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ABSTRACT

This thesis presented the optimum design of taper-flat head slider in magnetic storage
device at statically and dynamically operating conditions. Numerical solution of the two-
dimensional nonlinear time dependent modified Reynolds equation included slip flow effects has
been formulated. The combination of exhaustive search and the mathematical programming of the
Broden-Fletcher-Goldfarb-Shanno(BFGS) method with line search method were utilized to keep
the taper-flat head slider in state of equilibrium for static operation condition and to obtain
minimum in transient time for the head slider to reach state when the head move pass over the

specified bump on the disk. The flying characteristics are simulated and compare with the results

from IBM 3380.
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2.3 aumsIu@vheaisdTuad(Modify Reynolds Equation)[15][16][17][18]
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Ox\ 1Mok ) &\ 2 Oy\ 12moy ot
3 4 3
__a_(yg +1ﬁ(wb)_z(p_h_@]+a_@:o
Ox\ 12N 6x | 20k dy\ 121 gy Ot

3 3
g(gﬁ}rﬁ(erl_@}ﬁg(mma(ph)
ox\ M ox) oyl M oy Ox ot

(2.21)
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t, A0 RUNQUYDILNT

drszuuiuuun hifinsu/feunlasgamai (sothermal process)(18] 9214

P a
—=1¥50 p=p

p

unuMauMsh (2.23) asluaunisn 2.21) 1214

O(pn*dp | 0fpn®op

0
— +—| —— |=6—(pun) +12
Ox

ox{ M ox) oyl M oy

v o ' A o
ﬁumsmwﬁuwuwmmmmwﬁ'ﬂ Wan 9 ﬁll\?ﬂ‘lJﬂ"Iﬂ’J'lEJHﬁﬂ‘UENB']ﬂ”lﬁ

N
1+ (6ak/h)

P _A A .

p
1M —=—=—2 5z Kn=—2 923

I'f*(6aKnpaha /ph)
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(2.22)

(2.23)

(2.24)

(2.25)

(2.26)
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unumaumsh 2.26) asluaumsi 2.24) 0214
o 6aKnp h o 6aKnp_h
Ox ph Ox | Oy ph Oy
0 O(ph)
=61 —(pUh)+121
naax v o
2.27)
Woulugu 13571465 Ao
0 3( 6aKn]ap , 0 3( 6aKn)ap
—| PH’| 1+ — |+R"—| PH’| 1+ —
Ox PH )ox oY PH oy
0 O(PH
=A—(PH)+0'( )
oX
(2.28)
o X=x/L, Y=yB, H=Wh_ , P=p/p,,Kn=A/h_,
T=ot, A=6N,UL/ph;, G=121,0L /p,h’ (2.29)
auns Tudvhoisd TuaditonTugihia 183 aidde
0 op o( op 0 0
—(Q———)-i—RZ —(Q—-)-—A—-(PH) —o—(PH) =0 (2.30)
oxX\ 0Ox oY\ oy oX ot

H fio mnnumnvesiiduoimaisumia q (h/ ha)

T fienm (OJOI)

A fo f’hﬁ‘am‘llﬂ"liimﬁ"u(Bcaring number) (6T]EUprah:)

C Ao Fhﬁﬁlﬁ‘llﬂﬁﬂﬁﬁﬂ(Squeeze number) (12”l’|aO)0L2 fpah: )
Kn Ai® AiuAyamiuies(Knudsen number) (?La /h, )

N, Ao Manumilaauysaivesomeain s soms

A, fio ssmdunImsndoundass Inomdsves luanaenafinnuduussenis

U 4 4 - P a o
o, i MANUDIMINETUYBINITINABUT YO HLR AR
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p, 9 AMWAUVITLINA

a a ' 4 ¢ o
h, e anumuiandredslasnatinundoanumuiaudge)

o Q(P,H)=0(p,H)PH’ 1az ¢(P,H) o dszneumsTuaPoiseulille flow factor) 7

o o

=3 e o A - 1 ar 3 1
‘J"Jl.lﬂﬂﬂ'l'iul'Hﬁ‘YI!Jﬂ’ﬂiJHu'IﬂﬁNE]'Iﬂ1ﬂ‘UNM1ﬂ "'Ni]$iJﬂ‘|lLﬂﬂﬂ'l~1ﬂ1ﬂ'iJ‘llUﬂgﬂﬂﬂﬂ‘ﬂﬂl:‘l}i}&

