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ABSTRACT

This research presents the theoretical analysis of elastohydrodynamic lubrication in seal
o-rings for HGA clamp under line contact using air as lubricant. The seal o-rings oscillate in HGA
clamp and the seal o-rings are rubber material. The molecular slip condition is considered its
effect. To analyze, the modified time dependent Reynolds equation based on lst order of
Boltzmann equation and deformation equation were formulated. Numerical scheme based on the
finite difference method and multi-grid multilevel technique with Newton’s method were
implemented to obtain the pressure distribution and air film thickness of lubrication in seal o-rings
for HGA clamp when the seal materials are assumed to be elastic and viscoelastic materials. The
simulation results found that the air film thickness increase and pressure decrease with the
increase of seal velocity, The air film thickness decrease and pressure increase with the increase
of applied load. The maximum pressure of viscoelastic seal is lower than that of elastic seal. The

air film thickness of viscoelastic seal is greater than that of elastic seal, especially at high velocity.
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Velocity (mm/s)

Film Thickness (Micron)

30

3
2 o
1 =
0 .
-1 -
2
‘3 Ll T T T 1 T L) N 1L T T || ] Ll
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15
Time (Sec)
71 5.1 asmluaasnnuEveImatnAou eI easutaao 1 s0U
2e-5 3
2..
g1-/\
Eo
5
29‘5 = §-2-
-30.0 n.rt 0?2 0?3 074 0.9
1e-5
5e-6 - e Time=0.025
—cemecem:  Time=0.125
sesessesssee T|me=0250
Time = 0.375
- Time = 0.475
0 T SRR = T ==y =
-0.0002 -0.0001 0.0000 0.0001 0.0002 0.000 0.0004

X (mm)
. 4 4
gﬂ 5.2 nluaasmsnszneaNUnIHANeIMA o a1 q lumandeuinu 1y



Pressure Distribution (Bar)

Film Thickness (Micron)
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Minimum Film Thickness (Micron)

Pressure Distribution (Bar)
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Minimum Filmthickness (Micron)

Maximum Pressure (Bar)
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Minimum Film Thickness (Micron)

Maximum Pressure (Bar)
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Abstract: The rapid improvement of digital
technology leads to its frequent uses in monitoring
systemas. Data from eateinal woild is read,
processed. and, eventually, outpul by a digital
system. This paper presents development of a data
acquisition board which communicates with
computers via USB port. In the same board, a Low
Noise Amplifier (LNA) will be incorporated in order
fo make this board suitable for measuring hard disk
reader signals. The systern is composed of a low
noise amplifier, an Analog to Digital Converter
(ADC), a controller unit and USB controller. The LNA
has a gain of 10 V/V, and a bandwidth of 300 MHz.
Its 12-bit ADC samples an input at 240 MSPS, 70
microseconds consecutively every 100 millisecond
cycle.
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straight rails for the magnetic storage system in hard
disk drives. The modified Reynolds equation based
on a linearized version of the Boltzmann equation
was formulated. Numerical scheme based on the
finite difference method and multi-grid mulilevel
technique with Newton's methad were implemented
to obtain the flying characteristics of uftra-thin head
sliders in steady state. The pressure prafile and
flying height were calculated by varying the recess
depth, rail length. rail width, step length, pad langth,
pad width, taper angle, load and disk velocity. The
recess depth, rail width and pad width have a
significant effect on the performance characteristics
of the sub-ambient pressure sliders air bearing in
the hard disk drives. The simulation result of the
sub-ambient air bearing for minimum flying height
is approximately 14 nm.




Theoretical Analysis of Sub-ambient Pressure Sliders in HDD

Mongkolwongrojn, M., Suksangpanya, N.
Electro-Mechanical Engineering Lab.
Mechanical Engineering Department

ReCCIT Faculty of Engineering
King Mongkut’s Institute of Technology
Ladkrabang Bangkok 10520 Thailand

Abstract

This paper describes the theoretical analysis of sub-
ambient pressure sliders with straight rails for the
magnetic storage system in hard disk drives. The modified
Reynolds equation based on a linearized version of the
Bolrzmann equation were formulated Numerical scheme
based on the finite difforance method and multi-grid
multilevel technique with Newton’s method were
implemented to obtain the flying characteristics of ultra-
thin head sliders in steady state. The pressure profile and
flying height were calculated by varying the recess depth,
rail length, rail width, step length, pad length, pad width,
taper angle, load and disk velocity. The recess depth, rail
width and pad width have a significant effect on the
performance characteristics of the sub-ambient pressure
sliders air bearing in the hard disk drives. The simulation
result of the sub-ambient air bearing for minimum flying
height is approximately 14 nm.

