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Integrated Optimal Design for Suspension
to Improve Load/Unload Performance
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ABSTRACT

The HDD(hard disk drive) using Load/Unload(L/UL) technology includes the benefits which are increased areal
density, reduced power consumption and improved shock resistance than those of 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 objects of L/UL are 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 Basibloc Loan(ibea Flexure Slider
Material Stainless  Stainless  Stainless  AL203_
steel steel steel TLC
Young’s
modulus 1.93*10°  1.93*10°  1.93*10° 4.12*10°
(kg/mmy/s?)
Density 8.03*10° 8.03*10° 8.03*10° 4.25%10°
(kg/mm?’)
Poission’s 03 03 03 027
ratio
Th'Ck“)ess(”"“ 0203 01016 0025
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Fig.2 Suspension elements

Xl 57tR| ot H2|0 CHaiA
RE/QRES SEHO JES
o] ZE0| OlE 5 e 2= S0l 2&iA
£{7] I 20|Ct Table 2 OlM 2= Az Zo] HE
dH LS& 2 198Hz E 7HX2 &2pold mF
o 23 ZaOi$s 9 1.9kHz, 3.0kHz & JHEICH £
31 X 28 2EQ | A HEE 2E9 U2
3.45kHz, 6.03kHz 2 Sl{A T/ AT} Table 20|M E&
HiQt Z¢0| FE ZE&fMo| oist Fut4ol H2tet
AHEof st Fateo AUt e UXEFE =
4 QCh w2t FE ZE0| Cfst MENHE B2

& 4 Utk

¥ EQUCE 0
Ol A AHM
A%

2.2 AEfE (State Matrix)

Fig4 = ©E3} T Ht 20|6{E 7t8 Ma
Zo/M2E WEE 203D UCH HEf 1
2to|E 7t 37| S4H0| 250 ’8’5”5132
€ 3t1 QUe MEjolH, HEf 2 = 2E F
A OFE| 2lnjE{ 7t AESIR| U2 HEOA EE%'
O Ho| MIQ HEZ AFstes

=

2
x

Ho ”0
_wmm

At
(=]
Al
o

BN &

132

20 ECh

b
=
08
U1z}

ok

Table 2 Comparison between FEA and EMA

: Error(%
Mode Shape Experimental FEM ‘(EXP_FEMSE )‘zg‘m
Cantilever 195.3 Hz 198.5 Hz -1.64
poder: 2.07 kHz 1.89 kHz 8.69
itching
Slider- 2.99 kHz 3.00 kHz 033
Rolling
1" bending 3.48 kHz 3.45kHz 0.86
1* torsion 6.09 kHz 6.03 kHz 0.99
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Table 3 The 4 DOF stiffness matrix of each state

State Stiffness Matrices
No.
0.1167e+4 -0.1402e+4 0.1233e+ 0.7919¢-3
5 -0.1402e+4 0.1898e+4 -1.663e+1 -0.1070e-2
0.1233e+1 -1.663e+1 0.4312e4 0.2735e-7
0.7919e-3 -0.1070e-2 0.2735e-7 0.8579¢-4
0.3259¢+2 -0.3184e+2 0.9303e-2 0.5727e-4
3 -0.3184e+2 04211e+2 -0.6162¢-2 -0.6758¢-4
0.9303e-2 -0.6162¢-2 0.4810e-4 0.515%¢-7
0.5727¢-4 -0.6758¢-4 0.5159¢-7 0.8579¢-4
0.7313e+3 -0.1082¢e+4 -0.8432¢+0  -0.1145e-1
4 -0.1082e+4 0.1622e+4 0.1276¢+1 0.1708e-1
-0.8432e+0 0.1276e+1 0.1088¢-2 0.1343¢4
-0.1145¢-1 0.1708e-1 0.1343e-4 0.1993e-2

(b) Design parameters of load-beam
Fig.5 Design parameters
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Table 4 Design variable constraints of flexure &

loadbeam
Yariables Minimum Default Maxinmum
a 0.5 0 0.5
b -0.01 0 0.25
c -0.05 0 0.15
d -0.05 0 0.2
€ ~0.1 0 0
f 0 0 0.1
g 0 0 0.2
h -0.07 0 0.25
i 0.1 0.4 0.5
J 0.1 0.4 0.5
k -0.3 0 0.2
1 -0.1 0 0.2
m 0.1 0 0.2
n 0.2 0 0.2
0 -0.2 0 0.2
P -0.2 0 0.2
q 0.1 0.2 0.2
# "¢u—’| )
<0 N
i
Bending mode “Torsion rde
#1x8g
¢ l Tapu small l‘_ !
x ! }
E"(MI) Sider rolling node 1 torson racde
*1 =1

Rider ptching mode

Cruilever mode 1 bonding nuxde

(a) Mode tracking procedure
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(b) Nodal points
Fig.6 Mode tracking method
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Table 5 Stiffness values of FE model

Offramp,  On ramp, On ramp, On ramp,
Dimple Dimple Dimple Limiters
closed closed separated engaged
(state 1) (state 2) (state 3) (state 4)
Tap
stiffness —--eemeene 0.1167e+4  0.3259¢+2  0.7313e+3
[N/m]
Vertical
stiffness 14.63 0.1898c+4  0.4211le+2  0.1622¢+4
[N/m)
Pitch
stiffness 0.455¢-4  04312¢-4  0.4810e-4  0.1088¢-2
[Nm/rad]
Rolt
stiffness 0.86e-4 0.8579%¢-4 0.8579¢-4 0.1993¢-2
[Nmrad)
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Fig.7 Sensitivity Analysis
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Subject to

186Hz < cantilever < 205Hz

1.9kHz < slider — pitching < 2.3kHz

2.71kHz < slider — rolling < 3.3kHz &)

3.1kHz < 1" bending < 3.9kHz
5.4kHz <1* torsion < 6.7kHz
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Table 6 Comparison variables between

S5t g & UL

Initial and Optimal Model
Initial Optimal Variation
Objective -19.5mN -6.4 mN -67 %
X3 3.57e-5 N/m 1.5¢-4 N/m 320%
X9 488 N/'m 212 N/m -56.5 %
X13 13.7 N/m 17.9 N/m 30.6%
X9 0.29 N/m 0.46 N/m 58 %
Lit-att larce
0
1 2 3 4
-5
-10
-15
-20
-z8

Fig.8 Optimization of Objection Function
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3.1kHz <1* bending < 3.9kHz

5.4kHz <1 torsion < 6.7kHz
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Table 7 Comparison variables between

Initial and FE Model
Initial FE Variation
Objective -19.5mN -6 mN -69 %
X3 3.57¢-5 N/fm 1.45e-4 N/m 306 %
Xg 488 N/m 214 N/m -56.1 %
X13 13.7 N/m 174 N/m 27%
X19 0.29 N/m 0.44 N/m 51.7%
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