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ABSTRACT

In this thesis, the numerical scheme based on the finite difference is developed to simulate
the transient and steady state flying characteristic of Ultra-Thin head slider in magnetic storage
devices. The control volume formulation of the linearized generalized Reynold equation is utilized.
The numerical calculation results are pressure distribution and flying height at varying disk speed at
steady state conditions. In dynamic simulation, two dimensional Reynolds equation and equation of
motion of the slider with two degree of freedom is formulated. The spring constant and damping

coefficient are obtained numerically.
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Ox n Ox Oy n Oy Ox Oy Ot (3.1)

e x uazy Aevidauudunu Taux eglufirmamsauivavesriaeiu

aumsisd luaauuu 1394[26)

0 { ,(apﬂ (L) 0 [ ,(apﬂ o(pr)  O(PH)
—|ePH’| — | [+ = |[=—|err’| — | |-A —a =0
ox Ox B) Oy 15)4 Ox or (3.2)

A AoMAuavUMIT0IAY (bearing number) = 6 T]GUL/pah:

P 1w o 2 2
o ADAIAAUAUNITINADA (squeez number) = /277, WL / h p,
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w O 11U

lav  o(p.m)=@(r.a)pr’  Tavh @(p.H) Aemisznoumsiva (Poiseuille flow

factor)[13]
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dZ dz
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Ty~ 4Byt K+ +(F+K€Zchg —~%, )+Fchg=(xq —fp)r/,
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o0

F,=F+K, (z —Xm.é’)+cz (7l~ Xcsé)

M=M,+K,0+c,0
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4.1.1 MIMMIMMUTIN

UNUANMSN4.6 asluaunisn 4.2 4.3 4.4 uaz 4.1 1aaail

X X x ¥ ¥ y r o
F(Pu ):Qm +Qmo —Q.')fru Qe T9, T0,, Qo Qo =10 (4.10)

4

x X X x Y Y Y v
G(Pr ):Q.rr +er O _QJPT +Q.rr +Qﬂr —Qur QIVT _Qi,j'." = (4.11)

M11n15 lincarlized taz lufAnmoususvaoa

F(P(“)+M op = (4.12)

0

¥
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' : ° o 3/ a @ A
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+49=0 (4.13)
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Ay 24 Ay ( 2C
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ey, - )+ 2, e, )- 25, - 5,
2 2 2 s
Ay, Ax Ax. Ax Ax.
- }(DA’J_DXI)+ l IAH'+ 'Br.'— ; Icn_ IDr.' (4.14)
2 2 2 2 2
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_A(HU'PH)B BXJ=AHUI5
3 ﬁ - i § ?ﬁ . 3
$,n1.). ol n—{apa (@&Ho)}c 5l o (8,n2,).
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2 3
Cy,=R (¢0P0Ha )c

i

2 3
CY.’ =R (¢ﬂ PFJ I-{ﬂ )(_

o o,
_C €y, =R {6P0(¢0PGHD)} 5y

P
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.

I - F P -
o {Zonn) &

i i
—— D, . =R (¢PH)
D ¥3 0 0o /p
ay D

D

2 3
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4.1.2 msmnadumunaia
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INAUNITIT Tuad

E[QPH’[a—PH+(£)E|iQPH’[@ﬂ—Aa(PH)—Ja(PH) =0
ox ox B)OY 15) 4 ox or (4.16)

Taoiou lvanuaunusnuvoudo

P(0.y,TY=P(1LY,T)=P(X0.T)=P(X.1.T) =/ (4.17)
1 H=H,+AH(T)
p=p+Ap(T) (4.18)
An(r)=z(r)+0(r)(x, — x )+ 4, sin(£2r) (4.19)
ulasandanaldidu

— £2
AF!ZE+@(X-X.)+AD(2—). (4.20)
. s+ 07

AP=AP7+AP,@ + AP 4, I'Q - (4.21)
s +02

o" e o 9 = g/
vnaumsisd luaam ldiduaumsidaduy
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%y | oy
XP,= ! YF)=
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0oy %y
BT S BT
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0 ( op, J 5 @ ( 5!7,)
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:_i{(xh,_x)(gmu%_@j}ﬂ(X 01200, L)oo, -

Ox Ox
(4.24)
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K, = —]']Re(dg Yoxay (4.26)

k,, =~ | [re( 4P, Jxar (4.27)
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THE EFFECTS OF GEOMETRY CHANGE IN MAGNETIC
HEAD SURFACE ON THE STATIC FLYING
CHARACTERISITICS OF SLIDER HEAD IN MAGNETIC
STORAGE SYSTEMS

M.MONGKOLWONGROJN, Associate Professor
W.GUNNUANG, Graduated student
Elccetro - Mechanical Engineering Lab.