M3 lva sndlod1aau

1. M3 Manuuaaipamiaue

o(P,H)=1

= 4 L% ot é
2. M3 manuuinsaramsau loasudunila

o(p.1)=a, +al(ﬁj

PH

3. M3 ManuuRnsawanmsau loaduauaos

(b(P,H) =a, + a (—Kﬂj +a, (_K_n.)
PH PH

4. M3 Imanvunosanwamsau loaduauey
Kn Kn \’ Kn )
¢(P,H)=a0+al = hilis| = | ity =
PH PH PH
¥

dd‘l @ A
waziidou lvveu Aatine

1 1
P(0,Y,T)=P(1,Y,T)= P(X ,—,T) = p(x ,-—,T)= P, (2.31)
2
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" ¥
P Ao ANUANYDAANA LN (p/pa)

R D 6A518IUV0IANNETIBNTISMIAZANUAIIYDITIINTIe M (L/B)
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2.4 aUMSMINAUN[12][17][18]

MIIRIITHNgANssuMIMnuveaiiewluannzwainsmldlasmseds  ou
mimsindeudt TavauydldngAnssumsindeuiiveniisnuadouiidaszansiiama (Two
degrees of freedom) M3aBFWONIB MM ITOUHUAT A LARIT 31T 2.6
aumsaugadisaiinsziaeiie fio

2]
dz

d z
mm—2+Czd—+KZz+mg+F0—W(l)=0 (2.32)
t

o o
aumsaugad luwua
a’0 0
Ig—5F+Cg—+ Ryl + My FEIX; =)
dt dt
+Kgz(Xg — X, )= W(tNXg — Xyy) =0

(2.33)
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BL

w( = [ [(p—p, axdy (234)
00

)’

aumsfi(2.32)-(2.34) o lugy 13531450

172 1

M,Z+E =2 _[ I(P—l)dXdY (2.35)
—=1/2 0

12 1

Ig&+M, — s =2 I _[(P—l)(X — X MXdY (2.36)
=1/2 0

lﬂt’]
F; =F, +Kz(z—xcse)+cz(2—xcse) (2.37)
Mg =M, +Kgq0+Cy0 (2.38)

de z Ao szuzmundeuiivuauenizeiy z/ha)
¥
M, o iminvesiieu (mh ®,/p LB)
o~ o 2
M, fiD Tumudsuduvesntuda (m0 /p,L B)
F, feussiinsziiderasu (, /p,LB)
© o yuiindlugl135a (oL/n, )
- L. =) q’ = = o L = a& l:‘J
K, fomdulszansvosalTavesmsnadaiae luinnsinaouivuag
v
hunniidsminduuiudad g 1558 (k, b, /p,LB)
- T e a & = R a - A -
Kg fio mdulszdntaiiavesmanadiaiaemluiirmamsinaouiinygu
" s oy 3
IUIMNUANYIRVBHUATA Iug1 1374 (keha /p,L B)

< y . 4
Co fio mdulszansuaudevesmstaduiismluamsindouiingu

souunumuYINYeiae iy lugl 1318 (Ceha(‘)o /paLB)
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- 1 e = q" y = . @ 1 4' d'-g
CZ Ao ﬂ1ﬁﬂﬂizﬁ?‘lﬁuﬂNﬂ\ﬂlfNﬂ'l‘iUﬁi]‘lJﬂ']ﬂ'luhllm'lﬂ'lﬁlﬂﬁi)uﬂ‘uuﬂd

¥
Amniuienlug 1353 (c,h,0, /p,LB)

