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Research on precision measurement method of pneumatic
drive for radial run-outof bearing

Wang Junfeng,Zhao Wenhui, Wang Fei, Chen Jiuxu,Mao Li
( Shenyang University of Technology, Shenyang 110000, China)

Abstract: In order to achieve the online automatic measurement of the radial runout of the outer ring of P4/P2 angular contact ball
bearings, we proposed a relative Pneumatic driven precision measurement method and have developed an accompanying measuring
device. Through finite element analysis, we assessed the influence of both motor drive and pneumatic drive on the measurement
accuracy. The results show that pneumatic drive exerts a lesser influence on accuracy compared to continuous motor drive, leading us to
adopt pneumatic actuation for our device. A nonlinear mathematical model of the axial vertical deviation angle, offset and radial vertical
deviation angle of the bearing, as well as the measurement error, is established based on the geometric relationship between the
aforementioned variables and the axis deviation of the trigonometric function transformation. The results of the numerical analysis
demonstrate that when the axial vertical deviation angle is within the range of 0°~0. 1°, the offset is within the range of 0~0. 1 mm,
and the radial vertical deviation angle is also within the aforementioned range. The maximum value of comprehensive measurement
error is 7. 5% 107° times the radial runout of the outer ring. Finally, two groups of 7008C/P4 angular contact ball bearings ( factory-
verified outer ring radial run-out of 2, 3 wm) were employed for accuracy verification. The results indicate that the measurement
repeatability is 0. 3 pum.

Keywords :radial runout; pneumatic drive; relative measurement method; raster displacement sensor; accuracy verification test

22 RRORS BE S A i AR 2, R
Bzl 2 T B R R 1 52 28000 A5 AN K 5T, AT 5 1R M
gl $L IR, e Se SRR | m e i B

TR A1 R A 1 Bk B 45 A1 Pl S 2 T A MBI AN R0 AR AR B A R T B v Al ) e e 1 E R R R B
L BN N BT — 81 B R i R S /MRS fER

0 5l

i3

S H 1. 2024- 08-20 Received Date; 2024-08-20
* FEAIH  E R A RFLE I 4 (51975386) T H 9T B



150 f# £ ¥

a5k

X F AR AR [ Bk s 1, NN LR EE T
KARAIBFFE, Okamoto 26 BETT T — Pl 7R 4% 1] Bk 3
SRCE I DS SR R 1 [ R 25 Sy B AR O
AU 3 o bR AT, Aok fad i T —
T TR0 A VR b R E 2 A P P I e B i R ik, FE TR
TAAYEOLT X 4l R P P e A28 ) ~F- 1T P9 B Bk 8h i A 7
AR EE ) A SRR, 765 M ic S AN 2 B B R VR Tl R Y
Brshid B2, BLAbh, 128 B S T RS 6 0 2 Al R P e Y
w1k sl iz sh Bl DL K ks i, I Ao - T Ao 1
RN 13% , da b > RAE T 3 PLR B, 1T
Tk g nT 9 X e Bk sh A, T A 4R 80 ~
400 mm R R R B I &, R W E K E N 1 pm,
TR PR T — ol SR A 73 $2% fok Bk A 7 1 P Bk
S AR, AT I B AME A 19~ 110 mm (1 £ 42 il
BRAMAR , 1R A% 1) Bk sl i) e ) B A I RS O 1 pm, il
1) 5k ) 11 A RS FE O 1.5

Shytt— 4R TR A1 A% 1 ik sh i RS O SR
g 46 T R R IR SR I T T P4/P2
AR N A2 1) Bk sh T

1 HASMNE R EBREhNE F7 %

b 7R AP A ) Bk sl ) I R BN P 1 s, AE P
10 ) 0 o 7 &1 e i Lt o o e 1 2 pvr
RRTR Sh VK 5 7RI 2 IR B ST o el ™ MR Tg e —
Pl 1) 1 A v O B i PR AR AR, A s (R P
TE ST ) e KA 5 Fre/IME 2 22, BRI R Sl A 42 1)
BREh{E
B R F

4B e
]\Q " B

B Bl oM A e ik sl ) i 0
Fig. 1 Measurement principle of radial runout of

bearing outer ring
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Fig. 2 Structural diagram of the radial runout measurement

device of bearing outer ring
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Fig.3  Spectral curve of the sensor probe in the radial

runout direction driven by motor
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Fig. 4 Displacement result of the sensor probe in the axis

direction under pneumatic driven
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Fig.5 Measurement principle of grating displacement sensor