Mechanical Engincering Department
ReCCIT Faculty of Enginecring
King Mongkut's Institude of Technology
Ladkrabang Bangkok 10520 Thailand

E-mail kmmongko@kmitl.ac.th

ABSTRACT

In this study, the static flying characteristics of Ultra-thin film head slider arc
investigated theoretically due to the change in head geometry caused by head and disk
contact. The film shapes of magnetic head slider are taper-flat, truncated cycloidal-flat and
exponential-flat that were derived to obtain air film distribution between the slider and the
rigid disk in magnetic storage systems. Two-dimensional modificd Reynolds equation
included molecular slip effect are formulated with neglected the roughness cffect. Finite
difference approximation with Newton Raphson iterative technique was implemented to
calculate the pressure distribution and flying heights of various change in head geometry

numerically,

The simulation results show the film shape has affects significantly on the statle
characteristic of magnetic head.

Keywords Ultra-thin film head slider. Modificd Reynolds equation with molecular slip
cffect, Finite difference method with Newton Raphson iterative technique,

Static flying characteristic
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Transient Response of Head Slider with Geometry Change in
Head Surface of Magnetic Storage Systems

M. Mongkolwongrojn and W. Gunnuang®
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Abstract
In this study, the dynamic Nying characteristics of the
wom head sliders are investigated theoretically due to
the change in head geometry caused by head and disk
contact. The film shapes can be approximated as taper-
truncated cycloidal-flat film.  Two-dimensional time
dependent  modified  Reynolds  equation  included
malecular slip cffect are formulated with neglected the
roughness cffect. The motion of head slider was
assumed to have two degree of freedom in this work.
Finite difference approximation with Newton Raphson
iterative technique and the fourth order Runge-Kutta
method were implemented to obtain the transient
response of the slider head with various change in head
geometry numerically and compared with 1BM33%0
type head

The simulation results show the film shape has

affects  signilicantly  on the  static and dynamie
characteristic o slider head in - magnetic storage
systems,

1. Introduction

In the design of a high performanee magnetic head
shder needs to keep a very small spacing between the
slider and the disk surfaces under both static and
dynamic operating conditions in  magnetic slorage
devices. Many research studies on numerical amalysis of
the performance churactenstivs of magnetic head and
slider in magnetic storage devices have been done Tor
our three decades, for examples Castelli and Pievies |3
Ono[4]. White[5,6]. Nishihara et al.[7] and Bogy[8.9].
However. only few papers investigated the effeets of
geometry change in magnetic head surface on the Hying
characteristies of slider head. In this paper. the elfeets of
film shapes due 1o geometry change in magnetic head
surtace on - the flying charaeteristic of e sell-acting
taper Mlat type head were investigated using modhlicd
Keynolds equation with molecular slip cffeets hase on
Fukui & Kaneko model[1.2]. The IBM 3380 type slider
was investigated theoretically.,

L Theoretical analysis

The generalized  modified  Reynolds  cquation for
analyzing the static air film pressure between head
shder and disk surfice in magneric storage SYSlems s
Swownin Fig, 1 ean be expressed as

NTENR-TOS 7902517 Do 2002 11,

[
r

o f . apr) .n( arP 2
—| o= |+&? — |-i=(PH
a,\'(( 5-xJ+ ar\Qar} Fx PR

aptr)

o ar ——0 (n
QCP.M j=¢(P.H ) PH* (2)
. L
Az(wb 3

P

where ¢ ( P.H ) is the Poiscuille flow factor based on
lineraized Boltzmann equation as :

. K X 2 K A}
p( P )=u, .H{'{\Fﬁ)*-“z[ﬁJ 'HH(I_’;?] [E))]

The boundary conditions are given as ;

POy, T)=r0,y.T)= r{\% r): P[‘.’%T) =1(5

Fig. 1 Analytical model of magnetic head slider

IEEE 1CIT'02, Bangkok. THAITLAND
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Normalized slider height (hho)

0.2 04 0.6

Normalized slider length{x1.)

o8 1.0

Fig. 2 Air Film distribution

For head slider in dynamic equilibrium condition. the
force and moment balance equations can be written as

K
MZ + F, =2 j' I(P—l)r!Xd)’
ft,; 0

(6)

.