2.5 mﬁmﬂxﬁwqﬁnsswaqﬁ"m'm“lufmnsframi[l2][18]

a d o s a A ar P 9 o °
T:Tllﬂ'lih]ﬂ‘fhﬂﬂﬁUTNﬁﬂﬂ1Hﬂﬂ%ﬂUUﬂﬂl’Jﬁ1 !.‘WEﬂ‘D’H'Iﬂ’liﬂﬁ AWANUAUNNTEMN

a

] v " = £ ;4
Aoy 199l fie

_?,(Q %)-{-RZE(Q %j—Ai(PH )—0 (2.39)
ax\ " ax oy "° oy ox ¢ '

v - w 1 § a L4 4 4 @ 1
aumIMsIndeuvoRIs e INT T M an M augadvesiie i fie

1/2 1
B, +K,(Zy+ X0, =2 f J.(P0 — 1)dXdY (2.40)

—=1/20

1/2 1
M, + KOy —[F, + K, (Zy + X s0,)Xgs =2 | [(B, —1X(X, —X)dxdY (2.41)
—=1/20

A -
Jou lvvey Ao

1 1
P(O,Y)ZP(I,Y)=P(X ,—J=P(X ,-—,):1 (2.42)
2

2

¥
a o

wdasaums Tuavhoaisd2.39) iWuaumsidady Taold3ivdiaau-sdu smualy

o( o\ ,o( op 3
L(P)=—o/  Q —°)+R —(Q —"-]—A— PH, )=0 (2.43)
0= {022 e 20, 2] -2 2 (5n,)
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v

L(Ry) musoiIiifluaumsidaduldse ae

OL(P))
LBy )= LR )+ —2 8¢, (2.44)
Py =Py

o ntl n

o, =p"" —p, (2.45)
Whdvesihiu-smduipluudaiiae

n.  OL(P)

L(R, )+ P, =0 (2.46)
0 lp,=py

¥
- o ar

A A ° o :' iq Vo - a ¢ o [
o n AB NMUINVRIMIIA NN IR mey MUUTINsSRsUauNs luaneass Tuag

o' (o) arn , a0n

¢ Q! + - 8p +0
ox| " ox (e ) ax O
o| "oy \oe ) ov oy

0
—A—(P"H_ +8P.H )=0
ax(0 0 0 0)
(2.47)

¥ 8 Ed
Anmsounsziem 8p, Haudhlndgud nasnmivdnnumanizaugadveatasm

Taoldaunis(2.39)-(2.42) Ta01555 W ludanio fisuar
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2.6 MIUAZHNgANTINveIBmluanIEWaYAs[12][18]

woAnssunatasvesasnding e 1dvnaunis Tuavhedisd Tuadfinaravosna
wazaumsmandoud donandvu lauyalhieRamsduaziioudnles iy
szozmsasuiveaismnlasunladly inndofoufuannalng dnfumshauves
yasm luannswaiasisuegiunmmia  wisuhfy mitannzasiiciosdas 0 ) van
Sumfindounadldfuna Taoszozmsanuda) anusu(e) sToTiaouuIRIRINGY

¥
o

UHUAAR(Z) uazyuiing (©) Wou'lddail Ao

H(X,T)=H,(X)+ AH(X,T) (2.48)
P(X,Y,T)=P,(X,Y)+ AP(X,Y,T) (2.49)
2T)=2, + Az(T) (2.50)
(M =0, +AO(T) (2.51)

W y
e = = o

~ ¢ o g 3o a P a
ﬂduuﬁllﬂ'l‘iﬂ'lilﬂﬁﬂu‘nuﬁtﬁllﬂ'ﬁI‘Llﬂ‘l"l’lﬂﬂLSUT‘LIﬂﬂ1’11‘15?(1?1i‘Uﬂ'I‘S'J!.ﬂ'ﬂtHWf]ﬂﬂ?ilJ

3
@ A

NaINTURIN IO UL 1AA T A

172 1
M, AZ+c,Az+K,Az=2 j j.APdXdY (2.52)

—=1/2 0

1/2 1
1gA®+C A0 -k AO=2 [ [Ap(x, —x )axay (2.53)

=1/2 0
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o o (2) o+ (2) o) 2]
0X 0X OP J, OH /, oX

A QO—aA—P+ (99) AP+(@-) Au | T
oy| = oy op J, OH J, oY
—A——a—[poAH0 +AP0H0]-0'2~[POAH0 +AP0H0]=0
ox or

(2.54)

