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Finite Element Modal Analysis of a Spinning Flexible Disk-Spindle System
Considering the Flexiblity of Supporting Structures and an Actuator in a HDD
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ABSTRACT

This paper presents a method to analyze the vibration of a flexible spinning disk-spindle system with FDBs, flexible
base structure and an actuator in a HDD by using the FEM. Finite element equations of each component of a HDD
spindle system from the spinning flexible disk to the flexible base plate are consistently derived by satisfying the
geometric compatibility in the internal boundary between each component. A global matrix equation obtained by
assembling the finite element equations of each substructure is transformed to a state-space matrix-vector equation, and
both damped natural frequencies and modal damping ratios are calculated by using the restarted Arnoldi iteration
method. The validity of the proposed method is verified by comparing the simulated natural frequencies, mode shapes

with the experimental results.

1. M B
HDD & o AR AR vz 7|9 §%F ojn)
7}A0] APsle] FaAY, fyxd Flvetel 2
mobile A9} TV £3 & 7HEAE 07 1
g Rok2 Wiy ok HDD &= 3.5" HDD ©l
A 25" 9 1" HDD o8 A% 95 o
mobile Ao ALLHHA 53] FZH] Zeldt
HDD 9 7o) F2 FIAZ dF5H1 9lo, o
g F¥37] e Es dFolole g X&e HDD
< A gAra-A91E AAH 14 AT Y
A g e Y dFe] o AFHAR o)
1 gk

Fig. 1 & 25" HDD o] +Z& ey wo]x

Z 7o) E (base plate), TlAIZ-AHES A A" o
FollolE ol AMZ FAH o}, FAHME o
A-29% AARE tAa, 3 E(hub), AHo0]
A (spacer), E#¥Z(clamp), FT A4, 23
(yoke)Z F49d AR 4 5 wiod 2
g AR HEQ A= (stator), H|ojA E#e]
EZ FAFHAY, dAFdoleE HE HoH

* ggdsta g LA
E-mail : 4hee2@paran.com
Tel : (02) 2299-5685, Fax :.(02) 2292-3406
> Fgdittw ek FLU)AT g
s Qopoisha J) AR
**xk AL A 2} Storage AFE -

-330-

(pivot bearing)oletn E#$E= Ew ¥ (bal
bearing) 22 AX|H1 %(arm), AAHA, E-E
£ (E-block), fantail @ HloJE{E Y A+ &
E(head) & T4 ¥l Utk HDD 9 A tA3
AolE Ed(track)olgtn 2= 444
dlojel 7t 2oiA m AFeoje] Eedel e 3
E7t o] 5 wet dolHE i 2 FEE H
dth uhEtA taade] Efs ss Abo] A
o wHrE AXYE dolgE YA REe
TMR (Track Mis—Registration)©] A3HA =
v £3] Non—repeatable Runout & HoJE A7
Y=ol TPI(Track Per Inch)ell g3 wXc},
wetr] QFofoleE E3s HDD fAz-Ad

_

Ui

< A2"e 14 AF 9 A 2AF g4 A
g HDD ¢ 78 9 7198% Fdol I+

A P Ajol},

2 AFAEol A=
£& ¥8% HDD 2/ A
285t} gtov Jintanawan'UE

LY
Hr

wi e

ox W 4 - >

Sl fo BN o E

M4t Jang® =
A& ol &t AAFHY &
3k 3.5" HDD A|A®9 7
I8y HDD ¢ $E54

Hlojx Eo]ES fddgel s
= o]Eo] At A WP

E
ot ®
tlo T

{ HE

BN

o &
=
32
o)

T

2
o
4 fo oX
=W
T o2 Mu
:10 0?1\-" N
R o 3,
13

de g
N

2
e



Upper Journal bearing

Lower Journal bearing

Shaft Suspension

Pivot bearing
Overmold

f Arm

Magnet
Yoke
Upper thrust bearing

Lower thrust plain bearing

Fig. 1 Mechanical structure of a HDD
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Fig. 5 Finite element model of a HDD spindle system
with base plate and an actuator
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Table 1 Element number and type-for each substructure of a
HDD with an actuator

Components _Ef:;;t Elgment type
Base plate 34,532
Stator 674
Sleeve 724 Tetrahedron element
Thrust cap 147
Thrust yoke 521
Fluid dynamic bearing 5 g:i;:.;f;n::‘:;d
. Timoshenko
Rotating shaft 34 beam element
Disk 360 Annular sector
clement
Ball bearing 2 5x5 stiffness matrix
Fantail 5,809
Actuator Arm & E-block 4,160
Inner/Outer race 3,393
Dummy 483 Tetrahedron element
Suspension 16,492
Yoke Yoke 3,367
Magnet of yoke 760
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Table 2 Comparison between numerical and experimental
results of the natural frequencies for a HDD at 5,400