1. Introduction

In order to increase the recording density and interface
performance of magnetic hard disk drives (HDD), it is
essential to minimize spacing between the slider and disk
surface at the trailing edge. Presently, the flying height for
commercially available disk drives with a recording

Moreover, the rotational speed of the disk has been
increased to improve the transfer rate. Therefore, the
geometry and pressure on the air bearing surface become
significant for design considerations, such as flying
heights and flying attitudes.

Recently, much research work has been done to
reduce the flying height in HDD system. In this research,
the sub-ambient pressure sliders were investigated by E.
Cha and D.B. Bogy (1995) who developed a numerical
scheme using a control volume formulation to simulate
static flying condition and dynamic response of sub-
ambient pressure sliders with straight rails and guppy
sliders [2]. J.W. White (1997) presented flying height and
air bearing force of transverse and negative pressure
contour (TNP) [3]. Y. Hu and D.B. Bogy (1998) solved
the problem of high bearing number of magnetic heads by

using a multi-grid control volume method [4]. Y. Hu,
P.M. Jones and K. Li (1999) shows air bearing suction
force, air bearing lifting force and flying height of sub-
ambient pressure slider during dynamic unloading [5].
Q.H. Zeng and D.B. Bogy (1999) analyzed the
characteristics of dynamic air bearing properties by
contrasting many types of head sliders [6]. Hashimoto H.
And Hattori Y. (2000) developed the optimum design
method to find optimum flying height of head slider by
using the finite difference method and hybrid
optimization technique [7].

The sub-ambient pressure slider is utilized according
to figure 1 which can produce sub-ambient pressure in the
recessed region. The objective of this study is to analyze
the phenomenon of each parameter on minimum flying
height by simulation.

2. Modified Reynolds Equation

Analyzing lubrication theory, Reynolds equation has
been utilized to calculate pressure distribution and flying
height. The governing equation for each of these models
and the no-slip model can be written in the dimensionless
form as equation (1).

B (nOP), 12 0(,0P) '\ O
(Q }”" ay(gar) Agg\PH)

X\~ ox

While Q=@ (P,H)PH® and @(P,H)is poiseuille
flow factor which takes the Boltzmann-Reynolds model
as shown in equation (2) and4,,4, Aand A4 are
constants that depend on Kn/PH

1)

beasa(f2)ea( 5] 4 2]

The equation of flying height is analyzed from the
surface of the air bearing of the head slider that can be
written in the dimensionless form as equaiion (3).
H=H, +(1-X)(Hy —Hy)+6 3)

When ¢ is the depth parameter that depends on its
position on the surface.
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Figure 1. Parameter on the slider

There are two degree of freedom in the motion of the
head slider, that is force balance and moment balance,
which must to be balanced. The dimensionless force
balance equation is

[, (p-pxar =1

1
2

@)
The dimensionless moment balance equation is

1
= el
IiLX(P—l)dXdeXGFa 5)
2
After that, the finite difference and Newton-Raphson
methods were utilized with the boundary condition in
equation (6).

P(O,Y)=P(1,Y)=P[X ,%—)=P[X ,-%]=1 (6

3. Simulation results

The dimension of the sub-ambient pressure sliders in
this study is 1.20 ##m in length and 1.00 m#n in width. The
head slider can establish the pressure profile as shown in
figure 3 when the recess depth is 3.0 um, disk velocity is

20m/ s, load is 20 mN , pad length is 0.40 man, pad width
is 0.30 mm, step length is 0.15 mn, rail width is 0.10 mm
and taper angle is 15mRad. In this study, the flying
heights were calculated with varying recess depths, rail
lengths, rail widths, taper angles, step lengths, pad widths,
pad lengths, loads and disk velocities which are shown in
figure 3 to figure 11.

The rail width has a significant effect on the pressure
distribution and flying height. When increasing the rail
width, pressure at both the leading edge and the trailing
edge drop due to the enlargement of the contact area of
the air bearing. Moreover, the sub-ambient pressure
decreases as a result of load balancing. Hence, the flying
height on both sides of the slider is dramatically increased
as shown in figure 3.

The rail length has a significant effect on the pressure

PRESSURE (BAR)

06

04
% \MQ.'\\

[igure 2. Pressure Distribution

distribution and flying height at the trailing edge, but it
has little effect on pressure distribution and flying height
at the leading edge. When the rail length is reduced, the
pressure on the cut area disappears, which causes a rise in
pressure on the bearing pad under the condition of load
balancing. Consequently, the flying height at the trailing
edge is then reduced; on the contrary, the flying height at
the leading edge increases slightly as shown in figure 4.

The step length has a significant effect on the pressure
distribution and flying height at the leading edge, but only
marginal effects on the pressure distribution and flying
height at the trailing edge. The increase in the step length
induces a huge decrease of pressure at the leading edge
because of the enlargement of contact area. At the trailing
edge, the pressure is increased by the condition of
load balancing. According to the pressure distribution and
geometry of the air bearing surface, the higher flying
height at the leading edge appears to be enlarged by the
step length as shown in figure 5.