1 1
Ap(0,Y,T)=AP(1,Y,T) = AP(X ,—,T) — Ap(x ,——-,T) =0 (2.55)
2 2

msanziutaumslugilannaaiis)

mnfmnﬁ“?i(z.zS)
a[ 3( 6aKn)ap:, 23[ 3( 6aKnJap:l
—| PH| 1+ — |[+R"—| PH| 1+ —
ox PH /ox oY PH oy
(2.64)
0 o(rPH
:A—(PH)+0( )
ox
fvuald
PH=2Z(X,Y,T) (2.65)
"qﬁ’:u
O(PH) 0z O(PH) oz aKn 6aKn
=—, = I = e (2.66)
0X OX o0y Oy PH s
o 0z POH Op 0Oz POH 6aKn Z+ 6aKn
= 1+ = (2.67)

X HOX HOX OY HOY HOY' PH Z
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UNUMANNSN2.67) aaluaunisn(.64)

Z+6aKn
[5), Z HOX HOX

(2.68)
i[ZH@—Z —“+6aKn[H——Z@)—AZ}
OX 0X o0X 0oX oX
za[ oz ,0H (az aaﬂ 0z
+R°—|ZH——7" —+6akn| H——Z— | |=+0—
oY oY oy oy oy oT
(2.69)
Mruald
%)
F:ZH—Z—ZZQ—%&K{H%—Z@J—M (2.70)
ox ox ox ox
2[ oz ,0H ( oz aaﬂ
G=R'|ZH——2° —+6akn| H——2z2— 2.71)
oy oy oy oy
Safuaunsii(2.69) annsoangy 1ddadi
OF 0OG 0z



27

- 4 - { 4 H P
143% Crank-Nicolson omnmiin/donlnnnaif o Widunad o TaomsuAninga

4 , i !
nuverananasuly n+—
2

1
ZX, Y, T""?)~ —-[Z(X,Y,Tn+l )+ Z(X,Y,T" )] (2.73)

2

vaaums oy lugivea Trapezoidal formula 9214

n+1 n n+l1 n |

z -z 1| 0z 0z
o— == s + O(AT3 ) (2.74)
AT 2| AT AT |

n+l1 n AT aZ“'H 62“ |
= F— (2.75)

26| AT AT

Hoynsumdimesnszvioiladsui hidhuSaduves F uoz 6 ﬁﬁimamﬂﬂqﬁu n lIAZAANDY
fifloyussusuge O(AT3) Tusunoumsuddaeds I ludanios udesdowdiuy fully
implicit Tasnsdagulaumsifegluzil Tridiagonal Matrix woRVINTIEMIETATUMIIAY
Tmdedosaumsniladia Taolddsznoumsgaiiiuenfiemenuouny X uoz Y o

PTAEER
1 +1,(0)][1 ~L,(%)] (z“Jrl ~z" )=¢ (2.76)

o L (X)uaz L,(X) fio anlszneuvesmsifasuauns Iegiiuaunmsidadu luin

NHAWUUANY X 1a2 Y MudfuLas

B AT aFn+l +aGn+| N aFn aGn

() +
20| oXx oy | | ox oy

(2.77)



T luzaanar nr1 mansadunaldan
"' =" + A"
Widsdunvingdaumsuonamuimmamununy X uag Y audidy
(l _Ll(X))AZ. =0

(1-1, (Y))(z“+I ~2")=A7

s o’: F A aa =Y A AN
ﬂ\iuu‘ilzvlﬂ'ﬂllﬂ"l'iﬁU\iﬂﬁﬂluﬂﬁ‘n‘l\lﬂulllﬂu X UAIUAD
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(2.79)

(2.80)

(2.81)

(2.82)



29

{1—EE(H@~ZZ@+6&@{—~A]“EE(ZH +6aKn)}AZ‘ =0
200X\ OX oX 0X

20 OX
(2.83)
wazaumIntaialuiimmenny Y Sgiide
At 0 [ oG" AT 8| 8" oGAz" .
Az ——— | — A" |—— = AZ (2.84)
200Y\ 0z 20 0Y\ 0z/0X OY
{ AT 6( oz  oH )
]1——R" —| H——2Z— + 6aKn— |—
26 OY oy
AT , O %
—R*—(zu+ 6&1{;11{)}(2“+l -z" )=Az
20 OY
(2.85)