RPM
Experiment Simulation Error
Mode
Ja (H2) ¢ Ja (Hz) (%) -

Half-speed - 0.51127 46.03 -

whirl
Half specd - 0.41595 46.47 -

whirl
Mode 1b 700 0.07810 705.78 0.83
Mode 2 780 0.02363 834.21 6.95
Mode If 876 0.05401 888.53 143
Mode 3 944 0.00419 961.84 1.89
Mode 4b 1272 0.00000 1229.33 -3.35
Mode 5 1250 0.00057 1248.74 1.77
Mode 6 1268 0.00004 1272.10 -1.52
Mode 7 1344 0.00005 1310.30 -2.51
Mode 8 1416 0.00046 1418.79 0.20
Mode 9 1537 0.00022 1444.67 -6.01
Mode 4f 1623 0.00000 1589.33 -2.07
Mode 10 1990 0.00042 1894.75 -4.79
Mode t1b 2045 0.00000 2067.13 1.08
Mode 12 2140 0.00643 2146.09 0.28
Mode 13 2220 0.00831 2213.14 -0.31
Mode 14 2383 0.00085 2371.47 -0.48
Mode 15 2410 0.01648 2530.31 4.99
Mode 11f 2574 0.00000 2607.13 1.29
Mode 16 - 28438 0.00334 2954.36 3.73
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Table 3 The description of modes for a HDD with the actuator at 5,400 RPM

Disk-spindle-base plate” Actuator’ Note™
Mode number - Hub Shaft Base plate Arm Fantail Yoke ote
Half-speed whirl | (0,1) Rigid .bOdy Rigid b ody No motion No motion No motion No motion
motion - motion
Halt-speed whirl | (0,1) Rigid b ody | Rigid .bOdy No motion No motion No motion No motion
motion motion
Mode 1b (0,1) ) Bending(+) (+) 1,2,3 bending(+) Bending(+) No motion +
Mode 2 0,0) ) Axial(+) {+) 1,2,3 bending(+) Bending(+) No motion +
Mode 1f ©,1) (+) Bending(+) +) 1,2,3 bending(+) Bending(+) No motion +
Mode 3 (0,0) (+) Axial(+) (+) 1,2,3 bending(+) Bending(+) No motion -
Mode 4b (0,2) | No motion No motion No motion No motion No motion No motion
. 1,3 bending(+) . .
Mode 5 (0,0) (-) Axial(-) ) 2 bending(-) Bending(-) No motion +
. 1,2 bending(+) . . _
Mode 6 (0,0) (+) Axial(+) ) 3'bending(-) Bending(+) Bending(+)
R e . 1,2 bending(+) . .
Mode 7 (0,0) ) Axial(-) (-} 3 arm bending(-) No motion No motion +
Mode 8 (0,0) () Axial(-) ¢) 1,2,3 bending(+) Bending(+) No motion +
Mode 9 0,0) ) Axial(+) ) 1,2,3 bending(+) Bending(+) Bending(-) -
Mode 4f (0,2) | No motion No motion No motion No motion No motion No motion
Mode 10 0,1) (=) Bending(-) @] 1,2,3 bending(+) Bending(+) Bending(+) +
Mode 11b (0,3) | No motion No motion No motion No motion No motion No motion
Mode 12 0,1) ) Bending(-) - 1,2,3 bending(+) Torsion Bending(+) +
Mode 13 (0,1) (-) Bending(-) (+) 1,2,3 bending(+) Torsion Bending(+) +
Mode 14 0,1 (-) Bending(-) ) 1,2,3 torsion(+) Torsion Bending
Mode 13 ©,1) (-) Bending(-) (+) 1,2,3 bending(+) Torsion Bending(+)
Mode 11 {0,3) | No motion No motion No motion No motion No motion No motion
Mode 16 0,1 O] Bending(-) (+) 1,2,3 torsion(+) Torsion No motion
Phase of the spindle and base is explained with respect to the motion of disk.
*% . . .
Phase of the arm 2,3 and fantail and yoke is explained with respect to the motion of arm 1.
e
Note explain the phase of the disk with respect to the motion of arm 1.
In-phase phase and out-of-phase motion are denoted as + and — respectively.
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