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Finite Element Modal Analysis of a Spinning Flexible
Disk—spindle System Considering the Flexibility of Supporting
Structures and an Head-—suspension—actuator in a HDD

Az - A o 3 AT
Chanhee Seo, Gunhee Jang and Hosung Lee

(2006'd 9€ 28Y A< ; 2006 12€ 18Y A=

Key Words : Dynamics(F 498, HDD(hard disk drive, 3lE t]2= =&lo]B), FEM(finite element method,
£38 94%) Rotor Dynamics(Z @A 543}, FDB(fluid dynamic bearing, &3 $¢ W o
), Actuator(® 34 o)), Suspension(A23HA), Air Bearing(Z7] Wo}&)

ABSTRACT

This paper presents a finite element method to analyze the free vibration of a flexible HDD
composed of the spinning disk—spindle system with fluid dynamic bearings(FDBs), the head—
suspension—actuator with pivot bearings, and the base plate with complicated geometry.
Experimental modal testing shows that the proposed method well predicts the vibration
characteristics of a HDD. This research also shows that even the vibration motion of the spinning
disk corresponding to half—speed whirl and the pure disk mode are transferred to a head—
suspension—actuator and base plate through the air bearing and the pivot bearing consecutively.
The proposed method can be effectively extended to investigate the forced vibration of a HDD and
to design a robust HDD against shock.
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Table 1 Element number and element type for
each substructure of a HDD with an

actuator
Element
Component number Element type
Base plate 34,532
S i Stator 674 Tetrahed
upporting etrahedron
structure Sleeve 724 element
Thrust cap 147
Thrust yoke 521
Disk 360 Annular sector
element
. haft 18
Disk—spindle SH ab 12 Rotating
u Timoshenko
Spacer and 4 beam element
clamp
Overmold 4,615
Latch—pin 48
Arcnill 3 1,146 Tetrahedron
Actuator E-block 4160 element
Pivot shaft 3,371
Dummy 483
Suspension 5,375 Shell element
Yoke Yoke ; 3414 Tetrahedron
Magnet o 760 element
yoke
. . j Spring and
Fluléi dynamlc 5 damper
earing
Bearing element
Air bearing 2 Spring element
Pivot bearing : Spring element
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Fig. 14 Measured pure disk mode with 2 nodal
diameters (mode 4)

Fig. 15 Measured dlSk (0,0) mode coupled with
the actuator and base plate (mode 2)
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Table 2 Comparison between  numerical and
experimental results of the damped natural
frequencies (f¢) for a HDD at 5,400 rpm

nﬁgir gSimulatifon Experiment Brror (%)
d (Hz) | Jd (H)
Half-speed| 4 1gr-01| 46 - -
Half~speed| 5 10p_01| 46 - -
whirl
Mode 1b |7.81E-02| 705 700 0.77
Mode 2 |2.39E-02| 834 780 6.9
Mode 1f |5.39E-02{ 888 876 1.4
Mode 3 |4.03E-03{ 967 944 2.41
Mode 4b |7.99E-08| 1,229 1272 | —-3.39
Mode 5 |1.60E~05| 1,259 1,250 0.75
Mode 6 |6.06E-04| 1,273 1,268 0.38
" Mode 7 |5.26E-05| 1,331 1,344 -1
Mode 8 |5.34E—04| 1,427 1,416 0.75
Mode 9 |1.61E-04| 1,445 1,537 -5.97
Mode 4f |5.71E-08| 1,589 1,623 -2.12
Mode 10 |4.15E-04| 1,895 1,990 | -4.77
Mode 11b | 1.32E-07| 2,066 2,045 1.05
Mode 12 |6.46E-03| 2,147 2,140 0.31
Mode 13 |8.30E-03| 2,213 2,220 -0.3
Mode 14 |8.39E—04| 2,372 2,383 -0.46
Mode 15 |1.64E-02} 2,530 2,410 4,97
Mode 11f |3.06E-06| 2,606 2,574 1.23
Mode 16 |2.88E-03| 2,941 2,848 3.26

SNUSSEE==q/A 173 A 13, 20074

7v dAgEA foh o —’F"ﬂ
o] st uf e SHE A o %

A3 7pAA ) th3 modal testingS 33
AF BEE F4317] 4sted STAR modal /\]
Eil-% o]%s}oﬂ _’ﬂ% A neES /éz‘ﬂx-l o7 —‘rl-—(,—}.
t}. Table 32 473 3d £X% 5400 rpmelA <
ool & E3Fs HDD A¥E A28 #3F 2

ar

% AFololels AFHEE S Roke 7
le

32 [y %o
JO



A7) SIEAAHH—olFololEl2) SANS TEE HDD £ S OAa-A0E Aiue) §3 24 1§ UE
Table 3 The description of modes for a HDD with the actuator at 5,400 rpm
Mode Disk~spindle~base plate” Actuator” Note™
number Disk Hub Shaft | Base plate Arm Fantail Yoke
Half~speed 0 Rigid body | Rigid body No motion No motion No motion | No motion
whirl motion motion
Half~speed (O, Rigid body | Rigid body No motion No motion No motion | No motion
whir] motion motion
Mode 1b 0,1 () Bending (+) () 1,23 bending(+) | Bending(+) | No motion +
Mode 2 0,0 +) Axial (+) (+) 1,2,3 bending(+) | Bending(+) | No motion +
Mode 1f o,n + 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
Mode 5 0,0 (=) Axial (~) (=) 1,3 bending(+) | Bending(—) | No motion +
2 bending(—)
Mode 6 0,0) (+) Axial (+) (+) 1,2 bending(+) | Bending(+) | Bending(+) -~
3 bending (=)
Mode 7 0,0 ) Axial(—) =) 1,2 bending(+) | No motion | No motion +
3 arm bending(-)
Mode 8 0,0 (=) Axial(-) (=) 1,2,3 bending(+) | Bending(+) | No motion +
Mode 9 o (+) 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 (+) +
Muode 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 o, =) Bending (—) (+) 1,2,3 bending(+) | Torsion | Bending(+)
Mode 14 oD (= Bending(—) (+) 1,2,3 torsion(+) Torsion Bending
Mode 15 ©o,D (=) Bending (<) +) 1,2,3 bending(+) | Torsion Bending (+)
Mode 11f 03 No motion | No motion | No motion No motion No motion | No motion
Mode 16 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.
=+* Note explains 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
4 3f AF 4 47 48 4948 0~3,000Hz  HE HoHE JHAE HE-AAHA- S0
9 Qoo vlwg Zoltt Fig. 14, 15, 162 Fig.  5FT & 7HA¢ Holx FHlER A4
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