WnuMaumsnEe.78), (2.83) uaz(2.85) lwaumsi2.76) oudmawes 2™ wiow q

ar v d‘ - 4 ] b [ = = LY

NUUNTUNITNITIAADUN "]Ni]ﬂ‘]f’.lﬁi\]l\!-ﬂﬂﬂ'l "Tﬁﬂﬂmzﬂ'ﬁl'ﬂ'ﬂﬂﬂlll]ﬂiﬂi]ﬂﬂiiﬂﬂEN‘H'Jﬂ’l‘u
A  dda ¥

ﬂ11]llu?llﬂuﬂ'i'il.ﬂﬁﬂu‘ﬂﬂﬂ‘i]’ﬁm'lﬂz"lﬂ
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26 OX\ 0OX ox 20
{ At a( oz aH]
1——R*—| H——2Z—+ 6akn— |—
20 OY\ OY
A
2 —(zH +6aKnH)}(Zn+] —z“)
20
AT [Z+ 6akn] 0z , 292 (H“+H“+1)+
= . T Sl
20 oy’ oy’

(2.86)
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00
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00
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S [ [y@—1axay
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Abstract

This paper presented the optimum design of a
magnetic head slider in magnetic storage device at
statically operating condition. The modified Reynolds
equation included molecular slip flow effects has been
formulated for the Truncated Cycloidal head slider. The
mathematical programming comprised of the Broyden-
Fletcher-Goldfarb-Shanno (BFGS) method and the line
search method was utilized to minimize the flying
heights of magnetic slider bearing. Optimum design
variables, rail width and taper angle were obtained and
compared with the results from IBM 3380 type head

slider.
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Abstract

This paper presents a method to predict the static
and dynamic characteristics of the air lubricated
slider head in a hard disk drive by using
optimization technique. The time dependent
modified Reynolds equation based on the
molecular slip flow approximation equations is
used to describe the fluid flow within the air
bearing and the implicit finite difference scheme
is applied to calculate the pressure distribution
within the slider head. The exhaustive search
combined with the Broyden-Fletcher-Goldfarb-
Shanno method are employed to obtain optimum
design variables which are taper angle, rail width
and taper length in order to keep the forces and
moments acting on the slider head in dynamic
equilibrium. The results show the static and
dynamic characteristic of the optimal slider head
and compared with the characteristic of IBM
3380 head slider.

1. Introduction

The most critical factor to determine the
performance of magnetic disk drives is the
head/disk interface at which the flying magnetic
head is to keep stable between head slider and
disk surfaces under the static and dynamic
operating conditions. There are many research
works on optimum design of magnetic head
sliders: O’Hara et. al. and Lu et. al. determined
the optimum geometries of a subambient pressure
shaped rail in magnetic head slider in 1996. Bogy
et. al. obtained the optimal geometries with
included the amplitude sensitivity as an objective
function in 1998. In 2000, Hashimoto and Hattori
obtained the optimum magnetic head slider using
the combination of direct search method and the
successive quadratic programming technique.

The objective of this paper is to propose an
efficient method to predict the static and dynamic

Electro-Mechanical Engineering Lab
Mechanical Engineering Department
ReCCIT Faculty of Engineering
King Mongkut’s Institude of Technology
Ladkrabang
Bankok 10520 Thailand
Email: s3062027@kmitl.ac.th

flying characteristic of the optimal self acting air-
bearing sliders in magnetic disk drives by using
an optimization technique.

2. Governing Equation

The schematic diagram of the magnetic slider
head to be considered is shown in Fig.l. A
rectangular coordinate system (X,Y) with the
origin placed at the corner of the inner and
leading edges and with the X and Y axes pointed
in the slider’s length and width directions
respectively. The slider was assumed to have two
degree of freedom motion, translation
perpendicular to the disk surface and rotation
around the transverse axis.

