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Dynamic modeling for double-impulse behavior of ball bearing

in the presence of a spall on inner race
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(Key Laboratory of Vibration and Noise under Ministry of Education of Yunnan Province,
Faculty of Mechanical and Electrical Engineering,

Kunming University of Science and Technology, Kunming 650500, China)

Abstract; A ball bearing in the presence of a spall on the inner race was studied. Based
on Hertzian elastic contact theory, a research on non-linear excitation mechanism excited by
the spall fault was carried out, and the internal excitation mechanism of double-impulse phe-
nomenon was studied. As a result, a novel coupled non-linear dynamic model for double-im-
pulse behavior of the ball bearing with a spall on the inner race was proposed, by considering
the contact characteristics between the rolling elements and the bearing races and the excita-
tion mechanism of time-varying displacement and contact force. The coupled solution to the
second order non-linear differential equations was obtained by applying the Runge-Kutta nu-
merical integral method, the relationship of double-impulse time spacings extracted from the
simulated vibration signal was investigated. By comparison of the simulated, experimental
and theoretical double-impulse time spacings under diverse shaft rotating speeds and inner race

spall sizes of the ball bearing, all the relative errors between the simulated and theoretical
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double-impulse time spacings were less than 2 percent, and that between the simulated and

the experimental double-impulse time spacings were less than 12 percent. In addition, the

simulated signal agreed well with the experimental signal. Consequently, it was concluded

that the effectiveness of the proposed nonlinear dynamic model in predicting the double-im-

pulse time separation and vibration characteristics of the ball bearing was well validated.
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FE 9/ (r/min)
) b 5 1% 2%
293.54 440. 93 589. 56 738. 94 887. 50

I e R 18] B /s 0. 002569 6 0.0017000 0.0012716 0.0010156 0.0008457

S0 s i) [ B /s 0.0023100 0. 0014930 0.0011910 0. 0009900 0.0008100

A5 T 8] 8] B / s 0. 0025540 0.0016910 0.0012900 0.0010130 0.0008630
ST S IR 22/ Y 10. 10 12.35 6.42 2.52 4. 22
P RE/ % 0. 61 0.53 1.45 0.26 2.05
P E 5 5miR 2%/ % 9.50 11. 82 7.86 2.32 6.27

x4 HE Imm RFFHENER DR GEZF B & 6 E R L

Table 4 Comparisons of theoretical, experimental and simulated double-impulse time spacings under spall size of

1 mm of the inner race

3/ (r/min)
] B 5 15 25
293. 54 440. 93 589. 56 738. 94 887. 50

B4 6 18] ] B /s 0.0017687 0.0011786 0. 0008788 0. 0007022 0. 0005845

S ] ) B /s 0. 0019600 0. 0012030 0. 0009330 0. 0007900 0. 0006100

{5 205 1] 1) B / s 0. 0017480 0.0011620 0. 0008890 0. 0006980 0. 0005950
S L R 2 % 10. 82 2. 07 6.17 12.50 4. 36
ESHBRE/ % 1.17 1.41 1.16 0. 60 1. 80
P B 550 2%/ % 11. 99 3.48 5.01 11. 65 2.46
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