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Analysis of Dynamic characteristic of

2-DOF Contact Slider

Kyoung-Su Park, Jeong-Il Chun, and Young-Pil Park

ABSTRACT

The flying height of contact slider is determined by vertical and pitching motions of slider. This paper
performed the computer simulation for flying height change of contact slider. It is changed by many parameters,
contact stiffness, contact damping, air bearing stiffness ratio, a location of mass center, and so on. Computer
simulation is performed for knowing for what change of these parameters influences in flying height of contact
slider. Disk surface is modeled in harmonic wave with from 10kHz to 600kHz. Tri-pad slider is modeled in that
contact slider has 2-DOF motion (vertical motion, pitching motion). Tri-pad contact slider is analyzed by

numerical analysis method in computer simulation.

Keyword : Vertical and pitching motion, Harmonic wave, Contact slider ,Tri pad

1. Introduction

Since 1997, the areal density of magnetic drives has
increased from 700 Mb/in® to 7 Gb/in® in 2000 and is
projected to reach 60 Gb/in® by the year 2002. And,
although magnetic drives will mainly be around 24-36

Gb/in’ in 2001, a demonstration of 100 Gb/in” is expected.

The lower flying height is, the higher areal density of
magnetic drives increase. But the flying height of present
system has approached to several ten nanometer which
would be the smallest limit realized for the reduction of
the spacing in the flying head system. So the contact head
slider/disk interface system is proposed in these days.
Because the contact system can have approached to
several nanometer flying height, the analysis of dynamic
characteristic of contact head slider is important issue in
the future magnetic storage devices. The analysis for them
was studied with computer simulation by Kyosuke Ono,
Takashisa Kato and so on. The Kyosuke Ono analyzed the
bouncing vibration of a mono-pad slider with using a
single-DOF slider and harmonic wavy surface model [1].
Next, Ono analyzed the bouncing and pitching vibration
of tri-pad slider with a two-DOF slider and random wavy
surface mode! [2]. Takahisa Kato and Souta Watarahe
develop a computer simulator. They studied the slider

motion where a three-DOF model of head-suspension
assembly was introduced and the effects of meniscus
force due to the meniscus bridge between the slider and
the disk was considered[3]. But they scarcely took
account of the difference of mass center, operating point
of air bearing force, the location of slider and suspension
assemble, and so on. They play a very important role to
dynamic characteristics of head slider in contact system.
In this paper, we study the influences for the change of
these parameters with 2-DOF contact slider modeling.
Disk surface is modeled in harmonic wave, the
frequencies are from 10kHz to 600kHz. Computer
analysis is carried out by numerical method, runge-kutta
method, also time is done during 4.5 ms, the flying height
of contact slider was steadied in 4.3ms ~4.5ms.  Through
these study, we will know the dominant factors that
affects a flying height and dynamic characteristics of
contact slider.

2.  Governing Equation

* Dep. of Mech. Engineering Yonsei Univ.
** Dep. of Mech. Engineering Yonsei Univ.
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The tri-pad contact slider used in a numerical analysis
has 1.25mm, 1.00mm, 0.3mm (length, width, height). In
shown fig.1, the contact slider is modeled two
dimensionally. The part of suspension assembie was
modeled in bouncing stiffness ( £ ), vertical damping (¢ ),
pitching stiffness ( k), pitching damping (¢4 ). The
friction force ( uF ) operates between contact part of disk
surface and slider head. Also the circumference of contact
slider pad(1) is 150mm , pad(2) located 153.8mm. Disk
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surface is modeled with unit harmonic wavy component,
z4 = AsinQaf ;1 — x) (1)
When disk spindle rotates at 6000rpm, the air linear
velocity through pad(1) has 15m/s and pad(2) has 15.3m/s.
The model of contact slider has a static load ( F), contact
force ( F.). moment (M) and air bearing force that is
F, , F, . In steady state, when the model has
Fo My F, . F.. the attitude of contact slider is - =
6y =300urad . In this state, if any load and moment add,
the equilibrium point of slider is under as & . In that state,
the governing equation for vertical (z,,) and pitching
displacement ( z, ) is written as

U=(zy . z4)
Mii+ Cii+ Ku=fo + f, + /. )
m 0
A/I: .
0
c+ey+e, ec+dscy—d,c
C=
ec+dycy~dc, ¢ +ezc+d;‘c, +d,?c,
k+k, +k, eh+d kp—dk,
A=
ek +diky —dike kg vk +dik, +dik,

. k/:L,/ +h.2y +c/j(,, +C,Iy
Ju drkf:d/ _d/‘kr:dr +d,c,jl” —d,,c',jl/r

2 i)
Jo= - - Iy =
—ayF. = byl —efFy + M,

Where £, is air-bearing stiffness at pad(2), &, is air-
bearing stiffness at pad(l).z, and :, describe the
displacement of disk surface. These is described as

L=Wifs . L=WIf,
zy = Asin( 2f it - 2n(a, +d, Y L) 3)
cg = Asin( 2af ;6 = 2n(ay -d, )/ Ly) G))

In upper equation.