The generalized time dependent Reynolds
equation for analyzing the air film pressure
between the slider head and disk surfaces can be
expressed as (1):

2 (0@ )ir2 2 (0P ) 72 (pp)_o APH_
a—X-[QaX]+R GY(QGYJ Aax(PH) = =0
0]

where
Q(P,H)= (P, H)PH? (2)

¢(P,H) is the poiseuille flow factor taking into

account of the air rare faction effects based on the
linearized Botlzmann equation (2) which can be
expressed as:

2 3
sG] (5
(3)

The boundary conditions are give as:

PO.YT)=P(LY,T) = P31 = P(X 1, D) =,
@)



The slider head motion has two degree of

freedom in this analysis and can be written as:
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M,Z+Fy =2 [ [(P-1}dXdY (5)
-1/20

1/2 1
leb+Mg -FsXgs =2 [ [(P-1)Xg -X)dXdY
-1/20

(6)
Equation (1), (5) and (6) can be solved
numerically to obtain dynamic response of slider
head.

3.Optimization Technique

The optimization problem for the solution of air
bearing can be formulated as:
The objective function is to minimize

y=R{+R} (7)
where
/2 1
R, =M;Z+F, -2 | [(P-1)Xdy (8)
-1/20
3 1/2 1
R, =Ig0+M, —FsXgx -2 [ [(P-1fXg -X}XdY
-20
9

The constraints are

B" <B<BY (10)
oL, <0 <0% (11)
Ers Sl ZLE: (12)
Lt1p i
Z
» hio mg "
| A AT T77 X
Xa "1 Xos T
Xs u
}7
I B
z
[ B
L

Fig.1 Model of magnetic head slider

This problem, the design variables are slider rail
width B, taper angle 6pand taper length Lip.
The constraints of equation (10), (11) and (12)
are impose to limit the value of slider shape
where lower and upper bounds are denoted by
superscripts L and U respectively.

In this study, we utilized the exhaustive search
first to get the design variables close to the
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solution and then to use the Broyden-Fletcher-
Goldfarb-Shanno(BFGS) method for determining
the descent direction due to its well know
excellence and effective algorithm. The design
variables are updated as:

+1 _ Rpa *qq
Bq =B +0'.BSB

(13)

9+l _ n4a * Qg
O7p =067p + 0, Sq

q+l _ 14 b q
Ly L-n,+0tL]_PSLTP

where q is the iteration number of optimization
process. The convergence criteria are met as:

ly|<e (14)

where & is the convergence tolerance.

4. Computational Results

The results optimization for taper-flat head slider
on the present method are shown in Fig.2, Fig.3
and Fig.4. The optimum rail width(B)gyis 0.6589
mm., the optimum taper angle (8),, is 14.64496
mrad. and the optimum taper length (Lyp)ep is
0.24788 mm. Which give the minimum objective
function y as 1.807488 x 107,

In this study, the static characteristic of the
optimum taper-flat slider head was compared
with the IBM 3380 taper-flat slider head as
shown in Fig.5, Fig.6, Fig.7, Fig.8 and Fig.9
respectively. In Fig.5 shows the air film pressure
distribution along X axis at y = b/2 of the
optimum taper flat slider and compare with the
IBM 3380 slider head. Fig.6 shows the pressure
distribution along X and Y axes of the optimum
taper flat slider. The spacing at leading and
trailing edges are increase with the increase in
disk speed as shown in Fig.7. The spacing at
leading and trailing edges are changed slightly as
the increase in suspension position and
suspension preload as shown in Fig.8 and Fig.9
respectively.

For the simulation of dynamic characteristic of
the optimum taper flat slider head was also
compared with the IBM 3380 taper flat slider
head as shown in Fig.10, Fig.11, Fig.12, Fig.13,
Fig.14 and Fig.15. The dynamic response of the
slider head under input bump with the bump
height h=0.lpm.and bump width

w=0254cm.at various disk speed
U =15,20and 25m/s. The response time are

approximately 0.3 msec. in transient state. After
t > 0.3 msec., the flying slider head becomes
steady state.