[oG+M, - FgXgg=2

J=—oX

!
J‘(p- &g - V)XY
L]

N
3

(7)

Solving the time dependent modified Reynolds equation
(1) and the force and moment balance equations (6) and
(7) simultancously, the dynamic characteristic of the
head slider can be calculated. The taper-truncated
cycloidal-flat film shape were investigated in this paper
and can be written as 1

h=hyg + (L= Lyp )tan 0+ (Lyp = X)tan Oy ;
DsxgZl

I|=hﬂ[l+2[cr—l({

(8)

2l X3 E)]
a=hy lhy,
hzhpg +(L-X)an0: 225X <1 (10)

The air film distribution of the IBM3380 type slider and
the taper-truncated  cycloidal-flat - film  shape  are
calculated  from equation 8, 9 and 10 and shown in
Fig. 2

3. Results and discussions
In this simulation, the static and dynamic characteristic
of head slider with rail width &, wper length Lpp taper

36

angle ¢y, suspension location Xy and suspension
preload f, are investigated for the taper-truncated
cycloidal-Nat flm shape due to the geometry change in
magnetic head surface in magnetic storage device under
head and disk contact; Z1 = 0.1104 mm, 72 = 0.5152
mm; 1= 01472 mm, £2 = 04416 mm and Z1 =
0.184 mm, Z2 = 0.368 mm.The dimension of the 1BM
3380 1ype slider[1,2] ore slider length / =4.06 mm,

width w =305 mm, taper length Ly -0.38 mm and

wper angle &7 =15 mrad. And the dimension of 1BM
3380 type slider is also use for the worn head slider with
taper-truncated  cycloidal-llat film  shape.The taper-
teuncited cycloidal-Nat film shape was calculated for
three cases which @ Z1 = 0.1104 mm, Z2 = 0.5152
mm; Z1 = 01472 mm, 22 = 04416 mm and Z1 =
0.184 mm, Z2 = 0.368 mm respectively. Fig. 3 through
Fig. 7 show the variaton of spacing at leading and
wrailing edges, 7y pand by

In this study transient response on spacing of slider
head due 1o rectangular bump.  The magnetic head
sliders have two degree ol freedom: translation along
the center of gravity Z and rotation along pitch
angle @ The dynamic response of the slider spacing, ,
the center of gravity and the pitch angle of the slider
head at disk velocities 20 m/s are shown in Fig. 8, 9 and
10. respectively
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4. Conclusion

In this paper, the transient response of worn head sliders
with taper-truncated  cycloidal-flat film shape were
investigated theoretically and can be concluded as

L. The response of spacing at leading edge s
significance compared with the spacing at railing edge
for worn head head sliders

2. The spacing at railing edge tor the worn head reach
the steady state value are almost equal 1o the time
required for the response of IBM3380

3 Time required for the response of the worn head
reach the steady state value are almost equal to the time
required for the response ol IBM3380 hewd shder within
(.32 milliscconds
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6. Nomenclature
T = nomalized tme

b= shider rail width (im)

H = normalized spacing (h/h, )
h, = reference spacing (m)

hypy = leading edge spacing (m)
Iy = railing edge spacing (m)
By - Blmothickness at X=Z1
film thickness at X=22

A, = Knudsen number (£, /h,)

I = shder length (m)

1, = normahzed shder moment of mertia about the
pitch axis (i”f:" mf, /p“f".fj’)

- () 5
M. normahized slider muss [mhl,m;, / f’..""")

P = normalized pressure { p/p,, )

wd

w

93

I, = ambient pressure (Pa)

R = ratio of length to widih of the slider

u = velocity of disk surface (ray, )(m/s)

Ay = normalized location of center of gravily (x4 )

M ¢ = normalized slider moment

Fy = normalized spacing force

Ny = normalized distance between the center o
gravity and support position (= xg /1)

Xy = nomalized location of support position (x, /1)
X = normalized taper length (. /1)

Z = normalized translational displacement of dish
surface (z/h)

© = normalized pitch angle of slider (07/h,)
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Abstract

This paper describes tho investigation of flying characterislic
in steady stale of Ullra Thin Film head slider with smoolh off he
faper angle In magnetic Storage Syslem. Numerical Solution of
two dimensional nonlinear modified Reynolds equation has been
studied. Finite ditference approximalion with Newton Raphson
iterative technique are used In calculation nurneric-ally to-obtain
pressure distibution and loads in steady state. The result are

discussed and compared with the result of IBM3380.
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