Contact regime :
F. =0

Non-contact regime :
£, :(’L(jtl_‘:"/7)+k£(:11;z/7) =0

Where -, describes the displacement of disk surface at
slider head part, =z, describes the vertical
displacement of slider at head part. The steady state of
Equation (2) s zy =24 =0
Sy =Ze =0, z;,=-6, z5 =0, and in these state,
the equation for variation is derived,
- Non-Contact state

Mi" +Ci’ + K =7, (3)
- Contact state

u=u=0 ,

M+ Ci v K =1+ ()
Where
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Where k_ is a contact stiffness. The table | and table
2 appear the variable values using simulation, The initial
condition of slider is that initial velocity and acceleration
are zero in z,q =10nm. The contact slider model that
runs between contact regime and non-contact regime is
simulated during 4.5ms with a time step of 107" sec by
runge-kutta method.
In this manner. we get the equation of motion for 2-DOF
contact slider [4][6].

Table 1. Simulation Parameter Value (Inner)
T 1.6 mg dsy 0.625 mm -

J 2.19 *10" kgm® b, 0.15 mm

k 4.9 N/m u d, 0.125 mm

ko IT\&;:SJ d, 0.5625 mm

g 0.002 e 0-~0.4

¢, 0.002 F 10 mN

<, 0.05 F 0.5 mN
¢ 0.05 A V2 nm

a 1.25 mm H 15 m/s

b 0.3 mm [ 15.3 nvs )

Table 2. Simulation Parameter Valuce (Outer)

Contact stiffness k,=15%10°.1.5%10° 1.5+ 107

contact damping ratio <. =0.0L0.1

Air bearing stiftness

hp= 50%10°.5.0%10* 5.0*10°

Rear to front air r=k lk,
; r'ty
bearing :
Stiffness ratio =001 .0.1 .10
Coeflicient of friction u=00
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Fig. 1 2-DOF tri-pad contact slider model

3. Simulation result

The dynamic characteristics of slider are gained with
through Eq. (5) and Eq. (6) by numerical simulation.

3.1 Characteristics of tri-pad slider
When damping matrix C is zero, we solve Eq. (2) by
free vibration analysis. Assume u' =Ue™, Eq. (2)is

(Q*[M]-[K]){u}=0 ™
Multiply [K]7', let 1/Q% =4

(K] ' [M]- AU =0 ®
Eq. (8) is divided by form of [M]=[R]"[R],

(IRIKT'[R) - AL {u} =0 ©

Also, through natural mode is Uy = [I Um]"(i=l,2), we get
natural modes. Because of the relation of U0 =z;,
U, is equal to node point of slider. Fig. 2, 3 show the
natural frequencies and node point due to the change of
rear to front air bearing stiffness ratio r. Ratior is
changed from r=0.01 to »=10.
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Fig 2 Natural frequencies for air bearing ratio (v)
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Fig. 3 Natural modes for air bearing ratio (r)

Fig. 2 shows the changes of natural frequency for air-
bearing stiffness ratio r. In the case of non-contact, natural
frequencies increase when air-bearing stiffness £,
increases. As air-bearing ratio r increases, the gradient of
lower mode reduces in the vicinity of r=0.25, the gradient
of higher mode increases. As air-bearing ratio r increases,
the elements of K,,K,; in matrix K changes from the
positive to negative in this scope. In the case of contact
state, Because k, has a high value, the elements of
Ky, , K, are the negative in relation of
(ek +dk; —d,k. ). The gradient of lower mode never
changes. As shown in the fig. 3, a node point is similar to
the change of natural frequencies. But the change of node
point has a tendency of opposition with the case of
contact. A lower node point locates at trailing edge when
k/ is 5.0%10°,5.0%10°, does not change. In contact, The
change of k, effects bigger than in non-contact. As air-
bearing ratio r gradually increases, the node point of slider
converges into trailing edge. It effects the dynamic
characteristics of contact slider. Thus air-bearing ratio r
plays an important role in dynamic characteristics of
contact slider.

3.2 Lift characteristics of contact slider

Fig. 4 shows the lift characteristics of contact slider.
Disk surface wave changes from 10kHz to 600kHz with
the step of 10kHz. And air-bearing ratio r has the values
of 0.01, 0.1, 10. Air-bearing stiffness and contact stiffness
change the value of &, = 50*10° Jky = 50*10% |
ky=5.0%10° N/m and k. =15%10° | k =15%10°
k,=1.5%10" .Also time varies from Os to 4.5ms.Natural
frequencies of contact slider for these values are written at
table 3. When air-bearing ratio r is getting smaller than
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0.1, contact slider has a tendency to diverse than to track
disk surface, As shown in the fig. 4 (4), (5), (7), (8), (13),
(14), (17), (22), (23), (25). (26). When air-bearing ratio r
gradually increases, the magnitude of flying height is
reduced. When air-bearing ratio r has the level of r=10,
the node point of contact slider locates at trailing edge,
the head part of slider and air-bearing force operating at
trailing edge have bigger value than air-bearing ratio r
has small value. In opposite case, when air-bearing force
operates the small effect at trailing edge, contact slider
does not track disk surface. lt appears that the force
operating at node point has something to do with the
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flying height of contact slider. Fig. 4 (a), (b), (c) show
the effects of &, . As &, increases, the vibration of
contact slider reduces, but it is gotten the large effect of
resonance. As k. increases, the amplitude of vibration
at trailing edge has a tendency increasing, a strong
reflective force operates there. And a strong moment
operates at the center of slider. Therefore the flying
height of contact slider does not reduce. In the result, for
the head part of contact slider has better tracking motion,
they should have a big air-bearing stiffness and a small
contact stiffness.
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Table 3. Natural frequencies for variables (unit : kHz)
ke =13¢+5Nm ke=135¢+6N/m ke=15¢+TN/m
r=0.01 r=10 r=0.01 r=10 r=0.01 =10

