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Coupled Vibration Analysis and Sensitivity of HDD
using the Finite Element Method

Semyung Wang*, Kiyoung Yi**

ABSTRACT

The vibration of the hard disk drive (HDD) systems, which comprises flexible disks, flexible shafts,
bearings, and base structures, are analyzed by a finite element method (FEM) to cope with complicated
coupling effects between them. The natural frequencies and mode shapes of the uncoupled, axial and
bending coupled vibrations are calculated. Modal testing of the HDD systems is performed to validate the
finite element analysis (FEA) results. Good agreement was obtained between the computed and
experimental results. Sizing design sensitivity analysis (DSA) of the system was performed with the
thickness of base structure and bearing stiffness as design variables. The DSA results tell how can I increase

or decrease eigenvalue of the system effectively.
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29 3. Natural frequencies of the HDD system
with Imm thickness base plate.
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(a) The flexibility effect of the base structure (b) The flexibility effect of the disk
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(c) The flexibility effect of the shaft (d) The flexibility effect of the hub

2% 5. The flexibility effect of each component on the bending coupled modal frequencies of the HDD spindle system.

(a) Axially coupled mode (b) Bending coupled mode
2§ 6. Eigenvalue design sensitivities of HDD spindle system with respect to the thickness of the base structure.

E 1. Sensitivity Verification for axially coupled mode with respect to thickness of base plate

Element Perturbation YAy
Ay v’
Number 8h %
1.0e-3 7.6563¢7 139.61
71 1.0e-4 1.0632¢8 1.0689¢8 100.54
1.0e-5 1.0687e8 100.01
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B 2. Sensitivity Verification for bending coupled mode with respect to thickness of base plate

Element Perturbation YAy
Ay v
Number Sh %
1.0e-3 2.5721e7 506.36
71 1.0e-4 1.2335¢8 1.3024¢8 105.58
1.0e-5 1.2660¢8 102.87

H. 3. Sensitivity Verification for axially coupled mode with respect to the axial stiffness of the bearing.

Element Perturbation Ay y' /Ay
5k %
le6 6.0148¢e-4 110.08
Upper bearing leS 6.5550e-4 6.6210e-4 101.01
led 6.6159%¢-4 100.08
le6 5.8902¢-4 110.06
Lower bearing 1e5 6.4188¢e-4 6.4830e-4 101.00
led 6.4765e-4 100.10

E 4. Sensitivity Verification for bending coupled mode with respect to the radial stiffness of the bearing.

Element Perturbation Ay ¢ L\
8k %
le6 2.7276e-2 117.07
Upper bearing ieS 3.0098e-2 3.1931e-2 106.09
led 3.1291e-2 102.05
le6 3.7699%¢-2 112.97
Lower bearing les 4.1449¢-2 4.2590e-2 102.75
led 4.1838e-2 101.79
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