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Finite Element Analysis of Vibration of HDD Disk-Spindle System

with Rigid Complex Spindle and Flexible Shaft

0Sanghoon Lee and Gunhee Jang

Abstract
Equations of motion are derived and solved using the finite element method substructure synthesis for

the disk-spindle system with rigid spindle and flexible shaft. The disk is modeled as a flexible spinning

disk by Kirchhoff plate theory and von Karman nonlinear strain. The spindle supporting the flexible disk

is modeled as a rigid body to consider its complex geometry. The stationary shaft supporting the rotating
disk-spindle-bearing system is modeled by Euler beam, and the ball bearings are modeled as the stiffness
matrix with 5 degrees of freedom. Developed theory is applied to analyze the vibration characteristics of

a 3.5" HDD and a 2.5” HDD, respectively, and modal tests are performed to verify the simulation results.

This paper shows that the developed theory can be effectively applied to the rotating disk-spindle system

with the spindle of complex shape.
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Fig. 1 Schematic drawing of HDD
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Fig. 2 Rotating disk with rigid body motion
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Fig. 3 Geometric relationship between mass center
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Table 1. Design variables of HDDs
3.5"HDD 2.5"HDD
Outer Radius 47.5¢-3 32.5¢-3
Inner Radius 12.5¢-3 10e-3
spindle mass 24.3e-3 9.46 ¢-3
E (disk ) 7.2e10 6.55¢10
v (disk ) 03 0.23
E (shaft) 20e10 7.2¢10
v (shaft) 0.3 03
balls in a bearing 8 10
single ball stiffness 5.71e6 2.86¢6
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Fig. 4 Campbell Diagram of 3.5” HDD
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