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ABSTRACT

Load/Unload(L/UL) technology includes the benefits, that is, increased areal density, reduced power consumption
and improved shock resistance contrary to contact-start-stop(CSS). It has been widely used in portable hard disk drive
and will become the key technology for developing the small form factor hard disk drive. The main object of L/UL is no
slider-disk contact or no media damage. For realizing those, we must consider many design parameters in L/UL system.
In this paper, we focus on lift-off force. The “lift-off” force, defined as the minimum air bearing force, is another very
important indicator of unloading performance. A large amplitude of lift-off force increases the ramp force, the unloading
time, the slider oscillation and contact-possibility. To minimize “lift-off” force we optimizes the slider and suspension
using the integrated optimization frame, which automatically integrates the analysis with the optimization and
effectively implements the repetitive works between them. In particular, this study is carried out the optimal design
considering the process of modes tracking through the entire optimization processes. As a result, we yield the equation
which can easily find a lift-off force and structural optimization for suspension.
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Fig.1 L/UL mechanism
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Table.1 Material Properties
Component  Baseblock Loadbeam Flexure Slider
Materi Stainless Stainless Stainless AL203 TL
aterial -
steel steel steel C
Young’s
modulus 1.93*10°  1.93*10° 1.93*10% 4.12%10°
(kg/mny/s”)
Density 106 %106 *106 *106
(kg/mm’) 8.03%10 8.03*10 8.03*10 425%10
Poission’s 0.3 03 0.3 027
ratio
Thickness ~ 0.203mm 0'1?]:6‘“ 0.025mm
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Fig.2 Suspension elements
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Fig.3 Natural frequencies and mode shapes

Table.2 Comparison between FEM and EXP

Mode Frequency
Error(%
Mode Shape EXP FEM o g‘g(@gg,m
Cantilever 1853 Hz 198.5 Hz -1.64
Shider-Pitching 2.07 kHz 1.89 kHz 8.69
Slider-Rolling 2.99 kHz 3.00 kHz -0.33
1* bending 3.48 kHz 345 kHz 0.86
¥ torsion 6.09 kHz 6.03 kHz 0.99
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Fig.4 Unloading states
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Table.4 Design variable constraints of
flexure & loadbeam

State

No. Stiffness Matrices
0.1167e+4 «0.1402¢+4 0.1233e+ 0.7919¢-3
3 -0.1402¢+4 0.1898e+4 -1.663¢+1 ~0.1070¢-2
0.1233e+1 -1.663e+1 0.4312¢4 0.2735¢-7
0.7919¢-3 -0.1070e-2 0.2735¢-7 0.857%-4
0.3259¢+2 -0.3184e+2 0.9303¢-2 0.5727¢-4
3 -0.3184¢+2 0.4211et2 -0.6162¢-2  0.6758¢4
0.9303¢-2 -0.6162¢-2 0.4810e-4 0.5159¢-7
0.5727:4 -0.6758¢~4 0.5159-7 D.857%-4
0.7313¢+3 -0.1082e+4 -0.8432¢+0  -0.1143e-1
s 010826+ 0.16226+4___ 0.1276e+] __ 0.1708e.1
-(.8432e+0 0.1276¢+1 0.1088¢-2 0.1343e4
<0.1145¢-1 0.1708e-1 0.1343¢-4 0.1993e.2

2.3 C{XQ! ¥4 (Design parameters)

(a) Design parameterss of flexuse
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{b) Design parameters of loadbeam

Fig.5 Design parameters

Variables Minimum Defauit Maximum

a 4.5 0 0.5
b -0.01 0 0.25
¢ -0.05 0 0.15
d -0.05 4] 0.2
e -0.1 0 0

f 0 0 0.1
g Q & 0.2

h -0.07 4] 025

i 0.1 4.4 0.5
i 0.1 0.4 0.5
k -0.3 G 0.2

i 0.4 0 0.2
m 0.1 0 0.2

n -0.2 0 0.2
0 -3.2 4] 0.2
P -0.2 0 0.2
q 0.1 02 02

23.1 REEMZ (mode tracking)
Madal Analysis }
: # *?Ml )
oi >6 <9 i*
. b
Bené!nl: wade T ur:h;u ade
‘ 1 — 14—-—-—~—- #axds
« + i
§""‘“"‘““”" Slider rotting tiede ™ tuesion swmde
% =t
r"‘""‘"l Sider pliching wude
antiver mode 1 heodiog maule

