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NRRO analysis of HDD spindle ball bearings using the measured geometric imperfection
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ABSTRACT

This paper presents theoretical analysis of the NRRO(non-repeatable run-out) for a ball bearing with
geometric imperfection. The 3DOF dynamic analysis of a ball bearing using the Newton-Raphson method is
performed to calculate the displacement of shaft center. Frequency and magnitude characteristics of radial and axial
vibrations are investigated. The ball form errors of the ball, the inner race, and the outer race in a HDD spindle ball
bearing are precisely measured. NRRO of a ball bearing is analyzed by using the measured waviness data. It is

concluded that dominant components of radial vibrations are f, and 2f,+f,, and dominant component of axial

vibrations is 2f,. These are generated by the size error and the second waviness of the balls.
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Fig. 1 Geometry of a angular contact ball bearing
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2.2 Waviness Model
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Fig. 2 Contact deflection between ball and races
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Fig. 3 Measured Waviness

Table 2 Waviness component values obtained by FFT

order ballnm)  |outer race(nm)|inner race(nm)
1st 6.1 1.7 25
9.8 76 9.1

rir

Table 1 Specification of a Spindle Bearing

4th 33 3.7 46

Ball Diameter d,(mm) |
.8 1. .
No. of Balls 7 oth 3 4 3.1
Pitch Diameter D(mm) il 24 4 '8
7th 1.8 08 15

Curvature Ratio of IRW fi

8th 0.9 15 0.6
Curvature Ratio of ORW A /0.535 oth 02 17 6
Rotating Speed fH2) | 120 10th 07 08 y
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Table 3 Relationship between waviness order and
NRRO frequencies

NRRO
frequenciesw

Waviness Type of

motion
radial
radial
axial
radial
axial
radial

Ball

Outer-race

Inner-race

axial
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Fig. 4 Radial NRRO with one ball waviness
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Fig. 5 Axial NRRO with one ball waviness
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Fig. 6 Radial NRRO with outer-race waviness
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Fig. 7 Axial NRRO with outer-race waviness
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Fig. 8 Radial NRRO with inner-race waviness
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Fig. 9 Axial NRRO with inner-race waviness
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