SEMZALHRE =2, 23 &35, pp. 169~177

ZALE 71 & ©] 43 Load/Unload 4 3= &gto|t] HF A
Head Slider Design Using Approximation Method
For Load/Unload Applications
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Abstract

In this study, we present the optimization of a head slider using kriging method in order to reduce lift-off force
during unloading process with satisfying reliable flying attitude in steady state. To perform an optimization process
efficiently, a simplified lifi-off force model, which is a function of air bearing suction force and flying attitudes, is
created by kriging method. The EMDIOS, which is the process integration and design optimization software
developed by iDOT, is used to automatically wrap the analysis with the optimization and efficiently implements the
repetitive works between analyzer and optimizer. An optimization problem is formulated to reduce the lift-off force
during unloading process while satisfying the flying attitude in reliable range over the entire recording band and
reducing the probability of contact between slider and disk. The simulation result shows that the amplitude of lift-
off force of optimized L/UL slider is reduced about 62%, compared with that of initial slider model. It is
demonstrated by the dynamics L/UL simulation that the optimum slider incorporated with the suspension js not
only smoothly loaded onto disk but also properly unloaded onto the ramp.
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R Correlation matrix h Flying height
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D, Lift-off force from kriging model P Number of independent values
Y, Real value from dynamic L/UL
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HDD & OIMZ 31%Ch SMATE 4500 rpm Of
H, Cl23 & I8/ SH2 HXE 58 mm
2H 1183 mm MA 0|12, 488t AT (skew
angle)2 02deg OM -15.94eg OICE.

L/UL 20 MEE =7| 20|22 2248
pico Z2I0IH{EAM 1 37 1235x 1 x 0.03mm
0|2, 32t2 (crown), AM (camber)2} EQ/AE
(twist)= Z+2 3048 nm , 508 nm , Onm OICH A
AHM SHE (suspension pre-load)= 1.5g 0111, I X|
&3 (pitch torque)?t & EI (roll torque)=
1234 uN-m2 O uN-mOICt. &EIO|E 7} C]AT 9
2 REANO| #XWst X7| &5 & 254mm/sOlH,
HEE Ao} &2 U XJ| £T& 100 mm/s Ol
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Table 1 OIA AIBHOIHE 817 A% s2folcy
Y Y NAMM 29 123 %7 FSIUS
Yelsigich. saoibel o, gol, B9 =E

YELR HSI NESES & (i=1,2,..10), =&t
0|49 20| (recess depth) x , &2 £
(shallow step depth) x ,, PSA (Positive Static Attitude)
x, 2 AESZE H4YSIACt. SEFYEO0| v E
&2to|H 7} CA39 AHOoA FY 2eistol U
8 Mo =7 FY%E0|2 HdYsiReH, SE2RY

Table 1 Simulation run setup
Slider
Length (mm) 1.235
Width (mm) 1
Height (mm}) 0.3
Recess Depth (um) 1.22
Shallow Step Depth (um) 0.127
Crown (nm) 30.48
Camber (nm) 5.08
Twist (nm) 0
Suspension
Load Gram (®) L5
Pitch Offset (um) 0.5
Roll Offest (um) [
PSA (deg) 1
RSA (deg) 0
Pitch Torque (uN-m) 1.234
Roll Torque (uUN-m) 0
Operating condition
Radius[Inner] (mm) 5.8
Radius{Outer] {mm) 11.83
Skew Angle[Inner] (deg) 0.2
Skew Angle[Outer] (deg) -15.9
Disk Speed (rpm) 4500
Unloading Velocity (mm/s) 100
Loading Velocity (mm/s) 25.4
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Fig. 1 Flowchart to build kriging model
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Fig. 4 Procedure of proposed optimization process
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Table 2 Design variables of initial and optimum slider

Design Variables  Initial stider ~ Optimum slider
1 [mm] 0 -1.91E-02
2 [mm] 0 -9.97E-03
3 [mm] 0 -6.41E-02
x4 [mm] 0 9.58E-03
x5 [mml] 0 -9.31E-03
x6 [mm] 0 -1.00E-01
7 [mm] 0 8.00E-02
8 [mm] 0 -5.06E-02
9 lmm] 0 -9.24E-02
x10 [mm] 0 2.82E-02
Base Recess [um] 12 552
Shallow Step [um] 0.13 0.03
PSA [mrad] 17.3 11.2
DF [mN} 279 9.11

met FYA NE IS ojRE S Y
4k s20IT 0|9 SIHEUO| OfLIEt S
8o YS olR: YUY
T ZOIE FANUSEE Jbssich mEty
Y2AS A4S 9l Y FBAO AL 2240
452 g2/t 2olg e & ol
(o]

ULE.

R4
0z

K o
o

#
S A
4 n

Table 3 Flying attitude of initial and optimum slider

Constraint Initial slider Optimum slider
By, tom) 23.80 26.39
By, tom) 22.30 23.81
Oy Lprad} 185.39 183.23
@y, (prad) 138.80 151.06
Bop tumatl -2.28 -5.00
By \urad) -11.82 498
() 23.18 25.56
Fidp e 21.10 23.18
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* initial Design

Fig. 5 Rail shape of initial and optimum design
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