SR it W T A R 90 75 4 A5 S )
sin . . . -
% af BE B T 1 B i RN EE AR D AR R R b o
Bl 2) 5 it 4 b 1k 161 I B Rl Jek e fih £ 7 G
P ) A " LA N N N A /El N N ~ L I o
% 0 20’53 40 50 60 70 80 90 100 3&%’4?'%%ﬁw?%‘?ﬂﬁﬁﬁo o
f/Hz 3) I ) — i AR a0 B G R O 2 8 75 A iR O

(b) ThEEEE T
(b) The power spectral density analysis

M 14 RS A5 5 ko b

Fig.14 The analysis of vibration acceleration signal

U R A Sl S B 1R Sl 3 U7 1 i AR AL EE
B HETT B 2 O, S AR SR AL, 5 S
(0 BRVE 7 AT 45 2R — . Tl R A0 46 Tie B R i 3 2
PiC 15 22 B 52 R, 45 A Bl R B9 5 45 ) R MR A A% S
AT .

HAREESE I3 / (N + pm)

150 -113.4 S HK3
-200 , , | CHEBE
0 200 400 600 800 1000

AR R L / (°)
I15 R ) o
Fig.15 The friction moment of bearing

iyl 7R3t B Y 22 A B0 AN 1 16 BT sl L Al A
JEZE 1 IR 2N T AR TR AP 1 1 2 A A
KBRS LRI E R IS AT R B 1 T AR
SR A A Pt /N TR RE 3 5 C B DL R iR
JEARAG AN, TP il B L LD BRI R v T 24 2°C

L, B APl R g S 132 2 R 52 A A B S PR T
I8 28 48 D Bl 2 o Bl i e 3 48 0 ) AR R A
b i K A7 i 1000 £ 3t 1 s e A A

4) SR HAT AR AR I BE 2 B S I 4G
R — B W Al 7 B A S R i IR
k.

z % X

(1] sUREAE, JEIBEAE | b B0 X L4 9800 BR ol 7R o g 2 P i

R KU B R e B (0] ROk TR AR, 2013,
29(19): 63-70.
ZHUO Yaobin, ZHOU Xiaojun. Analysis of effect of
clearance on static mechanical behavior for double row
self-aligning ball bearing and control of clearance [J].
Transactions of the Chinese Society of Agricultural En-
gineering, 2013,29(19): 63-70.(in Chinese)

(2] sUREMS, JRIGEAE . R TR OC1 BR 19 8l ) e P

BriT]. HLAR TAE224R , 2015, 51(5):37-46.
ZHUO Yaobin, ZHOU Xiaojun. Dynamic characteris-
tic analysis of high-speed spherical ball Bearing[ J]. Jour-
nal of Mechanical Engineering, 2015, 51(5) : 37-46.(in
Chinese)

[3] ZHUO Y, ZHOU X, YANG C. Dynamic analysis of
double-row self-aligning ball bearings due to applied
loads, internal clearance, surface waviness and number
of balls [J]. Journal of Sound and Vibration, 2014,
333(23): 6170-6189.



518

/) I

w5 2

W %41 B

[4]

[5]

[6]

[7]

[8]

[10]

NG, BRIGEBE . S AT A 08 3T R AR Ve LRI TR
SR HT]. Hoas SR, 2015(2) :82-85.

SUN Hao, CHEN Xiaoping. The principle and applica-
tions of parallel-axis layout stirling cooler [J]. Vacuum
&. Cryogenics, 2015(2) :82-85.(in Chinese)

NG, BRIBEBE , 7% 53 . /N LSRR A v WL A A S
SRR L8MEA, 2015, 37(11): 906-910.
SUN Hao, CHEN Xiaoping, QIAO Yong. A review of
micro stirling cooler for aero[J]. Infrared Technology,
2015, 37(11): 906-910.(in Chinese)

SO RS, AR AR A )0 D6 Bl R N B A
ik g K A5 A e M LT ]. ML A% 3, 2016(10) :105-109.
LU Jianjun, QIU Ming, LI Yingchun. Accelerated life
test and life analysis of self - lubricating radial spherical
plain bearing [J]. Journal of Mechanical Transmission,
2016(10) : 105-109.(in Chinese)

MRENK, A5 SR, AR ANER . WO Rl R 4 gl R 4
JIFE I TR LT ] i S I H AR, 2016, 43(9) -
43-46.

