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Optimal Design of Suspension for Micro Optical Disk Drive
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ABSTRACT

Servo performance of a disk drive is greatly affected by the mechanical resonance frequencies of the head gimbal

assembly (HSA). It is important factor to allow broader bandwidths for servo system in improving overall drive

performance. In this paper, an optimal design for ODD suspension is attempted to increase resonance frequencies in
tracking direction. Initial model was designed and the design parameter was defined to the model. The mode

frequency variation for the change of design parameter was observed by modal analysis using the finite element

method(FEM). The sensitivity matrix was calculated from the observed data and so through sensitivity analysis, an

optimized ODD suspension was designed to have the higher resonant frequency than the initial model.
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Fig. 1 Micro ODD suspension assembly
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Fig. 2 FEM of Micro ODD suspension

Table 1. Material properties used in FEM
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mode # 7

Table 2. Natural frequencies of the ODD suspension

Mode Type Frequency (Hz)

Component| load beam | flexure | hinge | baseplate 1 Cantilever 217
Material stainless steel 2 Slider Roll 1972.6
E(GPa) 193 3 Slider Pitch 2214.1
4 " bending 31517

p (kg/m’) 7500 -
5 I" torsion 43094
v 03 6 7* bending 74173
Z7|1Rdo| A 2=, YA, Teja X9 F4 7 Sway 11712.
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Fig. 3 Define the design parameter
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Fig. 4 Frequency variation for parameter # 1 change
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Table 3. Parameter legend in Fig. 3 wwl
parameter Explain the parameter -
E T load beam total length -
= > P oy A3
o #H2 load ‘beam range connected to hinge i)
#3 hole size in hinge saho o .
- - %4 ¥5 €6 &7 B8 @ag B 91 4% &3
‘#4 side shape’ of suspension
CIH#E side’ shape of suspension Fig. 5 The sensitivity of the I'' torsion
#1i welding point x, y position A7 e /3 84 M| Ags vehge Ade
#1i welding point X, y position A=E vehint
#iii welding point x, y position Table 4. Sensitivity of parameter # 1
#iv hole position in flexure mode | cantilever roll torsion sway
#v tooling hole x position 1st order
. -39.365 -650.9 -808 -1810
sensitivity
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Table 5. Sensitivity of design parameter Table 6. Effect of hinge thickness to Natural frequencies
parameter | cantilever roll torsion sway Mode Type 0.04 0.06 0.08
#1 39365 | -6509 -808 -1810 1 | Cantilever | 3446 561.9 7283
#2 -149.16 -376 -4504 -1975 2 | Slider Roll | 1989.1 1997.5 20003
#3 -55.94 -48 -19838 -407 3 |Slider Pitch| 22383 277.1 23126
#4 162 54 | 3885 88 4 | I" bending | 33190 | 35919 | 39413
ik 2 S S T 5 | I torsion| : 56618 | 74409 | 8666.1
Fllo | -46 13 782 8 6 |2 bending| 82330 | 8790 | 90974
#i(y) 221 -14 -96.4 -95 ,
Fiio) 0 02 p: > 7| Sway 133435 | 153427 16427
#1i(y) 0 03 -56 -34
#ili(x) 0.13 5812 64 75 1 2345 B 3 WA HERY BE9} A9o] o] 3
#iii(y) 0 -179.8 -206 -137 7t F7Hel wet A 2= Fugw 7o) 27
#iv -0.05 348 236 31 HE & F Utk ol MM spring rate & AA
4y 028 15 37 53 71 Bl S ¢ £& USA7E TR Zo] Jpij= A
load beam | 4794 | 408 | 3803 | ey | T Ml S j:’j ffa}“m i ”iﬁ‘i’ﬁ?
flexure t | -498.1 | 122460 | 2833 | -5722 ;}é;‘]’;“;‘ni g 3% :‘ :1—;]]13 °Tib‘£7“7i ;}i]
hinge t 10034 4898 85241 92100 = : "

Imm AZ 24mme] FHE o] WA FAEslel] ne
Fo W3 nolnh

Table 7. Effect of hinge hole to Natural frequencies

Mode| Type 0.04 0.06 0.08
1 ':Cantilever» ' 2264 . 3909 ‘546.7“
5 | T torsion |- 51910 | 70241 | 82637
71 Sway | 12665 | 14744 | 15931

Table 6.3} Table 7.9] A¥AY RE HmElSo] BT
Fogo] oJH BAS Rolx] meksia glojoksiy ziz}
o FFRAHQ FAE F o] Rt AAWA YRl
R F o FEgs ¢ = It

33 d= #33EE o|88t AT 4
3.4 32488 wigo= g = (cantilever mode)
o} &0y & X =(slider roll mode) Z2]1 H W& vl
% FE=(1" torsional mode)9} 290] ¥ =(sway mode)
o] BFX(target value) FIFE tha3} 7o) A3}
Table 8. Target value of Natural frequencies

Mode Type Frequency (Hz)
1 Cantilever 220
2 Slider roll 2200
5 I torsion 7000
7 Sway 14000
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Table 9. High sensitivity parameter

mode cantilever] roll J torsion r sway
#1, #2, #3, #4,
parameter .
load beam t, hinge t

Table 8514 A% EX F4(f,)E that 2o] 4
2 Jqgsin
f+= [220,2000, 7000, 14000]
%7) FH(f)E Table 22042 Axi2xE oox 7
o] Hr}. '
fi= [231.7,1972.6,4309.4,11712]
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714 A&} ghoR Table 7904 A%t Zt Hejulele] 2
7] Zh( &S 7] mlolA] P 3h& #1, #2, #3, #4,
load beam t, hinge t A2 3} o83 2t

&=19.0, 0.5, 0, 4.5, 0.1, 0.03]

a3 Yl seojele] eAPHE (48 B (L)
7 27) gH( £ Aol= theat o] TRtk

48= &- &

2% 8 (sensitivity matrix) thee] Aog FaA:=
g,

VY Y
48,0 48 0 4L,
A
Z= a4z, 48, T A
| 48, 48 0 48,

9 Aol 7 e e
< o7 =k

atel Thest e 7w B
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- 39,365 - 149.16 - 55.94 1.62 - 479.4 10034
7= 650.9 - 37.6 -48 -54 420.8 489.8
- 808.0 - 4504 - 198.8 388.5 - 3843.3 85241

- 1810 - 1975 - 407 88.0 32969 92100
AW Af=zdg b Az elde

4¢=z'4f & o] HH wety Ex FasE W
2A71E O B AF R(L)He GE
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&G =8+ 48
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Fig. 6 Optimal designed ODD suspension

A AT g2 A ARE nHste] LHEHE W
Zgsled JelA gholok o] goaXE Fug A4S Fn
Y Table 10.2] A#E LA =AUk

Table 10. Comparison of Natural frequency

mode initial target final | error(%)
cantilever | 2317 20 224 11

roll 19726 2000 1967.8 16
Ist torsion | 43094 7000 70368 0.5

sway 11712 14000 14016 0.1
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