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Vibration Analysis of Ball Bearings with Ball Geometric Imperfections

Young-Cheol Kim’, Sang-Kyu Choi’, Ki-Chan Yoon™

* KIMM(Korea Institute of Machinery and Materials)
*x* FAG Hanwha Bearings Corp.

ABSTRACT In this paper, we theoretically analyzed the NRRO(the non-repeatable run-out) of a
ball bearing with ball geometric imperfection. The quasi-static and dynamic analysis of a ball
bearing was performed to calculate the displacement of shaft center caused by the ball form errors
while the shaft is rotating. From consideration of the generating mechanism of NRRO, it is found

that the size and form errors of ball generate vibrations with f. and #nf,*f.(where = is even)

components, respectively. The ball form errors of a ball bearing were precisely measured and
NRRO of a ball bearing was calculated using the measured data. A statistical approach was
performed to analyze NRRO of ball bearings with radial errors.
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1.4 & Bulojge g LTS Alole BA
ol B& dgATIt Aok YutHoz Eo
F2AE flcage A& E)E Fustm, B9 ¥
22a8 BEHE ()L nfyxflold  f,= ball
4EE)E FEste Roew gEA Yo & AT
o) = Hertzian BZe Ny ads xgs =
A4 (quasi-static)d Y 2 FH A& FYstd,

2oole

I HDDS 22 HABAZA7I7Y R77EUE
(magnetic track density)= 3%3%) F7lst1n o
o, o]& ¢sl4 HDD 2WE& Euo]agdr
Aste HurEzQ AFAZE(olst NRRO, non-
repeatable run-out)& |3zt 3= dFrt G

N

3 s k. NRROE A7A717] galMe
HE, A& 2 B4 X¥He 3489 X+ 248
ZA = Rel FRIAAY, FALUE Tt
E 7}2u 82 HR2e o8 7px HEzdo) g
22 NRROY d+1E H&liA B 44U 23
AM AFE Y8 AU

237

29 27 % Yol 71A¢ NRROE #43
Ak 2o YHLAE AFs Fgagen, ¥
9 A%eAE AN Aol skl NRRO #H4
& FURYG. £ A7 A4 AAE o g3
g¥loigs) AABPAA NRRO A3} L A
SEEEE L



2. 2ol 249 A4

21 #34 4 o

Wolzel 7haizE el Ug Alxwel o-7
YPFAe og A)~@9 goo, dY(F,
Fo.F,M, M) $%22 2% 5719 49¥34
o) 878

A)=2F=0 (1)
A=2M=0 (2)

A/ X :‘(\:\t‘.“ :]\\

iKY raceway ;. )
comtral N ! ™~

Fig. 1 Ball loading at angular location j

Fig. 15 o], d54 XA E-JEAX 3
F(Q,), EB-UWEAE 3IF(Qy, LAH(F,)) ¢
Aol223W RHE (M )7t ¥ & ol&Fn Y&
o, g HHtPAL A(3)~(4)s 2o

Qysina;— Q,sina,

3

- -A—fi&(/{,ycosa,;— Ajcosa,)=0

Qiicos @ — Q,;c0S
4)

—%‘L(A,;sina,;—/l,,jsinam-)+Fc,-=0
o, & AAYA B¥ A;=0,4;=2°12, g
Ao BLolE A;=,=02 T},

233, dFE L7 AFY B FHG UgE
AZ 3y A=Y sy Ag 2A4Q
46) 2 OE FET 5 A

(A= X ;)2 + (Ay— Xp)*
- [(#-0.5)+d+8;)*=0
Xi+ X5-1(£,—0.5) +d+ 8,1 =0  (6)
ozt ol ¥ wojYel AW AN AHNA
Zt AF A s 4784, A2"e] il 5709 @
A Mol fFE Alxdo] g 5709 ®lAd
¥ AR wAdezyH Wy UE T4 5 3

(%)

5 WHEL Newton-RaphsonBL =2 F3lx, of
ZE o]&3td A 4789 HNEH J¥LHALS
Newton-Raphson® ol <&l z AF Al i 3
F, 354, HdE5A9 AW € FH &2 TS T
A ddh oleld AA L HEFolsY #ERAE
HEg grtx AdEd EHHNNE FYEo
Fig. 2& & o3 9 &XHF sde FAHE &
FA17)7] A% MR ZEEo|Th

Svstarn Equilibriven

Ball Eguibiitrm

Lutal Gnesaug

Contat Anahyyi:

Fatgue L . . N -
- —_—

X e
Evalasion ., RKetom Vd
No Catact®

Fig. 2 General flow of quasi-static analysis
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Table 1. Specifications of ball bearings

Ball Diameter d (mm) 1.5875

No. of Balis Z (ea) 10

Pitch Diameter D {(mm) 9.1
Curvature Ratio of IRW fi 0.529
Curvature Ratio of ORW /o 0.535

Residual Radial Clearance | Py ( um) 5
Rotating Speed Sy (H2) 120

Table 2 Quasi-static analysis result

zZ 7 8 9 10 1 12

a 19.80 { 19.38 | 19.03 | 1873 | 18.47 | 1824
d; 2.116 | 1977 | 1.863 | 1.766 | 1.683 | 1.610
8, {2113 | 1974 | 1.860 | 1.763 | 1.680 | 1.607
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Table 3 statistical distribution of 10000 balls
generated randomly

HaXA( mm) EEHIH pm)
ol & x| 2 x| O| & x| o x|
1.5875 1.587500361 0.1000 0.099870
1.5875 1.587499362 0.0500 0.050174
1.5875 1.587500163 0.0333 0.033364
o2y g AFdAMe £ EEHxNstandard
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Fig. 9 Time history of NRRO caused
by real waviness of one ball
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Fig. 10 Spectrum of NRRO caused
by real waviness of one ball

Table 4 NRRO components caused by real
waviness of one ball (nm)

z fo | 2f—f | 2t fl 2
7 54.02 9.69 6.61 70.32
8 47.75 8.80 7.06 63.61
9 4272 7.96 7.06 57.74
10 38.60 7.20 6.77 52.57
11 35.18 6.52 6.40 48.10
12 32.30 5.95 597 4422
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Table 5 NRRO components caused by real
waviness of two ball (nm)

ball | £ | 2f—f.| 2h+f| =
12 | 7438 | 1368 | 128 | 10092
13 | 6334 | 1163 | 1094 | 8591
14 | 4612 | 845 796 | 6253
1,5 24 .41 4.44 419 33.04
16 | 099 00 0.0 0.99

Table 6 NRRO components caused by real
waviness of three ball (nm)

ball # | f. | 2fi—fe| 26+ S| 2
1,23 102.84 18.82 17.70 139.36
1,3,5 63.87 11.62 10.96 86.45
14,7 15.69 2.59 2.59 20.87
1,59 2350 445 419 32.14

Table 7 NRRO components caused by real
waviness of four ball (nm)

ball # | f. | 2= F| 26+ f| X
1234 121.20 2211 20.85 164.16
1357 | 4008 | 7.19 678 | 5405
1469 | 099 0.00 0.00 0.99
1267 | 099 0.00 0.00 0.99

Table 8 NRRO components caused by real
waviness of five ball (nm)

ball # | £ | 2fi—fe| 2Ft S| 2
12345 127.72 23.24 20.85 171.81
13579] 099 0.00 0.00 099
12458 4880 8.88 8.37 66.05
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