CONG Zhibin, LI Baofu, LI Ruyan. Measuring meth-
od for swinging friction torque of self - lubricating joint
bearing [J]. Metrology &. Measurement Technique,
2016, 43(9): 43-46.(in Chinese)

HOMESR R T4 IR PR VR 2 Y B I I G T RloR M RE 4
HrlJ]. 47k, 2018(7): 48-52.

HUANG Xiongrong. Analysis on performances of self-
lubricating spherical plain bearings with cermet coatings
[J]. Bearing, 2018(7): 48-52.(in Chinese)

PR, R, ThE B, A B O MR B
W K 73 fiw WA BT gE BUIR [T] MR & i, 2018,
32(21): 3796-3804.

LI Junchao, ZHU Lina, MA Guozheng, et al. Re-
search status on quality inspection and life evaluation of
self-lubrication spherical plain bearings [J]. Materials
Review, 2018, 32(21): 3796-3804.(in Chinese)
FOREME , RGeS, Bl ARAT, 25 v o OGR4 8l
FE e VR I 2 28 BF ) [T]. A 2% X 3R 2 4, 2014,
35(3): 593-600.

ZHUO Yaobin, ZHOU Xiaojun, LU Linzhen, et al.
Research on the inspection system for high-speed spheri-
cal bearing performance characteristics in an oscillating

application [J]. Chinese Journal of Scientific Instru-

[11]

[12]

[13]

[14]

ment, 2014, 35(3):593-600.(in Chinese)

HARRIS T A. Rolling bearing analysis [M]. 5" ed.
New York:John Wiley &. Sons Inc,2006:119-130.
kA, PR T RS R A S IM ] st
B Tl 1 higAt:, 2009 : 1-10.

Ehl, EFEAR, 45k, % . Hilbert-Huang 284 7E L2 18
B Al R R A2 Ik b g e A T]. RS I S5 2
2013, 33(S1): 184-187.

WANG Can, WANG Jiale, HUI Qiang, et al. Applica-
tion of fault diagnosis of locomotive rolling bearings
based on HHT of LabVIEW [J]. Journal of Vibration,
Measurement &. Diagnosis, 2013, 33(S1) : 184-187.
(in Chinese)

WRICHE, WARZE, Wik, &5 . — I THGETM 2
o5 5 m g RS A [T]. HL OB AR A iR, 2016,
52(14): 106-115.

CHEN Wuwei, TAN Dongkui, WANG Hongbo, et
al. A class of driver directional control model based on
trajectory prediction [J]. Journal of Mechanical Engi-
neering, 2016, 52(14): 106-115.(in Chinese)

Pow Rl , 2R, SIS, S 56T e 00 i KU
WRGELT]. fiksh A5 2 W7, 2018, 38(1):190-195.
YAO Xinke, PENG Hanmin, HU Jie, et al. Wind
speed identification system based on piezoelectric bi-
morphs[J]. Journal of Vibration, Measurement &. Diag-
nosis, 2018, 38(1):190-195.(in Chinese)

FE—IEEE T SR, T 19814 1A
AL YR . EEWRIE 5 ) S HL I & A
Al AR B MU B . B R R
{Dynamic analysis of double-row self-
aligning ball bearings due to applied
loads, internal clearance, surface wavi-
ness and number of balls) ({Journal of
Sound and Vibration) 2014, Vol. 333,
No.23)3 30,

E-mail : zhuoyaobin@163.com

BEMEEB N B, B, 196549 1]
AR . FBERRGETS E ORT S LA
R Bl i 5 3D AT ENAR .
E-mail :anst_yxp@163.com