(a) Mode tracking procedute

A

<

Lowerline ¢j 3 0
(b) Nodal points
Fig.6 Mode tracking

o
e 27t wpyE @4l 2A4E £ V] o
2o B dFoAE FEM 4L £33y 77 =
= ¢ A(cantilever, slider-pitching, slider-rolling, 1Ist
bending, st torsion)®& RAE7] A3 L=EHT
g g Al 9o T2 aRe WA 22N
o} #1274 Al(upper line)st o}E} %73 Al(lower line)S
% 207R—4 rEZ YA 94 39 Re9 H
EY REE U7 95t AZAA olaR A
A Zo) }a\a‘rohﬂ oxe 2xdly =2E #%
©3F orlZmy g shiy ok " ¥
A7tel wed daedl 249E 4., ¢, § AR

FH3 FYPRAHAA AHafde] deEel W3
71
8

207



Fotol F2 ol PFHW FY RET Uy ¥
@ ol £49 HEY REE UrYd 959
e FolM getolr] &Y mE9 1 A wEY
BES UF7] Yt RERle] FHENA (A)
ot oldB)Zo| Zzt el wEE Fe F T
Aol LKUE g, 4, & A2 Fsel 1 57
AW 1 A HEY B2 Y1 oy Loy
% EEE UFAth 5 2= FoA Ag
B 2=, ol 9y BE a8 13 §Y &
E8 W) el WA A9 nfvEst b A
e &g Mt BEg ooy 94 mER
i AEdY 2=t ] 3 §Y BEE 2oy
HAZZANA 7L =9 1YY 7e &4
dz sy Fate F5o Ak 109 13 F
Y EER Uy 38X god gy me
2
Table.5 Stiffness values of FEM model
Off ramp, On ramp, On ramp, On ramp,
Dimple Dimple Dimple Limiters
closed closed separated engaged
Tap stiffness
Nm] 7 0.17e+4 0.32e+2 0.73e+3
Vertical :
stiffness 14.63 02le+4 0.42e+2 0.16e+4
[N/m]
Pitch
stiffness 0.455¢-4 0.48e-4 0.48¢-4 0.11e-2
[Nm/rad]
Roll
stiffness 0.86e-4 0.85¢-4 0.86¢-4 0.2e-2
[Nm/rad]
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min f(x,x;) = Lift-off force
S(x,%5) = —1.355562 - 0.030162x, +0.0175572x,,
+0.0001352(x, ~512.769)" —0.000033(x; — 1146)’
~0.065937x, +0.0346158x, —0.000052(x, —790.623)"
+0.0000193(x, ~1446.77)" -0.096469x;

—~0.005792.x, +0.015937 (x5 —29.2846)”
Subject to
185.5Hz < cantilever < 205.065Hz
1.863kHz < slider — pitching <2.277kHz
2.691kHz < slider — rolling < 3.289kHz
3.132kHz < 1% bending < 3.828kHz
5.481kHz < 1" torsion < 6.699kHz

7141
X, =47.621459+1.7690061x, 1)
Xg =6.9358161+0.6395482x, )
Xjo = 59.663053+1.3735052x, ©)
Xg ==2.5009907 +1.3791142x; 0]
A A (1), ), B), BT 95%01E9] SAsE
FA7le AN ot W Aotk o7 x,
x5, xg= 22 el 2, AR 3, g 4 o F 3A

ol x,, x5, X% 27 AH 2, AE 3, Fei 4 9
&elolt] AAoltt, EATSF g2 3.026 oA
0.7744 742 W zton 2 e ZE 90X Fo
&e o174 A -0.88 0] HAY. 2 Y AlFE o]
AL g gzEQ T 9 ghe 0.90 ot}

Table.6 Comparison variables between
Initial and Optimal Model

Initial Optimal Improvement
Objective 3.026 0.7744 N/m 74.4%

X1 1166.4 N/m 1300 N/m -11.45%
X2 2120.7 N/m 2347 N/m -10.6866
X5 32.5 N/m 26 N/m 20%

X4 42.1 N/m 33 N/m 20.76%
X9 731.3 N/m 838 N/m -14.63%
X10 1622.1 N/m 1845 N/m -13.7538
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Initial and Optimal Model
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