152 f# £ ¥

a5k

2 EKERBESRESN

PN T PR T 3B G ) H S T R R Tl iR 25 R 3 %o
I AE R A — 2 A REN , AT 75 20 A i TR AR i
R LT b AR 1) G 3l 00 25 SRS ) O
FEAFIN TR WO B 2R AN 6 fis, A SO ZE 2O
PR AR BRI i 15 AR AL A2 TR A 5 Tl R A1 il
1) T 70 22 A A i il 2 A e e Al AR P2 3 NI T
5 BC R 2 DA ZONT e B DM A B R A HE A T 0

M

$34H6mS S
[ [o002] N
0.02|A
N
0.02 1 ﬁ\ 1%
e e ) R Ig

Bl 6 TS PR

Fig. 6 Machining and assembly accuracy
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Fig.7 The vertical deviation angle between the axis of the

sensor and the outer ring of the bearings
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Measuring and testing device for radial runout of

bearing outer ring
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Table 1 Measurement data of radial runout of outer ring of test bearing 1 (pm)
2H 51 b SR € Bk sl
1 0.8 0.7 0.4 -0.4 -0.2 -0.5 0 -0.8 -1.4 0.5 2.2
2 0.1 -0.7 -1.1 -1.0 -1.6 -1.8 -2.1 -1.5 -0.8 0 2.2
3 0.5 0.2 -0.5 -0.3 -0.8 -1.6 -1.9 -0.9 -0.4 0.4 2.4
4 -0.8 -0.7 -0.1 0 -1.1 -1.3 -1 -0.2 0.9 0 2.2
5 0 -0.3 -0.6 -1.2 -1.8 -0.9 0.2 0.6 0.5 0.1 2.4

6 -0.4 -0.9 -1 -1.4 -0.9 0.4 -1.3 -1.5 -1.7 -0.5 2.1
7 -0.1 0.3 0.7 1.5 0.6 0.7 0.1 -0.9 -0.5 0.3 2.4
8 0.5 -0.1 -0.6 -0.3 -0.9 -1 -0.7 -1.6 -0.8 0.1 2.1
9 -0.8 -0.2 -0.9 -1.3 -1.8 -1.5 -0.2 0.4 -0.4 -0.7 2.2
10 0.3 -0.1 0.7 -0.6 -0.3 -0.8 -1.1 -1.6 0 0.3 2.3
F2 I 2 SMETR BB EH R

Table 2 Measurement data of radial runout of outer ring of test bearing 2 (pum)

415 0 A5 08 Bk sl
1 0.9 0.5 0.3 -0.4 -0.2 -0.7 -1.2 -1.5 -0.8 0.7 2.4
2 0.4 -0.3 -1.3 -1 -0.6 -1.6 -2.1 -1.3 -0.6 0.3 2.5
3 0.6 0.2 -0.4 -0.7 -1.5 -1.3 -1.9 -1.1 -0.4 0.3 2.5
4 0.3 -0.2 -0.7 -0.3 -1.1 -1.6 -1.0 -0.2 0.3 0.7 2.3
5 0.5 -0.3 -0.6 -1.2 -1.6 -0.9 0.2 0.8 0.5 0.4 2.4
6 0.7 -0.3 -1.3 -1.1 -0.6 -0.4 -1.3 -1.9 -1.1 0.3 2.6
7 0.1 0.7 0.9 -0.5 -0.9 -1.3 -1.6 -1.1 -0.5 0.3 2.5
8 0.7 -0.1 -0.6 -0.3 -0.9 -1.4 -1.8 -1.3 -0.4 0.5 2.5
9 0.4 -0.2 -0.6 -1.3 -1.9 -1.5 -0.2 0.6 0.3 0.7 2.6
10 0.6 -0.1 -0.7 -1.2 -1.9 -0.8 -1.1 -0.5 0 0.4 2.5

XFH T K S AR 1 Bk sl i 2 FT 3 pum 19 7008C/
P4 G £ 12 fib R A 7R A 100 2 I X6 5 Ak B 55 43 A R A
SR BEENE H 2. 2540, 11 wm BRI IR 1 09 B85

BEH4 99. 7% , AMEI 42 [n] BE B {E A 2. 48+0. 09 wm AR 56
W 2 BEAEEER 99. 7% , PR AR 2 B ) D o o 52 PR A
BEA 0.3 um,
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Table 3 Calculation results of radial runout measurement

data for the outer ring of bearing 1 (pum)
r 1 N Blim(r) R
2.25 0.12 0.04 +0. 11 0.3

F4 R 2 MERERNERIFEITELE R
Table 4 Calculation results of radial runout measurement

data for the outer ring of test bearing 2 (pum)

T 1) S Oim( 1) R
2.48 0.09 0.03 +0. 09 0.3
4 % e
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