5. Conclusion

The flying characteristics of the optimal taper

flat self-acting air bearing slider are simulated

and can be concluded as

1) The optimal taper flat slider give slightly
larger spacing at trailing edge than the
spacing for IBM 3380

2) The optimal taper flat slider has better
dynamic characteristic than the dynamic
characteristic for IBM 3380.
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6. Nomenclature

B = slider rail width

Fy = normalized suspension pre load (fy/p,LB)

H = normalized spacing (h/h,)

h; = minimum allowable spacing

hyp = leading edge spacing

hyg = trailing edge spacing

Kn = Knudsen number (X,/h,)

L = slider length

Iy = normalized slider moment of inertia about
the pitch axis (ieh,mozz‘p,LaB)

M = normalized slider mass (mh, 02 /p,L’B)

P = normalized pressure (p/p,)

P, = ambient pressure

T = normalized time (® t)

U = velocity of disk (ro, )

Lyp = taper length

0p = taper angle

X = normalized location of the center of gravity

(x6/L)

Xgs = normalized distance between the center of

gravity and support position (xgs/L)

Xs = normalized location of the support position

(xs/L)

© = Normalized pitch angle of slider (8 L/h,)

o = Squeeze number (12puw0LY/p,h,’)
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Abstract

This paper presents a method to predict the static
and dynamic characteristics of the air lubricated slider
head in a hard disk drive using optimization technique.
The time dependent modified Reynolds equation based
on the molecular slip flow approximation equations is
used to describe the fluid flow within the air bearing and
the implicit finite difference scheme is applied to
calculate the pressure distribution within the slider head.
The exhaustive search combined with the Broyden-
Fletcher-Goldfarb-Shanno method are employed to
obtain optimum design variables which are taper angle
and rail width in order to keep the forces and moments
acting on the slider head in dynamic equilibrium. The
results show the static and dynamic characteristic of the
optimal slider head and compared with the characteristic
of IBM 3380 head slider.

1. Introduction

The most critical factor to determine the performance
of magnetic disk drives is the head/disk interface at
which the flying magnetic head is to keep stable
between head slider and disk surfaces under the static
and dynamic operating conditions. There are many
research works on optimum design of magnetic head
sliders; O'Hara et. al. and Lu et. al. determined the
optimum geometries of a subambient pressure shaped

rail in magnetic head slider in 1996. Bogy et. al. obtained

the optimal geometries with included the amplitude
sensitivity as an objective function in 1998. In 2000,
Hashimoto and Hattori obtained the optimum magnetic
head slider using the combination of direct search
method and the successive quadratic programming
technique.

The objective of this paper is to propose an efficient
method to predict the static and dynamic flying
characteristic of the optimal self acting air-bearing sliders
in magnetic disk drives by using an optimization

technique.
2. Governing Equation

The schematic diagram of the magnetic slider head
to be considered is shown in Fig.1. The slider was
assumed to have two degree of freedom motion,
translation perpendicular to the disk surface and rotation
around the transverse axis.

The generalized time dependent Reynolds equation
for analyzing the air film pressure between the slider

head and disk surfaces can be expressed as (1):

_Q(Q@)+Rz E(QE)—AE(PH) —ca(PH) =0
X\ X v\ o X or

Q)

where

Q(P,H) =(IID(P.H)F‘H3 (2)



CI)( P.H) is the poiseuille flow factor taking into

account of the air rare faction effects based on the
linearized Botlzmann equation (2) which can be
expressed as:

2 3
Kn Kn Kn

(})(P.H)=ao+a.| — |ta, +ag
PH PH PH
3)

The boundary conditions are give as:
1 1
P(0,Y,T)=P(LY,T)= P(x,?n = P(X,—E,'I') =P,
(4)

The slider head motion has two degree of freedom

in this analysis and can be written as:

121
MyZ+Fy =2 [ [(P—1)dxdy

=1/20
(5)
. 172 1
160 +My —FsXgs =2 [ J(P—1)(xg —X)axay
=1/20
(6)

Equation (1), (5) and (6) can be solved numerically

to obtain dynamic response of slider head.
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Fig.1 Model of magnetic head slider
3.0ptimization Technique

The optimization problem for the solution of air
bearing can be formulated as:

