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Dynamic Characteristics of a Coupled Journal and Thrust Hydrodynamic Bearing
in a HDD Spindle System Due to its Groove Location
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ABSTRACT

This research numerically analyzes the dynamic characteristics of a coupled journal and thrust hydrodynamic bearing due to its
groove location which has the static load due to the weight of a rotor in the axial direction and the dynamic load due to its mass
unbalance in the radial direction. The Reynolds equation is transformed to solve a plain member rotating type of journal bearing
(PMRI), a grooved member rotating type of journal bearing (GMRIJ), a plain member rotating type of thrust bearing (PMRT) and a
grooved member rotating type of thrust bearing (GMRT). FEM is used to solve the Reynolds equations in order to calculate the
pressure distribution in a fluid film. Reaction forces and friction torque are obtained by integrating the pressure and shear stress along
the fluid film, respectively. Dynamic behaviors, such as whirl radius or floating height of a rotor, are determined by solving its
nonlinear equations of motion with the Runge-Kutta method. This research shows that the groove location affects the pressure
distribution in the fluid film and consequently the dynamic performance of a HDD spindle system.
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Fig. 3 Coordinate system of journal bearing
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Table 1 Specifications of a hydrodynamic bearing used
in a HDD spindle system

Design parameter Joumnal Thrust
Viscosity g {Pa-s) 0.018 3.018
Rotational speed [rpm} 15000 15000
Clearance ¢ [um] 3 i5
Groove angle @ [°} 20 20
Groove depth ¢, [um] 45 30
Ridge to groove pair ratio & 0.25 0.5
Number of groove 8 8
Length to diameter ratio L/D 0.5
Radius of journal R [m] 0.00175 .
Inner radius R, {m] . 0.002
Center radius R, [m] 0.00275
Outer radius R, [m] 0.0035
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