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A Study on the Vibration Analysis of Multi-~components Damaged Ball
Bearing under Radial Load

(Part 1 ; Theoretical Calculation of the Contact Load and Elastic
Displacement of the QOuter-race)

Y.J. Kim, H.J. Jeon

Abstract

With the Hertzian contact theory, it is possible to determine the bearing load distributing
pattern among the balls and rollers and also variations of the lo&d-displacement relationships
for rolling elements contacting raceways according to bearing clearance, load distribution,
contact forces and dimensions of bearing components (i.e¢ diameter of raceway and rolling
elements), etc.

In this paper the calculation theories of contact load and normal approach between two
raceways under radial load are reviewed, and compared these calculation results with those
of experimental results.

A new calculation theory for elastic displacement of outer-race of ball bearing under
radial load is developed by authors by application of energy method, which is independent
on the effects of roughness, bending or eccentricity of bearing with driving shaft, and

is effective in measuring the location of its defect.
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Fig.2.2. Vibration response under radial load
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Table 5.1 Dimensions of tested ball bearing
Bearing
Item \\ 16006 Nu 1006 6206 6208
Symbol
Number of balls 4 1 14 9 9
Inner race Dia. D, 36.15mm 36, 5mm 37.12mm 48. 2mm
Ball Dia. D, 6. 35mm 6. 0mm 9.516mm 11.9mm
Outer race Dia. D3 48. 85mm 48.5mm 55. 8mm 63.91mm
Width B 13, 0mm 9. 0mm 16.0mm 18. 0mm
Outer race mean Dia. a 29, 0mm 33. 6mm
Radius of outer race groove] Rro 3.2mm 5.05mm 6.031mm
Radius of inner race groove| Rg; 3.2mm 5.2mm 6.031mm
Sectional area A 57. 5mm? 82. 1mm?
Sectional moment of inertial 7 40. Imm?* 254. 8mm*
Contact stiffness K, K 4.915x 104 3.922x 104 2,631 % 104 4.04x 104
kg/mm?-5 kg/mm!-1t kg/mm!* s kg/mm!.5
Sum. of curvature NN 0. 373mm™! 0.2762mm"! 0. 247mm-?
(inner race)
” (outer race) X P 0.276mm™! 0.1992mm"! 0.165mm™!
Dimensionless Coeff. §;* 0.416 0. 66 0. 459
(inner)
" (outer) 8% 0.434 0.785 0. 407
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Table 5.2 Calculation and measured results of ball bearing 16006, NU1006 (Unit: pm)
Specimen Force Timoshenko| {Palmgren Harris White Tamura Measured
@, kg . (dmax) (28) (2% (28) (8max) (8max)
98 11.7 11.6 13.6 12.2 18.4 13.0
16006 196 30.2 19.5 22.5 19.2 24.5 20,1
298 45.7 26.3 30.0 24.8 32.6 28.9
392 79.6 ‘ 32.2 36.6 31.2 39.3 31.5
98 2.7 2.8 2.3 2.3
NU1006 196 8.1 8.2 7.5 4.5
294 11.0 11.7 11.4 9.9
392 13.3 14.7 13.0 12,1
Table 5.3 Calculation results of ball bear
ing 6206 (Unit: pm) =
- Timosh-|Palmg- . Proximit
rsnp;lc‘ 5?{55 e?é(:r)] 5 rer(lzs) Hérg)ls %ﬁg% transd ucy er
74.0 23.1 22.6 16. 0] 27.9
122.6 32.1 31.5 22.2 39.0
170.6 40.1 39.2 27.8 48.6
6206 218.6 47.3 46. 3| 32. 8 57.3
266. 6| 54.0 52.8 37. 4 65.4
314.9 60. 3 59.0 41. 6 73.0
362. 6 66. 2 64.9 45.8 80.3
74,00 21.3 210, 14.8 259
122.6 29.7 29.2 20. 6“ 36.0
170.6,  37.0]  36.4] 25 SE 44.9
6208 218.6|  43.7]  43.0| 30.4 52,9
266. 6| 49.9 49.0 34. 8! 60. 4
314.60 557 548 388 6.5
362. 6| 61.2 60. 2 42,6 74.1
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o]z 2 iAol sol w3l BRBENE Bt ws

,_@v _ dv ds _ e\ dv _{ a\,
V=G T ds (a+z) ds (a+z) v (©
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&=a+z
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