The objective function is to minimize

2 2
y=R; +R, @)
where
1/2 1
Ry=MzZ+F —2 [ [(P—1)dxav @)
—1/20
2 4

R, =18 +My —FXgx —2 | I(P—1)(xG —x)uxuv

—1/20

9)
The constraints are
L U
B <B<B (10)
S v}
O £0.45:50 (1)
Input initial value for flying attitude
v © i
Exhaustive Search L™ characteristics
Y sualysis based
™ Determine the direction on modified
v Reynolds
Perform constrained line scarch = equation
¥
Update flying attitude
No ’: .
Yes



This problem, the design variables are slider rail
width B and taper angle GTP. The constraints of
equation (10) and (11) are impose to limit the value of
slider shape where lower and upper bounds are denoted
by superscripts L and U respectively.

In this study, we utilized the exhaustive search first to
get the design variables close to the solution and then to
use the Broyden-Fletcher-Goldfarb-Shanno(BFGS)
method for determining the descent direction due to its
well know excellence and effective algorithm. The design

variables are updated as:
|
B =B% +apSy (12)
a+l _ nq * Qq
O1p =07 + %oy Sorp (13)

where 6 is the iteration number of optimization process.

The convergence criteria are met as:

ly|<e (14)
where € is the convergence tolerance.
4. Computational Results

The results of optimization for taper-flat head slider
on the present method are shown in Fig.3, Fig.4 and
Fig.5. The optimum rail width (B)opt is 0.6419 mm. and
the optimum taper angle (), is 12.6132 mrad. Which
give the minimum objective function y as 5.416608x 10"

In this study, the static characteristic of the optimum
taper-flat slider head was compared with the IBM 3380
taper-flat slider head as shown in Fig.6, Fig.7, Fig.8,
Fig.9 and Fig.10 respectively. In Fig.6 shows the air film
pressure distribution along X axis at y = b/2 of the
optimum taper flat slider and compare with the 1BM 3380
slider head. Fig.7 shows the pressure distribution along
X and Y axes of the optimum taper flat slider. The
spacing at leading and trailing edges are increase with
the increase in disk speed as shown in Fig.8. The
spacing at leading and trailing edges are changed
slightly as the increase in suspension position and
suspension preload as shown in Fig.9 and Fig.10
respectively.

The dynamic characteristic of the optimum taper flat
slider head was also compared with the IBM 3380 taper
flat slider head as shown in Fig.11, Fig.12, Fig.13,
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Fig.14, Fig.15 and Fig.16. The dynamic response of the
slider head under input bump with the bump height
h=0.11Um. and bump width w =0.254 cm. at various

disk speed U=15,20 and 25 m/s. The response time

are approximately 0.3 msec. in transient state. After
t=0.3msec., the flying slider head becomes steady

state.

Objective function

v‘WV L
s>

Fig.3 Contour curve of objective function and design

variables.

Objective funtion
(-]

Fig.4 Contour curve of objective function and slider

rail width,
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optimal slider head.
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5. Conclusion

The flying characteristics of the optimal taper
flat self-acting air bearing slider are simulated and can
be concluded as

1. The optimal taper fiat slider give slightly larger
spacing at trailing edge than the spacing for
IBM 3380

2. The optimal taper flat slider has better dynamic
characteristic than the dynamic characteristic
for IBM 3380.

6. Nomenclature

B = slider rail width

Fo = normalized suspension pre load (fyp,LB)

H = normalized spacing (h/h,)

h, = minimum allowable spacing

h.p = leading edge spacing

hrg = trailing edge spacing

Iy = normalized slider moment of inertia about the
pitch axis (ighyo2/p,LB)

Kn = Knudsen number ().Jh.)

L = slider length

Mz = normalized slider mass (mh, u)g Ip,Lzﬂ)

P = normalized pressure (p/p,)

P, = ambient pressure

T = normalized time ( W t)

U = velocity of disk (r )
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Lyp = taper length

0-p = taper angle

Xg = normalized location of the center of gravity
(xg/L)

Xgs = normalized distance between the center of

gravity and support position (xgs/L)

Xs = normalized location of the support position
(xs/L)

© = Normalized pitch angle of slider (0 L/h,)

0 = Squeeze number (12mezlpah.2)
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