5107 947 9.70 9.47 9.76 947 9.77

(N/m) 0585 | 108.66 | 302.90 | 307.10 } 95745 | 958.80

'5*10° 2914 | 2922 | 2920 | 2991 | 2920 | 3016

(N/m)  "96777 | 18837 | 302.90 | 34342 | 95747 | 971.05

5410° 8495 | 9112 | 9190 | 9212 | 92.09 | 94.34

(N/m) [ 10535 | 521.90 § 30390 | 59557 | 957.78 | 1086

3.3 Change of &

We choose parameters used in this paper to play an
important role in design of slider, suspension and disk.

depending on parameters

max

a) Change of & dependingon d,,d,

max

We simulate the d, that is displacement from mass
center G of slider to the part of air-bearing force operating
at trailing edge effects how /4, changes. In the case of
k. =1. 5*106 Nimand k; =5.0*10° N/m, fig. 5(a) and
fig. 5(b) show the changes of h.m for d. in
r=10,d, in r=0.01. As shown in the fig. 5(a), d,
that is a operating point of air-bearing force F, is
dominant factor to determine flying height in r=10.
While the flying height due to change of d, is small
As shown in the fig. 5(b), d, that air-bearing force F),
operates in is dominant factor to determine flying height
in r=0.01. Then the flying height due to change of d,
is small. In »=10, the node point of contact slider
locates at the vicinity of trailing edge, so then d, plays
more important role than d, for the changes of flying
height. In contrast with that, the node point of contact
slider locates at the vicinity of leading edge, so then
d, plays a important role than d, for the changes of
flying height in r=0.01.

displacement (wn)

o 100 200 300 a00 500 500
fiequency (kHz)

(a)

dsplacement (vm)

0 Von 200 300 ano £ 500
tequency (kHz)

(®)

Fig 5 change of A, for d,

b) Change of h,,. dependingon e

Fig. 6 shows the changes of flying height in condition
of k;=50%10° N/m , k. =15%10" N/m , r=10 when
the value of e changes into 0.1, 0.2, 0.3 and 0.4. When
e goes far apart from mass center, the vibration of contact
slier reduces gradually. But /4, increases small at
450kHz. The farther e goes, the lower flying height is.
But we are not sure that the slider is stable.

¢) Change of A, depending on mass center

The location of mass center is changeable due to ABS
pattern and pad, and so on. So we studied for change of
this one in the case of &, =5 0*10° N/m
k. =15%10° N/m, r=10. When it goes for leading edge,
the location of mass center is positive, and it is negative
when it goes for trailing edge. As shown in the fig. 7
when e has —-0.05, the changes of flying height have a
important result. Then they have not the any influence of
resonance to S50kHz than when they have other values.
Namely, the case is independent on the effect of
resonance. Therefore the changes of mass center are also
important factor to determine the flying height of contact
slider.

d) Change of &, depending on disk velocity

HDD used in present has the rotating velocity of
10000rpm. So fig. 8 shows the effect of this parameter in
k. =15%105 N/m, k; =5.0%10* N/m, r=10.

In this case, when disk spindle velocity is ¥V =15m/s,
the vibration of contact slider reduces in the vicinity of
240kHz due to  disk surface wave and

—d, =0.0625mm that is displacement between
contact point and the operation point of air-bearing force
E. . Also as the velocity increases, the frequency changes
into 288kHz, 336kHz, 384kHz for 7200rpm, 8400rpm,
9600rpm. The frequency due to disk surface wave shifts
right in frequency domain when the velocity increase.
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Fig. 6 Change of 4 for e
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4. Conclusion

(1) The air-bearing stiffness should be small for
reducing the vibration of contact slider and being
generated the lift characteristics in small scope of
frequency domain.

(2) If the node point of lower mode locates at the
vicinity of trailing edge, the vibration of low mode is
reduced. For that, air-bearing stiffness ratio (r) should get
big value.

(3) For the reduction of vibration and the effect of
resonance. we should consider the value of parameters,
such as d,, d, , the bonding point of slider and
suspension, the location of mass center, velocity of
spindle motor, and so on.
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