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Abstract

Deep groove ball bearings are key components in electric motors, and clarifying their dynamic char-
acteristics is of great significance for bearing fatigue life prediction and design improvement. Based
on contact mechanics and fluid mechanics, combined with the geometric deformation and force con-
ditions among the internal components of the deep groove ball bearing, a bearing dynamic model
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was established. This model analyzes the dynamic characteristics of the bearing according to the
coordinated deformation relationship among the balls, rings, and cage. First, taking the deep groove
ball bearing as the subject and combining its geometric structure and internal interaction relation-
ships, the bearing dynamic model was established. Then, typical working conditions during bearing
operation were used as input data for the bearing dynamic model simulation. Next, the fourth-order
Runge-Kutta method and the Newton-Raphson method were used to solve the dynamic model. Fi-
nally, the bearing fatigue life was calculated based on the L-P theory. The results show that the sta-
bilization rate of the cage slip rate is inversely related to the rotation speed and positively related
to the load, meaning the slip rate stabilizes faster under low-speed, high-load conditions. The colli-
sion force between the ball and the cage clearly oscillates during the starting phase and is positively
related to the load, with the collision force entering a stable state earlier under high-load, low-speed
conditions. The bearing life is inversely related to the rotation speed and the load.
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Figure 1. Schematic diagram of the bearing and coordinate systems
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Figure 2. Schematic diagram of raceway and rolling element positions. (a) Schematic diagram of the
relative position of the outer ring raceway and rolling element, (b) Schematic diagram of the relative
position of the inner ring raceway and rolling element
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Figure 3. Schematic diagram of pocket contact parts. (a) Rectangular part contact, (b) Circular part contact
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Figure 4. Schematic diagram of the interaction between the cage and the rings
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Figure 7. Cage slip rate under typical working conditions
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Figure 8. Bearing fatigue life under typical working conditions
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