The pad length has a moderate effect on pressure
distribution and flying height on both sides of the head
slider. By increasing the pad length, pressure at the
leading edge is steady; on the other hand, the pressure at
the trailing edge drops because of the enlargement of the
contact area. Due to the effects of the pressure
distribution, the flying height is increased slightly as
shown in figure 6.

The pad width has a large effect on the pressure
distribution and flying height at the trailing edge but only
a small effect at the leading edge. When enlarging the pad
width, the pressure distribution at the leading edge is
stable, but at the trailing edge pressure is decreased
because of the increase in the contact area. Due to the
pressure distribution and geometry of the air bearing
surface, the flying height at iie trailing edge increases
sharply with the increased pad length; on the other hand,
the flying height at the leading edge is steady as shown in
figure 7.

The recess depth has a significant effect on both
pressure distribution and flying height. When the recess
depth is increased, the sub-ambient pressure increases
until its depth is approximately 2.0 um, after that the sub-
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ambient pressure decreases if the recess depth is
increased. To satisfy the load balance, the pressure
distribution must rise and fall together with the changing
of the sub-ambient pressure. For these reasons, the flying
height at the trailing edge decreases rapidly. The flying
height gradually increases with the increase in recess
depth. Meanwhile, at the leading edge, the flying height
decreases slowly at first, and then suddenly increases as
shown in figure 8.

The taper angle effects the flying height but only has a
small effect on the pressure distribution. As the taper
angle increases, the pressure distribution increases
marginally at the leading edge and decreases slightly at

140
120 | B T s -
e —————— e
E 100 {
£
7]
TS TRAILING EDGE (M)
z ——— LEADING EDGE (Hid)
O
I 60
z
3
i 9
5 -G
(o RS [5]
0 T T T T T
Q.32 0.34 036 0.38 040 0.42
PAD LENGTH, LtrX (mm}
Figure 6. Flying Height versus pad length
140
120 4 ‘______. _____ L I a ————
T 100
£
(2]
w 80 4
w — TRAILING EDGE (Htr)
g ——=  LEADING EDGE (Hd)
T 601
&
~
Y ]
20 &"4‘/
0 T - T T T T
0.15 020 025 030 035 0.40 045
PAD WIDTH, LtrY (mm)
Figure 7. Flying Height versus pad width
140
L]
-
120 ),""
"
E 10 o N S, e e
@
w 80 -
4 === LEADING EDGE (Hid)
2 e g
-
=
NG
20 4 \\L =
(1] T T T T T T
10 15 20 25 a0 s

RECESS DEPTH, Hgr (1m)
Figure 8. Flying Height versus recess depth

the trailing edge. However, the flying height decreases
sharply at the leading edge, whereas at the trailing edge it
gradually increases as shown in figure 9.

The load has a moderate effect on both the pressure
distribution and the flying height. By increasing the load,
the pressure rises to satisfy the load balancing. Therefore,
the flying height drops to generate a higher pressure as
shovm in figure 10,

In the general, the head slider disk velocity has no
effect on the pressure distribution, but it has a most
significant effect on the flying height which suddenly
increases a height along with the increases in the disk
velocity. But on the sub-ambient pressure slider, the
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effects of the disk velocity can be reduced as the slider
can generate a sub-ambient pressure that increases
together with the disk velocity. For this reason, the
pressure on the contact area will increase to satisfy the
load balancing condition. Accordingly, the flying height
must not be too high so that it can generate the desired
pressure. For this reason, the disk velocity only has a
slight effect on the flying height of the sub-ambient
pressure slider, especially at the trailing edge as shown in
figure 11.

4, Conclusion

The theoretical analysis of the sub-ambient pressure
sliders in a HDD have been examined and it can be

concluded that the bearing geometry has a significant
effect on the flying characteristics of the air bearing in
both flying height and pressure profiles. The priorities for
good performance in a sub-ambient pressure slider is that
it should have a small air bearing with a narrow rail
width, pad width and an optimum recess depth of

approximately 2.0 um .

5. Nomenclatures

B Rail width P Pressure,

F, Load, P=plp,
F,=f,/BLW X, Support position,

H  Film thickness, X =x,[L
H=h/h, X Cartesian coordinate,

H, Recess depth X=x/L

h,  Reference film Y  Cartesian coordinate,
Thickness Y=y/W

h,  Trailing edge
h, Leading edge
K, Knudsen number,

U/ Disk velocity
W  Slider width
A Mean free path,

K, =4,/h, A, ~64nm
L Slider length A Length-width ratio,
L, Rail length A=LW
L, Step length A Bearing number,
L, Pad length A=6u,UL/ p, K}
L., Pad width H, Gas viscosity

P, Atmosphere pressure 0, Taper angle
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