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Design Tolerance of High Speed Spindle considering the Variation of
Ball Contact Angle in the Angular Contact Ball Bearings

Chan Hong Lee*

| Abstract I

Angular contact ball bearings in a high speed spindles are under the extreme conditions, such as high temperature,
big centrifugal force and thrust cutting forces. So, the assembly contacts between spindle shaft and inmer ring of
bearings, bearing housing and outer ring of bearings are occasionally unstable at high speed revolution. Furthermore,
the ball contact angle of a bearing, which influence stiffness and lifetime of bearings, are changed according to external
loads and rotational speed. To analyze internal forces of a bearing under high speed revolution, the ball contact angles
are calculated using nonlinear equations in consideration of rotational speed, thrust loads and raceway form. Diameter
increase of inner and outer ring by influence factors, such as internal forces to inner and outer ring, centrifugal force
and temperature of inner and outer rings are calculated to establish stable state in bearing assembly in high speed
spindle. Finally, contribution ratio of influence factor to assembly design tolerance of inner and outer rings are shown
and the stable assembly design tolerance are proposed.
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Fig. 2 External Forces of High Speed Spindle
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Table 1 Specification of Angular Contact Ball Bearing

(mm)
Bearing Type NTN, HSE
Outer Dia., d, 68

Inner Dia, di |40

PCD, dn | 5385

Ball Dia,, D 6.35

Ball Number, Z | 19

Angle a, 20° (Orpmy)
Race radit 1.08
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Fig. 7 Ball Position under Centrifugal Force of Inner
Ring Mass
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